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1.0 INTRODUCTION 

1.1 PURPOSE AND CONTENT OF VOLUME 

This Aquatic Environment Supporting Volume (AE SV) is one of six volumes produced in support of 

the Response to EIS Guidelines for the Keeyask Generation Project Environmental Impact Statement 

(EIS). The EIS has been developed by the Keeyask Hydropower Limited Partnership (the Partnership) as 

part of the regulatory review of the Project under the Canadian Environmental Assessment Act and The 

Environment Act (Manitoba).  

The EIS consists of the following: 

 A video, Keeyask: Our Story, which presents the Keeyask Cree Nations’ history and perspectives 

related to hydroelectric development. Presented through the lens of their holistic Cree worldview, it 

explains the journey taken by the Keeyask Cree Nations (KCNs) as they evaluated their concerns 

about the Project, the nature of their participation as Partners, and the decisions they ultimately made 

to support the Project; 

 An executive summary;  

 A Response to EIS Guidelines issued in response to an application by the Partnership for 

environmental approvals under the government regulatory environmental assessment process. This 

response includes findings and conclusions, with charts, diagrams, and maps to clarify information in 

the text, and a concordance table to cross reference requirements of the EIS Guidelines with 

information in the EIS; and 

 The KCNs’ Environmental Evaluation Reports providing each of the KCNs’ own evaluation of the 

effects of the Project on their community and Members and including Aboriginal traditional 

knowledge relevant to the Partnership’s response to the EIS Guidelines. 

The six supporting volumes were developed by the Manitoba Hydro environmental team in consultation 

with the Members of the KCNs. These volumes provide details about the Project Description and about 

the research and analysis of the following topics: Public Involvement Program, Physical Environment, 

Aquatic Environment, Terrestrial Environment, Socio-economic Environment, Resource Use, and 

Heritage Resources (the latter three topics are included in one volume). The supporting volumes have 

been reviewed, commented on, and, as appropriate, finalized in a manner consistent with the 

arrangements of the Partnership. 

This AE SV describes the environmental setting and assesses impacts of the construction and operation 

of the Project on the aquatic environment. The following topics are included: 

Section 2: Water and sediment quality; 

Section 3: Aquatic habitat; 

Section 4: Lower trophic levels; 
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Section 5: Fish community; 

Section 6: Lake sturgeon; 

Section 7: Fish quality; and 

Section 8: Sensitivity of effects assessment to climate change. 

Each of Section 2 to Section 7 provides information pertaining to the environmental setting, including 

past conditions, current conditions and trends to the future, and assessment of the Project effects, 

including a description of required mitigation. A summary of residual effects and proposed monitoring 

and follow-up is provided in each section. Section 8 of this document considers whether predicted effects 

of the Project are sensitive to climate change. 

This introduction section provides the following information with respect to the aquatic assessment: 

 An overview of the ecosystem-based assessment approach, including scoping of the assessment and 

basic assessment methods (Section 1.2); 

 A description of the study area (Section 1.3); 

 A summary of the pathways of effect evaluated to examine potential interactions between Project 

construction and operation and the aquatic ecosystem, and the process to identify mitigation 

measures (Section 1.4); and 

 Sources of information used for the assessment (Section 1.5).  

Aquatic resources support commercial and recreational fisheries in the region and are an important 

domestic food for KCNs Members. These and other resource use activities are documented in the 

Socio-economic, Resource Use, and Heritage Resources Supporting Volume (SE SV), Resource Use 

Chapter.  

1.2 OVERVIEW OF THE ECOSYSTEM-BASED 

ASSESSMENT APPROACH 

This section describes the overall approach to the design and conduct of the ecosystem-based assessment 

on the aquatic environment. 

An ecosystem is a functional unit comprised of the living and the non-living things in a geographic area, 

as well as the relationships between all of these things (Aber and Melillo 1991). An ecosystem has 

patterns (e.g., habitat patches), structures (e.g., food web, trophic structure), dynamics (e.g., cycling of 

energy, nutrients and matter) and performs functions (e.g., converts carbon dioxide into plant material, 

provides fish habitat).  

An ecosystem-based approach was used to understand the aquatic environment and to evaluate the 

potential effects of the Project on it. This approach recognizes that the aquatic environment is a complex 

system in which changes to one component directly and/or indirectly affect many other components. 
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Key elements of the ecosystem-based approach that were applied to the aquatic assessment are listed 

below: 

 The environmental components selected for the assessment included representation from different 

levels of the ecosystem; 

 Scoping of the assessment considered both direct and indirect effects of the Project on the 

environmental components of interest; 

 The spatial scale of the assessment considered both the scale(s) at which the Project can affect the 

environment and the scale(s) at which components within the ecosystem use the environment; 

 The temporal scale of the assessment considered annual and between-year variations in the 

environment, including long-term changes; 

 Given the complexity of potential interactions between the Project and the ecosystem, and within the 

ecosystem itself, models were used for (i) understanding processes relevant to the assessment; and  

(ii) predicting changes caused by the Project; 

 The description of effects considered relevant benchmarks, including the degree of difference from 

undisturbed states, degree of change from the existing environment, and comparison to established 

thresholds and guidelines; and 

 Uncertainties associated with the predicted effects were described, as were potential measures for 

addressing these uncertainties. Monitoring, including adaptive management, is one measure used to 

address uncertainty. 

The following provides a brief overview of the aquatic ecosystem, followed by a description of the 

scoping and methods applied to the assessment. 

1.2.1 The Aquatic Ecosystem 

The biota of the aquatic ecosystem described in this volume are typical of Canada’s northern boreal 

region. The ecosystem consists of fast-flowing large river habitat interspersed by shallow lakes and man-

made reservoirs. The main channels of the lakes and reservoirs retain many of the characteristics of the 

river mainstem, and residence times of the mainstem sections are typically in the order of days. Small 

rivers and streams drain the generally low gradient boggy areas adjacent to the main waterways. 

As is typical of all northern boreal systems, the area experiences distinct seasons. Winter is characterized 

by a prolonged period of ice cover, during which low temperatures and lack of sunlight to support 

primary production result in minimal biological activity. Rising temperatures and increasing daylight in 

spring create a burst in productivity throughout the ecosystem; this is also the time of the onset of 

reproduction and growth in many of the biota. Growth continues through summer, but by fall, most 

biological components are entering a period of relative inactivity for winter. Interannual variations in 

weather (i.e., sunlight and timing of spring temperature increase and fall temperature decrease) and stream 

flow result in marked differences in the ecosystem between years. 
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The aquatic ecosystem includes primary producers (aquatic plants and attached and planktonic algae) and 

consumers (benthic invertebrates, zooplankton and over 30 fish species). Energy enters the system from 

the sun, where it is trapped by the primary producers, which in turn are eaten by the consumers or die 

and settle to the bottom to become part of the detrital system. As a riverine environment, energy also 

enters and leaves in the flow of the river, in the form of drifting and planktonic plants, animals and 

detritus (dead organic material). The fish resident within this reach also move to both upstream and 

downstream waters. There are also linkages to the land environment: riparian vegetation affects nearshore 

habitat, runoff from the adjoining land enters the water bringing nutrients and other substances, and 

birds and mammals may consume fish and aquatic invertebrates. Nutrients, in particular nitrogen and 

phosphorus, enter the food web primarily via inflowing water, in the form of detritus and as dissolved 

and particulate inorganic forms that are taken up by plants and algae and then become available to higher 

level consumers.  

The area that will be directly altered by the Project supports a diverse array of aquatic habitats, including 

off-current bays, sandy channels, rapids, swift flowing river segments, and a lake. Some of the biological 

components of the ecosystem are restricted to only one or a few habitat types (e.g., plants require shallow, 

standing water habitat), while others range widely and may require several distinct habitat types (e.g., many 

fish species require distinct habitat types for spawning, rearing, feeding and overwintering). 

Periodic natural disturbances play an important role in determining the structure of the ecosystem. In 

particular, shoreline areas are disrupted by changes in water level seasonally and between years (including 

extremely low levels associated with droughts), wave and ice action, and periodic floods that scour river 

channels and littoral areas. 

The area that will be affected by the Project has been subject to subsistence harvest over the millennia 

and recreational and commercial harvest over the last decades. More recently, the water regime was 

greatly altered due to hydroelectric development (LWR/CRD and five individual generating stations on 

the Nelson River), and inflowing waters have become more nutrient-rich. The reach immediately 

downstream of Gull Rapids was impounded in the early 1970s by the Kettle Generating Station (GS), 

which flooded a large area to form Stephens Lake. This development may have affected fish usage of the 

Nelson River upstream of Gull Rapids. More recently, rainbow smelt, an invasive species, has become 

established in this reach, and is now a substantial component of the fish fauna. Rising temperature due to 

climate change is a concern in this region, as in all northern areas. 

Linkages between the aquatic ecosystem and the Project are discussed in Section 1.2.2.2. 

1.2.2 Scope of the Environmental Assessment 

The environmental assessment was scoped through a multi-step process, as follows: 

 The Project components to be considered in the assessment were identified. This included not only 

the physical structures of the Project, but effects of the construction and operation of the Project 

itself and mitigation measures; 

 Potential linkages or pathways of effect between the Project and the aquatic ecosystem were 

identified. Both direct and indirect effects were considered; 
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 Components of the ecosystem to be included in the environmental studies were identified based on 

the potential for the Project to cause a substantial change in their function within the ecosystem, and 

for their importance to the overall ecosystem and their potential for use as an indicator of change; 

 Certain ecosystem components/attributes (Valued Environmental Components, VECs) were 

selected as the focus of assessment; 

 The spatial scope of the assessment was determined based on the spatial scales relevant to the 

environmental component in question and the scale at which it will interact with the Project. Multiple 

spatial scales were considered; and 

 The temporal scope of the assessment was determined based on temporal scales relevant to the 

environmental component in question and the scale at which it will interact with the Project. Effects 

of past and on-going change were considered when determining the temporal scope. 

Although described as a linear process, scoping of the assessment was iterative because on-going 

assessment work modified the understanding of the nature and extent of Project effects to some 

components of the ecosystem, and this modified understanding required re-evaluation of potential 

linkages to other ecosystem components. 

1.2.2.1 Project Components Included in the Assessment of the Aquatic 

Environment 

The scope of the assessment covered the effects of the Project, as follows: 

 Construction of the GS, including temporary alteration of habitat as a result of instream 

construction, inputs of materials to surface waters, and specific activities such as blasting. Changes 

due to flooding that commence during construction are considered within the operation period of 

the assessment; 

 Construction of the south access road and operation of the north and south access roads during 

construction and operation of the Project; 

 Effects of accidents and malfunctions (e.g., fuel spills); 

 The structure of the GS, including loss of habitat under the structure and dewatering of the river 

channel, and changes to movements of the biota; 

 Flooding of upstream aquatic and terrestrial areas, including release of material from flooded 

terrestrial areas and its fate in the aquatic environment; 

 Effects of station operation on the open water and ice regimes; 

 Effects of various mitigation works; and 

 Changes to resource harvest in the area directly affected by the Project. 
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Effects to the fisheries resource that may arise from the Adverse Effects Agreements (AEA; Keeyask 

Generation Project: Response to EIS Guidelines Section 4.8) are discussed in the SE SV Resource Use 

Chapter. 

1.2.2.2 Linkages to the Project 

The second stage of scoping considered linkages between the Project components listed above and the 

aquatic ecosystem to identify potential direct and indirect effects. 

Changes in the physical environment caused by the construction and operation of the GS will be 

manifested through the aquatic ecosystem by various pathways of effect or linkages. Figure 1-1A and 

Figure 1-1B represent some of the major habitat types and linkages involving transfers of energy and 

nutrients that will be altered. These diagrams provide a conceptual illustration of the rationale for 

identifying potential direct and indirect effects of the Project on the aquatic ecosystem. The primary 

change that will occur as a result of the construction and operation of the GS are an increase in water 

levels upstream of the GS, resulting in the flooding of existing aquatic habitat and terrestrial areas. 

Existing habitat in rapids and littoral areas in the mainstem and portions of small tributaries will be lost, 

and the reservoir will be larger, deeper and slower moving than the current aquatic environment. The 

open water and ice regimes in the new reservoir will be different from the existing environment in that 

the overall range of water level variation will be smaller, but water level changes will occur more 

frequently. Aquatic habitat will be lost under the structure of the GS itself and in the dewatered riverbed 

immediately downstream of the dam. Upstream movements of fish will be blocked and downstream 

movements of all aquatic biota will be altered. 

These changes in aquatic habitat will affect water quality, the presence of specific habitat types  

(e.g., rapids habitat), and productivity in the trophic system. As indicated in Figure 1-1B, this creation of 

new habitat and alteration of existing habitat will create cascading effects through the food web, altering 

growing conditions for primary producers, including plants and algae, and habitat for invertebrates, 

including zooplankton and benthos. Detrital pathways, via bacteria, protozoans and micro- and 

macroinvertebrates, will also be affected. As indicated in Figure 1-1B, the newly flooded terrestrial areas 

will initially release both mineral and peat materials to the aquatic environment. Habitat in these areas will 

gradually evolve as shorelines stabilize, new bottom types form, and the littoral zone is re-established. 

The condition of the new littoral zone is somewhat uncertain, given the altered condition of the substrate 

and water regime. The fish community will be affected both through direct habitat alterations (e.g., 

flooding of spawning habitat) and indirect effects through the food web. Overall structure of the aquatic 

ecosystem will be affected by a change in existing patterns of energy transfer because organic material will 

enter from flooded areas and be trapped in the reservoir. A reduction in the diversity of biota may also 

occur because the reservoir habitat is more homogenous than the existing lake, river and small streams. 

As illustrated in Figure 1-1B, species dependent on certain habitat types (e.g., rapids habitat, littoral 

habitat) are directly affected by the Project. An assessment focussing on effects to selected higher trophic 

level components that are sensitive to environmental changes caused by the Project (e.g., selected fish 

species) could also act as indicators of effects to other parts of the ecosystem. For example, walleye feed 

on planktonic organisms as fry and then shift to invertebrates and forage fish production as they grow in 
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size. Therefore, an assessment of potential trophic effects will include all of these food groups as well as 

the environmental components that support them (e.g., forage fish provide food to walleye but in turn 

rely on benthic invertebrates and plankton). In terms of habitat, the assessment will need to consider 

effects to water quality, and the presence of areas of moving water over coarse substratum (spawning 

habitat), shallow protected bays (rearing habitat), and open water habitat (adult foraging habitat).  

Figures 1-1A and 1-1B indicate that humans are linked to the aquatic ecosystem via harvest of fish.  

1.2.2.3 Ecosystem Components Included in the Assessment 

Ecosystems are hierarchical systems that can be described at various levels of organization from 

individual species (e.g., walleye), to assemblages (e.g., benthic invertebrates), trophic levels (e.g., predators) 

and major functional groups (e.g., primary producers). Table 1-1 provides a list of ecosystem components 

that will be affected by the Project, incorporating components at various organizational levels within the 

ecosystem. As indicated in Table 1-1, certain components were selected for inclusion in the 

environmental assessment studies, and a few were selected for detailed study (described in discussion of 

VECs below). Components selected for study were those that will be affected by the Project, were 

amenable to measurement within the level of effort typical for an environmental assessment, and could 

provide useful information about Project effects to the aquatic environment. The following components 

were selected: 

 Water quality is of fundamental importance to the aquatic ecosystem, as it determines the suitability 

of the environment for aquatic biota. Variables measured as part of water quality include dissolved 

oxygen, organic carbon and inorganic nutrients, which are measures of the major cycles within the 

ecosystem. Direct effects to water quality are an important pathway by which hydroelectric 

development affects the aquatic environment. 

 Aquatic habitat provides the environment in which aquatic organisms live. For aquatic organisms, the 

structure of the habitat is provided by water depth and velocity, substratum type, and the presence or 

absence of cover (e.g., aquatic vegetation, terrestrial debris, and riparian vegetation). Alteration of 

aquatic habitat is the major pathway by which hydroelectric development affects the aquatic 

environment. 

 Lower trophic levels include all organisms, apart from fish, that occupy the aquatic environment, 

including algae, rooted plants, zooplankton, and benthic invertebrates. Algae and rooted aquatic 

plants are primary producers, which provide one of the major sources of energy to higher trophic 

levels in the ecosystem. Primary producers are affected both by changes in water quality and habitat. 

Zooplankton and benthic invertebrates are an important link in the aquatic ecosystem between 

primary producers and fish. Particular emphasis was placed on benthic invertebrates as they are 

affected by alterations in aquatic habitat caused by the Project, are an important food source for most 

fish species at some point in their life cycle, and are a useful indicator of environmental conditions. 

Microscopic invertebrates and single-celled organisms are important in overall ecosystem function, 

but changes to the larger invertebrates are expected to reflect changes to these groups and the smaller 

forms are extremely difficult to study directly. 
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 Fish community contains most of the middle and top trophic levels in the aquatic ecosystem. Certain 

species are also of direct interest to humans for consumption. The fish community integrates effects 

to the aquatic ecosystem as a whole, since various fish species require different habitat types and are 

dependent on production from lower trophic levels. As described below, certain fish species were 

selected as VECs. 

 Mercury in fish is listed in Table 1-1 because it is of particular interest due to its importance in 

determining the suitability of fish for consumption by humans and represents the end effect of a 

complex pathway by which flooding mobilizes mercury in the food web. 

1.2.2.4 Selection of Valued Environmental Components 

It is not practical nor necessarily instructive to decision-making to investigate and describe all aquatic 

components of the ecosystem in all places at all times or to predict and assess the possible effects of the 

Project on each component of the aquatic environment. Therefore, certain VECs were selected to focus 

the assessment. To be considered as a VEC, an environmental component had to be likely to be affected 

by the Project, amenable to scientific study in terms of the analysis of both existing and post-Project 

conditions, important to local stakeholders and regulatory requirements and, preferably, indicate 

conditions of other components of the ecosystem or be important to ecosystem function. 

Five VECs were selected: 

 Water quality – is a major pathway by which Project effects are linked to other portions of the 

aquatic ecosystem. Water is important to all living things, and changes to water quality are subject to 

regulatory guidelines and restrictions. Water quality affects the suitability of the aquatic environment 

to support life, and variables are indicative of many of the major pathways of energy and nutrient 

transfer within the ecosystem; 

 Lake whitefish – are negatively affected by hydroelectric development as they are adversely affected 

by sedimentation in spawning areas and overwinter drawdowns in reservoirs. This species is 

important to the KCNs for domestic use, is harvested commercially and, due to its sensitivity to 

adverse environmental conditions (e.g., water quality), position in the mid-level of the food web, and 

use of open water lacustrine habitats, provides a good indicator of conditions in this portion of the 

ecosystem. As with other fish species, lake whitefish and their habitat are protected under the federal 

Fisheries Act; 

 Northern pike (locally known as jackfish) – are sensitive to changes in littoral habitats and small 

tributary streams, which are the environments most vulnerable to effects of hydroelectric operations 

(e.g., water level fluctuations). This species is harvested in domestic and recreational fisheries. As a 

top level predator utilizing nearshore, vegetated habitats, changes to northern pike can be indicative 

of productivity of the littoral environment; 

 Walleye (locally known as pickerel) – use a variety of habitats that will be substantially altered by the 

Project. This species is harvested in domestic, commercial and recreational fisheries. As a top-level 

predator using both nearshore and offshore habitats, it provides a general indication of the condition 

of the aquatic ecosystem; and 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 1: INTRODUCTION  1-9 

 Lake sturgeon – are particularly vulnerable to effects of hydroelectric development as a result of their 

low population numbers and specific habitat requirements. They are culturally and spiritually 

important to the KCNs and are harvested. They have special status as a heritage species in Manitoba, 

are assessed as endangered by the Committee on the Status of Endangered Wildlife in Canada and 

are being considered for protection under the federal Species at Risk Act. Lake sturgeon is one of the 

species of greatest concern for the Project and, as such, has been the focus of considerable study and 

mitigation planning. Effects to lake sturgeon may also be indicative of effects to other species 

dependent on riverine environments. 

1.2.2.5 Spatial Scope 

The spatial extent of the assessment was determined through (i) identifying where the Project could 

directly affect environmental components of interest; and (ii) identifying where the Project could result in 

indirect effects (e.g., downstream transport of sediment in water; movement of fish). Map 1-1 provides an 

overview of the region discussed below (detailed maps are in Section 1.3).  

The open water hydraulic zone of influence (i.e., the zone of direct Project effects) includes the 

footprint of the Project itself and the area that will experience substantial changes in water levels and 

flows. It includes the following: 

 Gull Rapids, the site of the proposed GS; 

 The reach immediately upstream of the GS where water levels will increase due to impoundment and 

backwater effects. This reach extends from approximately 3 kilometres (km) downstream of the 

outlet of Clark Lake to Gull Rapids, including Gull Lake, and the flooded reaches of small tributary 

streams; and 

 The approximately 3 km long reach of the Nelson River immediately downstream of the GS where 

water levels and flows will be altered by diversion of flow through the tailrace of the GS and by the 

dewatering of the south channel of Gull Rapids. 

Apart from the mainstem, the Project will also affect several streams crossed by the north and south 

access roads.  

The zone of influence of indirect Project effects includes waterbodies that may be affected due to the 

movement of fish from the direct zone of influence and/or be affected by changes in inputs carried in 

the river from upstream. The following are included: 

 Split Lake and adjoining waters where effects may occur due to the movement of fish from the 

reservoir; 

 The upstream sections of flooded tributaries where fish usage may be affected by changes at the 

mouth; 

 Stephens Lake where effects will occur because fish no longer will have access to Gull Rapids as 

habitat and the mainstem section will be affected by inputs from the construction and operation of 

the GS; and 
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 The Nelson River downstream of the Kettle GS, which may be affected by the downstream transport 

of substances in the water. 

To provide context for existing and post-Project conditions in the waterbodies described above, 

comparisons were made to areas of northern Manitoba traversed by the Nelson River from Lake 

Winnipeg to its outlet at Hudson Bay and the Churchill/Rat/Burntwood system from the Manitoba 

border to its confluence with the Nelson River at Split Lake. The aquatic community of these areas has 

examples of both natural and regulated waters. 

1.2.2.6 Temporal Scope 

The temporal extent of the assessment (within the annual cycle and over multiple years) was determined 

based on:  

 Seasonal differences that will affect the Project’s effects on the environmental component of interest. 

For example, the analysis of effects to walleye considered changes to spawning habitat in spring, 

feeding habitat in summer and overwintering habitat under ice cover; 

 Interannual differences were considered in terms of the variation in flow conditions between years, 

which are important in determining the amount and type of aquatic habitat; 

 The period over which the Project could directly affect the environmental components of interest. In 

general, the assessment considered effects during the construction and operation phases. The 

operation phase was divided into an initial period (up to the first five years after impoundment to full 

supply level when the magnitude of on-going environmental change is the greatest), a transitional 

period (5–25 years as conditions stabilize), and long-term period (after 25 years when the reservoir 

environment has become established). As the Project life span is 100 years, long-term Project-related 

changes were considered permanent; and 

 The environmental setting includes past conditions, in particular as they relate to the current 

condition of the environmental component of interest. Current conditions are generally described for 

the period 1997–2006, based on work done under various technical programs, in particular field 

studies for this assessment that were initiated in 1999. Additional information was collected after 

2006 where analysis indicated data gaps, in particular in relation to lake sturgeon. An analysis of on-

going change has also been conducted to determine whether there are clear trends that could 

continue into the future and markedly change baseline conditions, as they exist today. Conditions 

prior to 1997 were also considered to the extent that these were important to the current condition 

of the environmental component of interest. 

1.2.3 Assessment Methods 

The assessment was based on the concept of comparing the status of environmental components, 

including the VECs, without the Project in place and with the Project in place. Key elements of the 

assessment methods are described below. 
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1.2.3.1 Use of Indicators 

As described in Section 2.0 to Section 7.0, the environmental components were described using 

indicators, which were selected based on their suitability for quantitative measurement and prediction, 

and relevance to the status of the component. In general, the number and quantitative nature of 

indicators for VECs were greater than for supporting environmental components. For example, the fish 

community is described generally in terms of abundance and relative species composition, while walleye, 

a VEC, are described in terms of the presence of habitat availability for specific life history stages (i.e., 

spawning, rearing, feeding and overwintering), abundance, condition, and movements. 

1.2.3.1.1 Use of Models 

Given the complexity of the aquatic ecosystem, models were used for predicting effects of the Project. 

Within the aquatic assessment, the complexity of models employed depended on: the importance of the 

issue; availability of information or suitable models; and utility of modelling approaches. 

Basic model types were: 

 Simple conceptual models (e.g., alteration in habitat leads to effect on fish population); 

 Quantitative models based on changes in habitat area (e.g., calculation of fish relative abundance 

based on specific areas of habitat types that had been sampled in the existing environment); 

 Qualitative empirical models based on observed changes in the environment following similar 

developments in other Manitoba settings and in northern environments (e.g., use of Stephens Lake as 

a proxy for post-Project conditions in the Keeyask reservoir); 

 Quantitative empirical models based on Manitoba and similar environments (e.g., predictive mercury 

model); and 

 Habitat suitability index models using observed relationships between habitat type and fish use 

based on data observed in Manitoba and elsewhere (e.g., lake sturgeon spawning, rearing and feeding). 

1.2.3.2 Identification of Appropriate “Benchmarks” for Assessment 

The assessment considered a variety of benchmarks, both to describe the existing environment as well as 

to describe the predicted Project effects. 

These benchmarks included: 

 Published guidelines (e.g., the Manitoba Water Quality Standards, Objectives and Guidelines) which 

provide levels of various parameters for water of specified uses; 

 Comparisons to areas unaffected by hydroelectric development (i.e., ―undeveloped‖ state); and 

 Degree of relative change (e.g., proportional change in amounts of various habitats). 
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1.2.3.3 Addressing Uncertainty 

The complexity of the aquatic ecosystem results in uncertainty when trying to understand existing 

processes and responses to the Project. More specifically, uncertainty in environmental assessments arises 

due to: 

 An incomplete understanding of the processes controlling the existing environment; 

 An incomplete understanding of changes that will occur in the future environment; 

 Field studies cannot address the full range of temporal and spatial variability; 

 Uncertainty of ecosystem responses to Project effects where these lie outside of past experience 

within similar systems; 

 Reliance on untested mitigation measures to reduce anticipated effects; and 

 Unanticipated effects. 

With respect to the Project, these uncertainties were addressed as follows: 

 The incomplete understanding of processes controlling the local environment was addressed through 

field studies of key processes to the extent that credible predictions of environmental effects can be 

made. However, these processes will never be completely understood, regardless of the degree of 

study; 

 Uncertainty with respect to future conditions was addressed through both an analysis of current 

trends to determine whether marked changes are currently occurring, and an analysis of whether 

future anticipated changes (e.g., on-going effects of climate change) will be expected to affect 

conclusions with respect to Project effects; 

 Variability over space and time was addressed to the extent feasible with the design of field programs 

that included collection of replicate samples in different areas and included several years of sampling 

under a range of flow conditions to account for inter annual variability; 

 Uncertainty with respect to ecosystem responses to novel stresses was addressed through the use of 

proxies where similar changes have occurred (e.g., for several components, Stephens Lake provides a 

reasonable indication of the response of the Keeyask system to impoundment), as well as the use of 

models to help assess pathways by which environmental components may be affected in 

unanticipated ways; 

 Previously untested mitigation measures may or may not function as intended. This uncertainty will 

be addressed through monitoring to determine whether the measures do work, and provision of an 

adaptive management plan to develop alternate effective mitigation methods if the originally 

proposed measures do not function as intended; and 

 Unanticipated effects that may arise will be addressed through provisions for monitoring and 

follow-up, if and as required. 
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1.2.4 Description of Residual Effects 

The residual effects of the Project (i.e., effects after mitigation was taken into consideration) were 

described for environmental components based on magnitude (i.e., how large is the effect?), spatial extent 

(i.e., how large an area is affected?), and duration (i.e., how long will the effect last?). The frequency of the 

effect (i.e., how often will it occur) and reversibility (i.e., the potential for recovery from the effect) were 

also described. The ecological context (i.e., whether an environmental component is particularly sensitive 

to disturbance and has the capacity to adapt to change) was considered where relevant. Finally, the 

certainty of the assessment was described.  

Terms used in describing residual effects are listed below: 

 Magnitude describes the predicted severity or degree of disturbance to the environmental 

component. Magnitude is described as: 

o Small – no definable, detectable or measurable effect; or below established thresholds of 

acceptable change; or within the range of natural variability; or minimum impairment of an 

ecosystem component’s function; 

o Moderate – effects that could be measured and could be determined by a well-designed 

monitoring program; or are generally below or only marginally beyond guidelines or established 

thresholds of acceptable change; or are marginally beyond the range of natural variability or 

marginally beyond minimal impairment of an ecosystem component’s function; or 

o Large – effects that are easily observable, measured and described (i.e., readily detectable without 

a monitoring program), or well beyond guidelines or established thresholds of acceptable change; 

or well beyond the range of natural variability; or well beyond minimal impairment of an 

ecosystem component’s functions.  

 Geographic extent describes the spatial boundary within which the effect is expected to occur. 

Geographic extent is described as: 

o Small extent – effects that are confined to a small portion of one or more small areas where 

direct effects will occur; 

o Medium extent – effects that extend into local surrounding areas where direct and indirect 

effects can occur; or 

o Large extent – effects that extend into the wider regional area where indirect effects can occur. 

 Duration describes the length of time that the predicted effect will last. Duration is described as: 

o Short-term – effects that generally occur within the construction period or initial period of 

impoundment, or that occur within only one generation or recovery cycle of the environmental 

component; 

o Medium-term – effects that extend through a transition period during the operation phase, or 

that occur within one or two generations or recovery cycles; or 
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o Long-term – effects that extend for much or all of the operation phase, or that are permanent, or 

that extend for two or more generations or recovery cycles. 

 Frequency describes how often the predicted effect will occur. Frequency is described as: 

o Infrequent – effects that occur only once or seldom during the life of the Project; 

o Sporadic/Intermittent – effects that occur only occasionally and without any predictable pattern 

during the life of the Project; or 

o Regular/Continuous – effects that occur continuously or at regular intervals during the life of the 

Project. 

 Reversibility describes the component’s potential for recovery from an adverse effect. Reversibility is 

described as: 

o Reversible – effect that is reversible during the life of the Project; or 

o Irreversible – a permanent effect. 

 Ecological context describes whether the environmental component is particularly sensitive to 

disturbance or has the capacity to adapt to change. Ecological context includes consideration of the 

rarity, uniqueness and fragility of the component within the ecosystem. Ecological context is 

described as: 

o Low – the component is not rare or unique, or is resilient to imposed change, or is not important 

to ecosystem function; 

o Moderate –the component has some capacity to adapt to imposed change, is 

moderately/seasonally fragile, or is somewhat important to ecosystem function; or 

o High – the component is a protected/designated species, or fragile with low resilience to 

imposed change, or is very important to ecosystem function. 

The results of the assessment were also described in terms of certainty, as follows: 

 Low certainty – the effect is not certain. The effect may or may not occur or the magnitude/extent 

cannot be estimated with confidence. The environmental component requires monitoring and 

contingency plans for mitigation. 

 Moderate certainty – the predicted effect is somewhat certain but the magnitude cannot be estimated 

with confidence. Monitoring is required to confirm magnitude/spatial extent/temporal duration of 

effect. 

 High certainty – the estimate of the effect is quite certain because predictive methods (models, proxy 

systems) are well established and closely resemble the area to be affected by Project.  
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1.3 STUDY AREA 

The Aquatic Environment Study Area includes the reach of the Nelson River from downstream of the 

Kelsey GS to the Kettle GS, as well as waterbodies immediately adjacent to the Nelson River (Map 1-2). 

Environmental studies were focused on the reach of the river from approximately 3 km downstream of 

the outlet of Clark Lake to the inlet of Stephens Lake approximately 3 km downstream of Gull Rapids, 

within which direct changes to water levels and flows are expected (Map 1-3). Studies were also 

conducted upstream of this reach in Split Lake and adjacent waterbodies because fish may move between 

this area and the area directly altered by the Project. Additionally, Stephens Lake was studied because fish 

in Stephens Lake use aquatic habitat within the river reach up to Gull Rapids, and a few move upstream 

into the habitat above Gull Rapids.  

The Split Lake, Clark Lake to Stephens Lake (referred to as the Keeyask area), and Stephens Lake reaches 

each comprise individual local study areas, and together form the regional study area. Specific 

waterbodies included in each of the local study areas are as follows: 

 Split Lake area: Split, Clark, and Assean lakes and tributaries to Split Lake (Nelson, Burntwood, and 

Aiken rivers); 

 Keeyask area: the Nelson River from the outlet of Clark Lake to the inlet of Stephens Lake, including 

small tributaries. In discussing Project effects, this area is divided into upstream and downstream of 

the GS; and 

 Stephens Lake area: Stephens Lake and associated tributaries, including the North and South 

Moswakot rivers and Looking Back Creek. 

Sample collection for the water quality component extended downstream to the Nelson River at the 

estuary to address concerns that inputs to the water at the Project site could be carried downstream (Map 

1-1).  

Infrastructure associated with the Project, such as the north and south access roads, will affect several 

small streams and ponds and sampling was conducted at identified stream crossings (Map 1-4).  

Ecoregions are shown in relation to the Aquatic Environment Study Area in Map 1-5 (Manitoba 

Conservation Data Centre, 2012a, 2012b). 

1.4 OVERVIEW OF PATHWAYS OF EFFECT 

This section describes the direct Project effects, as well as major changes to the physical and socio-

economic environments that were considered in the assessment of effects to the aquatic environment. 

Information on the planned construction and operation of the Project was obtained from the Project 

Description Supporting Volume (PD SV). Effects related to other environmental components that are 

relevant to the aquatic assessment were obtained from the Physical Environment Supporting Volume 

(PE SV), the Terrestrial Supporting Volume (TE SV) and the Socio-economic Supporting Volume: 

Resource Use Chapter. Additional details used in the assessment for specific aquatic components are 

provided with the impact assessment of those components. The description of effects considered for the 
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operation period also lists the major mitigation measures that will be implemented to reduce adverse 

effects of the Project on the aquatic environment  

1.4.1 Construction Period 

The assessment of construction effects considered temporary alteration of habitat as a result of instream 

construction, inputs of materials to surface waters, and specific activities such as blasting. The PD SV 

provides a description of construction activities, and effects to water regime and sedimentation are 

discussed in the PE SV, Section 4 and Section 7, respectively. Permanent changes to habitat that 

commence during construction are considered within the operation period. 

The effects of the following instream construction activities were considered: 

 Installation of an ice boom – the ice boom will be installed at the start of construction and will alter 

the ice regime by reducing the formation of an ice dam below Gull Rapids and by accelerating the 

development of an ice cover on Gull Lake. The structure of the ice boom has a minimal instream 

footprint. 

 Stage I Diversion – construction of a rock groin and Stage I cofferdams will block flow in the north 

and middle channels of Gull Rapids over a three year period. Flows in the south channel will increase 

and open water levels on Gull Lake will increase by 0.8 metres (m) if inflows to the area are at flood 

stage. The Stage 1 cofferdams will permit construction of the powerhouse, central dam and spillway. 

 Stage II Diversion – construction of Stage II cofferdams and removal of the Stage I cofferdams at 

the spillway will dewater portions of the south channel as flow is diverted through the spillway. Stage 

II diversion will last two years, after which cofferdams that are not part of the permanent dams will 

be removed, the reservoir will be impounded to full supply level (FSL), and water will flow through 

the powerhouse and spillway.  

Other instream work includes: 

 Construction of three stream crossing and widening of the Butnau weir on the south access road; 

 Construction of two causeways for temporary haul roads across off-current channels to the north of 

the Nelson River. Access for fish to habitat on the other side of the causeways will be provided by 

culverts and an excavated channel.  

 Construction of a boat launch and barge landing upstream and downstream of the Project along the 

north shore of the Nelson River. 

The assessment of construction effects also considered: 

 Effects of accidents and malfunctions (e.g., fuel spills). The Environmental Protection Plans 

(EnvPPs) for the GS and south access road provide measures to prevent and manage spills, if they 

occur; 

 Inputs of materials, both through controlled discharges and instream construction, surface runoff, etc. 

The principal effluents will be treated sewage and discharge from the concrete wastewater treatment 
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ponds. Other discharges include water from cofferdam dewatering and surface runoff. Effluent 

sources are described in the Project description and management measures are provided in the 

EnvPPs; 

 Blasting will occur primarily within the confines of the Stage I cofferdam and continue through 

much of the construction period. Use of ammonium nitrate-fuel oils will be restricted to areas that 

will not be exposed to water; and 

 Increased access and potential harvest are described in the SE SV Resource Use Chapter. During the 

construction period, use of the north and south access roads will be limited to construction workers 

and others requiring access to the construction site, as well as resource users with special permission. 

Construction workers will not be allowed to bring boats to the site, but fishing from shore will be 

allowed. 

1.4.2 Operation Period 

The primary impacts to the aquatic ecosystem during the operating phase of the Project are linked to 

changes in water levels and flows (which initiate changes in processes such as sedimentation) and the 

Project footprint, which includes both the GS and access roads (Figure 1-2). Operation effects to water 

regime and sedimentation (including both suspended sediment and deposition) are described in detail in 

the PE SV Section 4.4.2 and Section 7.4.2, respectively.  

The following is an overview of the pathways of effect that arise from changes to water levels and flows: 

 Terrestrial flooding — when the reservoir is first impounded to full supply level, approximately 

45 km2 of terrestrial area will be flooded. The majority of this area consists of sparsely to densely 

treed peatland. As discussed in the PD SV, the reservoir will be cleared of trees prior to flooding. 

Over time, an initial 7–8 km2 will be flooded due to mineral bank erosion and shore peat breakdown. 

 Increased depth — open water depth will increase along a 40 km stretch of the Nelson River, from 

the GS to approximately 3 km downstream of Clark Lake. Depth increases will be greatest at the 

downstream end of the reservoir and decline upstream: 10–15 m within Gull Rapids; 6–7 m at Gull 

Lake; 3–5 m from Birthday Rapids to Portage Creek; and less than 1 m upstream of Birthday Rapids. 

Above Birthday Rapids, effects to water levels will decline rapidly and will not be measurable at Long 

Rapids. For open water conditions, there will be no effects to water levels on Split and Clark lakes, 

although under low flow conditions in winter there might be a slight effect due to ice dam formation 

at Birthday Rapids. 

 Decreased velocity — water velocity in the reservoir will decrease due to increased depth, with the 

largest decreases occurring in Gull Rapids, where velocities will decline by 2–6 m/s. Water velocity in 

upstream river section between Birthday Rapids and Gull Lake will decline by approximately 1 m/s; 

however, detectable flow will be present along the main channel of much of the reservoir. 

Downstream of the GS, within the first 3 km of river channel, there will be a shift in the distribution 

of velocity.  
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 Change in water level fluctuations — in the existing environment, water levels upstream of Gull 

Rapids typically vary by several metres annually or between years. After the project is in operation, 

the station may be operated in a base-loaded mode, resulting in stable water levels, or in a cycling 

mode, resulting in fluctuating water levels. During cycling, water levels in the reservoir will vary up to 

1 m, but the frequency of water level changes will be greater than under existing conditions. Water 

level fluctuations in the tailrace due to cycling of flows will typically range from 0.1 to 0.2 m, and fall 

within the range of the existing water levels on Stephens Lake. 

 Change in ice cover and timing — in the existing environment, the reach between Clark Lake and 

Gull Rapids and immediately downstream is subject to the formation of a thick ice cover, frequently 

with extensive ice dams that cause flooding during winter. Following Project construction, the 

formation of ice dams both upstream and downstream of the GS will be diminished and a thinner ice 

cover will form. Ice will also form somewhat earlier than at present. 

 Change in suspended sediment levels — erosion and flooding will increase the input of mineral and 

organic sediments into the aquatic environment. Total releases of mineral and organic sediments are 

expected to decline quickly during the first five years following impoundment. The majority of 

mineral and organic sediments will deposit near eroding shorelines. Analysis of sediment transport 

indicates that total suspended sediment concentrations in the mainstem of the reservoir and 

immediately downstream in Stephens Lake will be lower than under existing conditions. 

 Increased sediment deposition — fine sediments will deposit upstream of the GS over areas in Gull 

Lake and Gull Rapids that currently have coarse sediments. Deposition rates will be highest 

immediately post impoundment, and decline thereafter. Rates are higher in nearshore areas and lower 

in the mainstem (0-1 centimetres per year, depending on location).  

The following is an overview of effects due to the Project footprint, including the GS and access roads: 

 GS structure — the generating station will block the upstream movement of fish and alter the 

downstream movements of larval, juvenile and adult fish.  

 Dewatering — approximately 100 ha of the south channel of Gull Rapids will be dewatered. 

 Effects of effluents, runoff, accidental spills and releases — the Environmental Protection Plans 

(EnvPPs) for the GS and south access road provide measures to manage effects related to these 

effects. 

 Access to fisheries — the access roads to the Project will become part of the provincial highway 

system, increasing access to areas both upstream and downstream of the Project.  

As shown in Figure 1-2, the interactions between the Project effects listed above and components of the 

aquatic environment were assessed. In addition, the assessment considered interactions among aquatic 

environment components (e.g., effects to fish arise primarily due to changes in the diversity and quantity 

of aquatic habitat).  

During the environmental assessment, changes to the environment were identified that required 

mitigation to reduce adverse effects. Emphasis was placed on mitigating effects that were predicted to 
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have marked effects on VECs. Mitigation concepts were evaluated through an iterative process involving 

evaluation of likely success based on biophysical considerations, including input from both technical 

studies and members of the KCNs, and technical feasibility and costs. As the assessment progressed, a 

subset of measures was selected for further development. Measures were discussed with the multilateral 

Aquatic Working Group, a technical working group comprised of KCNs community members and 

technical advisors, Manitoba Hydro representatives, and environmental consultants working on the 

technical aquatic studies. Measures were also presented to representatives of Fisheries and Oceans 

Canada (DFO) and Manitoba Conservation and Water Stewardship (MCWS). A description of mitigation 

measures identified and evaluated for the aquatic environment, as well as the rationale and design details 

for the selected measures, are provided in Appendix 1A. Mitigation measures described in Appendix 1A 

are also discussed in relation to relevant environmental components in Section 2 to Section 7. 

The following is a list of the mitigation measures identified for the operating period of the Project: 

 Spawning habitat will be constructed in the GS tailrace and near Stephens Lake, to replace lost 

spawning habitat in Gull Rapids for species such as lake sturgeon, walleye, and lake whitefish; 

 Spawning habitat will be constructed in the lower reservoir to replace lost walleye and lake whitefish 

spawning habitat in Gull Lake; 

 Access to small tributaries in the reservoir will be maintained by removing accumulations of debris; 

 Channels in the reservoir at Little Gull Lake will be constructed to allow fish to escape and avoid 

mortality due to overwinter oxygen depletion;  

 Channels will be constructed below the spillway to enable fish to move into Stephens Lake, rather 

than being stranded in isolated pools after the spillway is operated; 

 A comprehensive stocking plan will be implemented to maintain/enhance lake sturgeon populations 

in the Project area and the broader region; 

 Turbines were designed to minimize mortality and injury of fish passing through the powerhouse; 

and 

 A trap and transport program for upstream fish passage will be implemented for key fish species, 

including lake sturgeon. The Project will be designed and constructed in a manner that would allow it 

to be retrofitted to accommodate other upstream and/or downstream fish passage options if 

required in the future.  

Implementation of the following mitigation measures will be subject to post-construction monitoring: 

 If monitoring demonstrates that lake sturgeon no longer spawn at Birthday Rapids, modification of 

the riverbank upstream of Birthday Rapids will create hydraulic features that will be attractive to 

spawning sturgeon; and 

 If monitoring demonstrates that newly hatched young-of-the-year sturgeon are not able to use 

habitat in the reservoir, then sand/fine gravel will be placed at the upper end of present-day Gull 

Lake to create habitat known to be suitable for young-of-year sturgeon. 
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In addition to the measures listed above, the Partnership, DFO, and MCWS are continuing to discuss 

Project effects and mitigation, and additional measures may be identified that will be implemented prior 

to or during Project operation. 

1.5 SOURCES OF INFORMATION 

The environmental setting and impact assessment sections of this document are based primarily on 

information from technical studies, including work conducted before the environmental studies for the 

Project were initiated (1999) and during the course of these environmental studies. A brief summary of 

these information sources is provided below. In addition, information was obtained from local resource 

users and key person interviews with local resource managers. This information was particularly 

important with respect to providing a record of conditions in the area prior to the commencement of the 

environmental studies, and providing insights into observed changes in relation to other human activities, 

including previous hydroelectric development and resource harvest. In addition to local knowledge from 

KCNs Members, Aboriginal traditional knowledge had an integral role in the overall assessment, as 

presented in the Keeyask Generation Project: Response to Guidelines. 

Environmental studies conducted in the area prior to 1999 were largely related to work conducted prior 

to and after the Churchill River Diversion/Lake Winnipeg Regulation (CRD/LWR) Project and 

construction of the Kettle, Long Spruce and Limestone generating stations on the lower Nelson River. 

References to specific studies are provided in subsequent sections of this volume; however, in general, 

the majority of studies were conducted under the following: 

 The Lake Winnipeg Churchill River Study Board conducted work from the mid-1960s to the mid-

1970s. No detailed studies were conducted in the area directly affected by the Keeyask Project; 

however, sampling was conducted in nearby waterbodies and also formed part of the record of the 

effects of hydroelectric development in similar environments in northern Manitoba; 

 The Federal Ecological Monitoring Program (FEMP) was conducted as follow-up monitoring to 

determine the effects of CRD/LWR. Most work was conducted in the late 1970s to the mid-1980s. 

Although sampling was not conducted in the area directly affected by the Keeyask Project, work on 

nearby waterbodies provides a record of general conditions in the area and the effects of 

hydroelectric development; 

 The Ecological Monitoring Program was conducted by Manitoba Fisheries Branch in conjunction 

with the FEMP and included sampling on Split and Stephens lakes in the mid-1980s; 

 The Limestone Generating Station Monitoring Program was conducted by Manitoba Hydro from the 

late 1980s to the late 1990s. Sampling under this program also included work in the lower portion of 

Stephens Lake (referred to as the Kettle forebay) and provides a record of the evolution of 

conditions in reservoirs on the lower Nelson River; and 

 Various long-term programs measuring mercury concentrations in fish flesh along the CRD, 

beginning with the FEMP programs and continuing under other programs to 2005. 
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Other shorter-term studies provide periodic information on conditions in the area. For example, the 

Tataskweyak Environmental Monitoring Agency conducted studies in 1997 and 1998 on Split Lake, and 

Manitoba Fisheries Branch carried out a lake sturgeon sampling program on Gull Lake in 1996. 

Manitoba Conservation and Water Stewardship maintains a long-term water quality sampling station at 

the community of Split Lake, which provides long-term record of water quality conditions in the area. 

Environmental baseline studies for the Keeyask Project were initiated in 1999 and continued from 2001 

to 2006. The majority of the field studies were completed from 2001 to 2004; additional data were 

collected in 2005 to 2006 to address information needs and data gaps identified through the course of the 

baseline studies. Additional studies, in particular in relation to lake sturgeon, were conducted after 2006 

and are reported in this EIS. The primary study components were water quality, lower trophic levels 

(including plants, algae, zooplankton and benthic invertebrates), fish community, and fish quality 

(primarily mercury). Several study programs targeted lake sturgeon in particular. A complete list of all 

aquatic data reports produced for the environmental studies program is provided in Appendix 1B. 

The environmental impact assessment also used information from a wide range of scientific studies 

conducted in similar environments to assist in predicting Project-related effects. Work conducted 

previously in northern Manitoba at other hydroelectric developments and the studies of conditions in 

both historic and newly formed reservoirs in northern Quebec were particularly relevant. Research 

studies, for example, the Experimental Lake and Reservoir Program conducted at the Fisheries and 

Oceans Canada Experimental Lakes Area, also provided key information. 
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Table 1-1: Criteria used to select aquatic ecosystem supporting and valued ecosystem components. 

 
Potential 

Effects1 

Data 
Collection 

Feasible2 

Local 

Importance3 

Regulatory 

Requirement4 
Indicator5 

Ecosystem 

Function6 

Supporting 

Component 
VEC 

Biodiversity        
7  

Water quality         

Detrital pathways         

Aquatic habitat          

Primary productivity          

Phytoplankton         

Rooted plants         

Secondary productivity         

Zooplankton         

Benthic invertebrates         

Fish community         

Lake whitefish         

Lake sturgeon         

Walleye         

Northern pike         

Rainbow smelt       
8  

White sucker       
8  

Mercury in fish         

1. Component will be markedly affected by the Project. 
2. Data collection is feasible within scope of typical environmental assessment. 
3. Of particular importance to resource use by local people. 
4. Specifically required by legislation (e.g., rare or endangered species) or guidelines (e.g., water quality). 
5. Indicator of other changes in ecosystem (e.g., top level predator). 
6. Important to overall function of ecosystem or measure of overall ecosystem function. 
7. Included with specific groups of biota. 
8. Included in fish community. 
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Figure 1-1A: Conceptual diagram of ecosystem in Keeyask area showing major pathways of energy and material transfer 

among components and major habitat types.
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Figure 1-1B: Conceptual diagram of ecosystem in Keeyask area following construction of the Project, showing major 

pathways of energy and material transfer among components and major habitat types.
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Figure 1-2: Summary of pathways of effect during the operation period 
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1A.1 INTRODUCTION 

During the environmental assessment for the aquatic environment, a range of options for mitigating 

effects to the aquatic environment was investigated. Emphasis was placed on mitigating effects that were 

predicted to have marked effects on environmental components of particular importance (i.e., water 

quality, lake whitefish, northern pike, walleye and lake sturgeon) with a focus on the area that will be 

directly affected by the Project (Map 1A-1).  

Aquatic mitigation measures were developed by the environmental team in consultation with the Project 

engineers and the KCNs. Mitigation concepts were evaluated through an iterative process involving 

evaluation of likely success based on biophysical considerations, including input from both technical 

studies and Aboriginal traditional knowledge (ATK), and technical feasibility and costs, based on input by 

Project engineers. As the assessment progressed, a subset of measures was selected for further 

development. Measures were discussed with the multilateral Aquatic Working Group, a technical working 

group comprised of KCNs members and technical advisors, Manitoba Hydro representatives, and 

environmental consultants working on the technical aquatic studies for the Project. Measures were also 

presented to representatives of Fisheries and Oceans Canada (DFO, formerly known as Department of 

Fisheries and Oceans) and Manitoba Conservation and Water Stewardship (MCWS). 

The purpose of this document is to describe mitigation measures that were considered to reduce 

potential effects of the Project on the aquatic environment. Promising alternatives were taken forward to 

the design stage and were included in the suite of mitigation measures identified in the EIS. This 

document also provides a record of the mitigation measures considered and either the rationale for 

acceptance or rejection of each concept, or the status of the concept being considered (e.g., some 

measures are contingencies that were identified because of uncertainty with respect to the need of a 

specific mitigation action). Potential mitigation measures were identified as project planning and 

environmental effects assessments were ongoing and were subject to an ongoing and iterative evaluation 

of their environmental merit and technical feasibility. Cost is not explicitly identified in the evaluations, 

however cost considerations did factor into recommended alternatives. Where and when appropriate, 

designs were assessed using appropriate hydraulic and habitat modelling techniques to verify that design 

criteria are satisfied and that the mitigation objectives are achievable. Overview designs and plans for 

those measures selected for implementation are provided.  

The overall objectives of mitigation and compensation plans described in the following sections are: 

 To avoid or minimize the potential construction-related impacts that were identified during project 

planning and environmental impact assessment studies and investigations; 

 To provide habitat for all fish life history stages both upstream and downstream of the generating 

station (GS);  

 To increase productivity of lake sturgeon in the region; and 

 To ensure compliance with the Policy for the Management of Fish Habitat (DFO 1986). 
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The information presented in this appendix describes the different components of the Project based on 

the current status and assumptions of the engineering design studies and reflects input from the KCNs 

into the planning process. The engineering design and construction methods described are preliminary 

and will be refined during the final design stage, which will extend into the construction phase. In 

addition, on-going discussions with MCWS and DFO may identify modifications to the design of 

recommended measures or determine additional mitigation measures that will be implemented as part of 

the Project. 

Stocking of lake sturgeon is a major component of the mitigation program, and is described in detail in 

Part 2 of this appendix. 

1A.2 KEEYASK CONSTRUCTION MITIGATION 

OPTIONS 

Construction plans and proposed construction methods (Project Description Supporting Volume 

[PD SV]) were developed and selected to, as much as possible, avoid or minimally impact the aquatic 

environment. Construction effects assessments (Aquatic Environment Supporting Volume [AE SV]) 

identified that alternative scheduling arrangements for in-water construction could further reduce the 

potential for adverse effects on fish and fish habitat (Section 1A. 2.1). In addition, alternative solutions 

for the placement of unclassified excavated materials within the reservoir were evaluated towards 

reducing potential aquatic impacts (Section 1A. 2.2).  

1A.2.1 STRUCTURES IN WATER – CONSTRUCTION 

SCHEDULING  

Restricted activity timing windows (DFO 2010) have been identified for Manitoba lakes, rivers and 

streams to protect fish during spawning and incubation periods when spawning fish, eggs and fry are 

vulnerable to disturbance or sediment. In northern Manitoba, no in-water or shoreline work is allowed 

during the 15 April - 30 June, 15 May - 15 July, and 1 September - 15 May periods where spring, summer, 

and fall spawning fish respectively are present, except under site- or project-specific review and with the 

implementation of protective measures.  

Fish community studies conducted in the Keeyask area provide site-specific information concerning the 

timing of spawning activities and times when eggs and fry would be vulnerable to disturbance. Based on 

data from Keeyask field investigations (Table 1A-1), proposed area-specific timing windows for restricted 

in-water construction activities are as follows: 15 May - 15 July for spring and summer spawning fish and 

15 September - 15 May for fall spawning fish. Consequently, the scheduling of construction activities that 

require working in water have been developed and modified to the extent practicable to avoid or 

minimize the potential for disturbance to fish in the Keeyask area during spawning, and egg and fry 

development periods.  
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Adjustments to scheduling so as to restrict construction and removal of structures to times of the year 

when sensitive life stages of fish are least likely to be present are summarized in Table 1A-2. These 

activities include:  

 Quarry cofferdam construction; 

 North channel rock groin construction; 

 North channel Stage I cofferdam construction; 

 Powerhouse Stage I cofferdam construction; 

 Spillway Stage I cofferdam construction; 

 Spillway Stage I cofferdam removal of portions; 

 Central Dam cofferdam construction; 

 ; 

 South Dam Stage II upstream and downstream coffer dams construction; 

 Tailrace summer level cofferdam construction; 

 Tailrace summer level cofferdam repairs; and 

 Tailrace summer level cofferdam removal.  

To the extent possible, work in water has been scheduled to avoid interaction with fish and fish habitat 

during the spring and fall spawning periods. When avoidance of both spring and fall spawning periods 

was not possible due to critical construction sequences, avoidance of spring spawning periods was given 

priority over avoidance of the fall spawning period. 

Additional mitigation of potential disturbances to fish and fish habitat will be gained by constructing each 

cofferdam in a sequence that minimizes the exposure of readily-transported fines to flowing water.  

1A.2.2 PLACEMENT OF UNCLASSIFIED EXCAVATED 

MATERIALS WITHIN THE RESERVOIR 

Surplus unclassified excavated materials will generally consist of silty clays, sandy silts, silty sands and 

peat; some cobbles and boulders may also be present in these materials. Some of the materials will be 

produced from unclassified excavations along the principal structures and dykes, while others will be 

produced from channel excavations and from reservoir improvement areas (PD SV).  

The principal aquatic objectives with regards to the selection of placement areas inside the dykes of the 

reservoir are to prevent mobilization and release of unclassified materials (as suspended sediments) to the 

aquatic environment and prevent dissolved oxygen (DO) depletion through increased oxygen demand 

associated with organic (peaty) soils. Some of the key general criteria developed to guide the selection of 

placement areas inside the dykes of the reservoir include the following: 
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 Location – consider locations that would not be exposed to high water velocities that could mobilize 

sediments. Maximum velocity for the initial selection of placement areas for further investigation is 

0.3 m/s (assumes minimum particle diameter of 0.02 mm). Internal placement areas should be 

located where they are sheltered from wave action;  

 Peat resurfacing – spread mineral material over peatland types that once inundated have a high 

probability of resurfacing. This would reduce peat re-surfacing and associated high organic sediment 

release; 

 Maximum elevation of a placement site, after receiving unclassified excavated material, including any 

protective caps must be at an elevation that allows for the formation of stable ice cover or be 0.5 m 

or more above the maximum reservoir level; 

 Timing – unclassified excavation material will be put in place ―in the dry‖ prior to reservoir flooding; 

 Armouring – where there is potential for placed material to mobilize due to waves and currents, 

armouring with a minimum thickness of 1 m of unclassified mineral materials is required;  

 DO depletion – peaty/organic materials should not be placed in areas where DO depletion will be 

exacerbated, unless they can be capped with a minimum of 1 m of mineral material. Otherwise it is 

preferable to create terrestrial habitat; 

 Minimum depth below water – where material placements will be entirely submerged below water, a 

minimum depth of 1.5 m of water is required over the site at minimum reservoir elevation (158 m 

above sea level [ASL]) to prevent ice scour; and 

 Maximum velocity over the final grade of the placement areas for stable ice cover formation is 

0.7 m/s. 

The foregoing criteria for the selection of placement areas were used to identify potential placement sites 

within the post-Project aquatic environment of the reservoir, as well as areas outside the dykes that have 

the potential to affect existing surface water bodies. It should be noted that there was a simultaneous 

evaluation of the effects of material placement in the terrestrial environment (PD SV) and the final siting 

of areas reflected both aquatic and terrestrial effects concerns. Final locations are provided in the PD SV, 

Section 6.11.2.3.  

1A.3 KEEYASK OPERATION – MITIGATION 

AND COMPENSATION OPTIONS 

Measures to mitigate the adverse effects arising from the creation and operation of the reservoir have 

been considered and have been incorporated into the design and plans for station operation. These 

include: selection of a maximum normal reservoir level (full supply level [FSL]) that would reduce 

flooded area; construction of dykes to minimize the area flooded; and selection of an operating regime 

that generally limits reservoir water level fluctuation to one metre or less above the minimum operating 

level (MOL).  
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In addition to these major project design features, objectives of planned mitigation and compensation 

activities are to: 

 Create the most diverse and productive habitat economically feasible within the reservoir proper 

(recognizing that this will be a degraded environment in the early years); 

 To the extent practicable, maintain or improve conditions that provide productive fish habitat within 

the backwatered river channel (Birthday Rapids to Gull Lake inlet); 

 Provide for the continued productivity of fish populations in Stephens Lake; and 

 Identify off-site works that could increase the productive capacity of habitat in the area, in particular 

for riverine species. 

1A.3.1 RESERVOIR CREATION 

Predicted impacts of reservoir creation and the means proposed to mitigate adverse effects or 

compensate for harmful effects on fish and fish habitat upstream of the generating station are listed in 

Table 1A-3, and described in the sections that follow.  

1A.3.1.1 Loss of Walleye and Lake Whitefish Spawning 

Habitat 

Habitat that is suitable for walleye and lake whitefish spawning currently exists within the reach of the 

Nelson River between Birthday and Gull rapids (Section 5.3.2.3). Walleye typically spawn over gravel, 

boulder or cobble substrate in water that is less than 2 m deep, while lake whitefish generally spawn over 

substrates ranging from large boulders to gravel and sand in water that is less than 5 m deep. 

Impoundment of the Keeyask reservoir will result in a loss of walleye and lake whitefish habitat due to 

increased water depth over existing spawning sites. Mitigation measures that were evaluated to create 

additional walleye and lake whitefish spawning habitat are discussed in Section 1A.3.1.1.1 and Section 

1A.3.1.1.2. 

1A.3.1.1.1 Rocky Shoal Construction 

The construction of rocky shoals within lacustrine portions of the reservoir would ensure that spawning 

habitat is available early in the development of the reservoir environment. The creation of 

boulder/cobble/gravel habitat would, in addition to providing spawning habitat, also provide rearing and 

foraging habitat, thereby improving habitat diversity within the newly-formed reservoir.  

Biological design criteria for the construction of rocky shoals are provided in Table 1A-4. Potential sites 

were selected at locations where post-project bottom depths ranged between 3–4 m (―shallow sites‖). 

Additional ―deeper‖ sites were identified at locations where post-project water depths would be greater 

than 4 m. These deep locations would not provide optimal lake whitefish spawning habitat, but could 

provide feeding areas. 
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Twenty sites (Table 1A-5, Map 1A-2) were identified for the potential development of shoals (minimum 

surface area of 1,000 m2). Site selection was subsequently refined according to the following criteria:  

 Whether its location is adjacent to known or suspected present-day spawning habitats; 

 How likely it is to be exposed to fine particulate sedimentation post-impoundment (Map 1A-3); and  

 Whether it is a minimum distance of 3 km upstream of the proposed locations of the GS and 

spillway intake structures so as to minimize entrainment and downstream transport of newly hatched 

fish. 

Thirteen sites met these criteria (seven 3–4 m depth sites and six greater than 4 m depth (Table 1A-5, 

Map 1A-4). It is currently planned to develop the seven shallow areas to provide spawning habitat for 

walleye and lake whitefish. 

1A.3.1.1.2 Dyke Surface and Structure Modifications 

Walleye and lake whitefish spawning habitat might also be created through the enhancement of fish 

habitat features at selected locations along dykes in the Keeyask reservoir. This would be done through 

either the placement of gravel and cobble on the surface of the dykes, or the construction of rock groins 

that would project from the dykes at locations that would not compromise dyke function. 

The north and south dykes will provide a linear length of approximately 10 km of sloped shoreline. 

Protective shells of crushed rock and riprap will be applied where required. Typical slopes along the face 

of the dykes range between 1:2 and 1:4. The maximum height of the north and south dykes will be 20 m 

and 13 m respectively.  

Portions of these dykes, preferably where slopes are less steep, could receive a surface treatment of gravel 

or cobble-sized rocks instead of (or in addition to) boulders. This treatment would be designed to 

encourage and sustain spawning, particularly by fall spawners such as lake whitefish and lake cisco. 

Considerations for spawning habitat would include: 

 Level to gradually sloping surface; and 

 Minimum water depth of 3 m below FSL.  

The latter point takes into consideration an anticipated operating reservoir water level fluctuation range 

of 1 m, and allows for at least 1 m of water under ice at full drawdown under winter conditions (assuming 

a 1 m maximum ice thickness and a 1 m drawdown). It should be noted that few locations along the 

dykes meet these depth criteria and most are within 3 km immediately upstream of the GS. 

The vulnerability of locations to sediment deposition was taken into consideration during identification 

of the areas where surface treatments could be applied. Exposure to wave energy and moderate currents 

were additional criteria considered. 

Construction of rock groins extending from the dykes required considerations similar to those for the 

rocky shoals (i.e., built from boulder and cobble interspersed with coarse gravels; slope less than or equal 

to 10%; avoid habitat placement in ice scour zone; and variable hydraulic regime — therefore, build 

based on MOL; see Table 1A-6). 
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1A.3.1.1.3 Recommendation 

Evaluation of the mitigation options concluded that the objective of creating replacement spawning 

habitat for both walleye and lake whitefish is more likely to be successfully achieved through the 

construction of up to seven shoals described in Section 1A.3.1.1.1. The creation of spawning shoals at 

these locations within the newly-formed reservoir is recommended as a priority habitat mitigation 

measure. The spawning shoals would be constructed at, or near to, known and suspected spawning 

locations, thereby improving the likelihood of success.  

Spawning habitat development through dyke surface modifications and construction of rock groins along 

dykes is not recommended, largely because of sedimentation concerns, and the proximity of potential 

development sites with adequate depth and velocity characteristics to the powerhouse or spillway.  

1A.3.1.2 Reduction in Quality of Shallow Water Foraging 

Habitat 

Impoundment of the Keeyask reservoir will result in a large increase in the amount of available shallow 

water habitat, largely consisting of flooded terrestrial vegetation (small trees, bushes and peat; Section 

3.4.2.2). Measures to increase diversity in this shallow-water habitat and to offset the effects of reduced 

aquatic plant cover were examined and evaluated. These mitigation measures included instream 

placement of mineral soils to promote growth of aquatic plants (Section 1A.3.1.2.1), the provision of 

cover through shoreline planting of willows (Section 1A.3.1.2.2) and instream placement of log bundles 

(Section 1A.3.1.2.3).  

1A.3.1.2.1 Development of Shallow-Water Mineral Material Shelves 

The amount of fish rearing and foraging habitat in the newly-formed shallow water areas could be 

increased through the development of mineral material shelves that would promote the growth of aquatic 

plants and increase benthic invertebrate populations. Locations for the development of these mineral 

shelves were identified as shown in Map 1A-2. Selection of locations for potential development took into 

consideration the potential for ice scour, the potential for added benefit in terms of downstream 

proximity to potential spawning shoal sites (Section 1A.3.1.1.1), and existing surface conditions  

(e.g., presence and thickness of peat, existence of bedrock). 

1A.3.1.2.2 Planting of Shoreline Willows  

Rearing and foraging habitat could also be created within the newly-formed shallow water areas by 

planting willow and other native riparian shrub species along new shorelines to increase cover. Potential 

sites were identified as shown in Map 1A-2. Shoreline areas bordering dykes were excluded as they are 

lined with riprap. However, planting willows along the toe of the dyke alignment at some locations could 

be considered, provided the grade is suitable. 
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1A.3.1.2.3 Placement of Log and Brush Bundles 

Bundles of cut trees could be cabled together and anchored in both deep and shallow areas to provide 

additional cover for fish species. Potential locations are along new shorelines where the bundles will not 

be disrupted by peat uplift, and dissolved oxygen conditions would be suitable for fish. Trees used for 

this purpose would be stockpiled during reservoir clearing.  

1A.3.1.2.4 Recommendations 

Measures to increase shallow water habitat diversity were deemed not necessary based on assessors’ 

conclusions (Section 3.4.2.2) that early post-impoundment conditions will be sufficient to support the 

forage fish community, and habitat will evolve in the absence of measures. Specifically, shallow water 

mineral material shelf development is not necessary because shallow flooded areas will develop beds of 

rooted aquatic macrophytes over time. The planting of shoreline willows and the placement of anchored 

log and brush bundles is not necessary because flooded shrubs and patchy uplift of peat will create 

sufficient cover to support foraging fish. 

1A.3.1.3 Loss of Small Tributary Foraging and Spawning 

Habitat 

Several fish-bearing streams which flow into the upper riverine portion of the reservoir will be subject to 

flooding of their lower reaches (Portage, Two Goose, and Nap creeks), and the tributary mouths will 

experience minor daily and weekly fluctuations in water level. The upper reaches of these tributaries will 

be largely unaffected by the hydraulic changes of the Project. The measures that were considered to 

enhance habitat development within the lower portions of these tributaries are outlined in 

Section 1A.3.1.3.1. 

1A.3.1.3.1 Enhancement of Habitat at Flooded Tributary Mouths 

Inundated creek mouths will provide relatively sheltered and shallow habitats, with at least some 

influence from inflowing tributary water. Over time, portions of some of these areas are likely to be 

colonized by aquatic macrophyte communities, thereby creating suitable spawning/rearing habitat for 

select species. Removal of overlying peat veneers at post-impoundment tributary mouth locations prior 

to flooding could promote aquatic plant growth in the post-impoundment environment. 

1A.3.1.3.2 Recommendations 

The stripping-away of peat veneers at tributary mouths was examined and was deemed impractical due to 

the logistical difficulty of stripping away and appropriately disposing of the peat. It is expected that this 

habitat will evolve over time as peat disintegration and uplift expose substrate that permits macrophyte 

growth (Section 3.4.2.2). 

  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 1: INTRODUCTION  1A-9 

1A.3.1.4 Loss of Access to Tributary Streams 

As mentioned in Section 1A.3.1.3, impoundment will result in increased water levels at the downstream 

end of tributary streams in the Keeyask reservoir. At locations where gradient barriers to fish movement 

currently exist in the lower reaches of tributaries, inundation may improve fish access to the upper 

reaches of those tributaries. However, debris created by flooding of the reservoir may accumulate and 

obstruct fish movement into the tributaries. Debris management measures would mitigate this potential 

loss of habitat. 

1A.3.1.4.1 Debris Management at Tributary Mouths 

In order to ensure that fish are able to access upstream habitat in tributary streams, obstructions would 

be selectively and routinely removed from the mouths and lower reaches of creeks that are expected to 

support fish.  

1A.3.1.4.2 Recommendations 

The potential post-impoundment loss of fish access to tributary streams due to debris accumulation will 

be mitigated through the monitoring and removal of debris as described in the Response to EIS 

Guidelines Appendix 4A and Appendix 4B. 

1A.3.1.5 Winter Entrapment of Fish at Little Gull Lake 

Dissolved oxygen (DO) levels in Little Gull Lake currently decrease to near zero over winter, limiting its 

ability to support fish (Section 2.5.2.2, Map 2-18 to Map 2-21). Post-impoundment, large-bodied fish are 

expected to move into this area, as it will be connected to the reservoir. Fish that remain in the area 

following freeze-up would be susceptible to winterkill when the shallow connecting waterways between 

former Little Gull Lake and the main body of the reservoir freeze to the bottom and DO levels in the 

lake decline to near zero. Measures to minimize or avoid the potential winterkill of fish in this portion of 

the reservoir were examined and evaluated. 

1A.3.1.5.1 Channel Construction at Little Gull Lake for DO Maintenance 

Channels of sufficient size (150 m wide) to provide Little Gull Lake with adequate year-round flow to 

maintain sufficient DO concentration to support fish could be excavated from the flooded back-bay 

areas that will separate Little Gull Lake from the reservoir. The increased flow would elevate the winter 

DO concentration in Little Gull Lake to levels that permit the survival of overwintering fish.  

Initial engineering evaluations found that the excavation of the channels of sufficient dimensions to 

provide flow to Little Gull Lake that would ensure fish survival would be a significant construction 

project in which about 1,340,000 m3 of unclassified materials would be excavated from the reservoir. The 

disposal areas needed for these excavated materials would be very large. As well, the need for erosion 

protection along the excavated channels for flows and wave action in the reservoir would require 

assessment. 
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1A.3.1.5.2 Channel Construction at Little Gull Lake for Fish Egress 

The excavation of smaller (approximately 5 m base width) and less costly channels that would allow fish 

to escape to areas with more suitable DO levels was examined as a means of mitigating potential 

winterkill of fish. Evidence concerning the behavioural response of fishes in a northern Wisconsin 

winterkill lake showed that fish species that are intolerant of low DO will move to locations with higher 

DO levels (Magnuson et al. 1985). The excavation of egress channels at the Little Gull lake area (Map 1A-

5) is expected to result in an oxygen gradient that fish would detect, thus enabling avoidance of lower 

than desirable or tolerable DO levels. Channel design was based on the need to maintain connectivity for 

fish between the Little Gull Lake impounded area and the reservoir throughout the winter ice-cover 

period.  

A channel with a base width of 4–6 m and a bottom elevation of 156 m ASL would provide a water 

depth of between 1–2 m below the ice surface depending on reservoir water surface elevation and ice 

thickness. It was concluded that a channel of these dimensions (similar to Looking Back Creek which 

supports winter-season fish movements) would be adequate to support year-round movements of fish to 

and from the Little Gull Lake area.  

Current concepts are preliminary; however, studies conducted to date suggest that construction of the 

channels is feasible.  

1A.3.1.5.3 Recommendations 

It was concluded that the cost to excavate channels large enough to maintain adequate year-round DO 

for fish in flooded Little Gull Lake would be excessive, especially given that the area currently does not 

support overwintering fish. Consequently, the excavation of smaller and less costly channels that will 

allow fish to escape to areas with more suitable DO levels is recommended as the preferred means to 

mitigate the potential winterkill of fish. 

1A.3.1.6 Alteration of Lake Sturgeon Spawning Habitat at 

Birthday Rapids 

Lake sturgeon prefer to spawn at sites where white water is present. Impoundment of the Keeyask 

reservoir will lead to increased water levels at Birthday Rapids (Physical Environment Supporting Volume 

[PE SV]) which will convert the rapids into fast-flowing habitat; it is unknown whether lake sturgeon will 

continue to spawn at this site post-impoundment. Spawning habitat currently present at Long Rapids 

(upstream of Birthday Rapids) will continue to be available post-impoundment and it is expected that 

lake sturgeon will continue to use this area (Section 6.4.2.2.2)). The mitigation and compensation options 

that have been considered for Birthday Rapids are described below. 

1A.3.1.6.1 Creation of Spawning Structures 

Monitoring will be implemented to determine the success of lake sturgeon spawning in the reach of the 

Nelson River between Long Rapids and Birthday Rapids. Should monitoring indicate poor or no 

spawning success, contingency works to create suitable spawning habitat for the maintenance of lake 
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sturgeon in the reservoir would be implemented. One option currently being considered is the addition 

of large boulders/structures at locations slightly upstream of the current spawning site at Birthday Rapids 

to create white water to attract spawning fish. Placement of large boulders in this area would be difficult 

during the construction phase due to lack of access. However, access would be improved during the 

operation period. The design would be such that the structures could not be removed by ice. 

1A.3.1.6.2 Stocking Program 

Concerns have been raised regarding the sustainability of lake sturgeon populations in the Keeyask area 

given current abundance estimates, and it is thought that the Project could add further stress to 

populations that may already be declining (Section 6.3.2.1). As monitoring will be required before 

determining whether lake sturgeon continue to spawn at Birthday Rapids post-impoundment (Section 

1A.3.1.6.1), there is the potential for a temporary reduction in lake sturgeon spawning rates in the 

reservoir during the initial operation of the Keeyask GS. Stocking the Keeyask reservoir with young-of-

the-year (YOY) and juvenile lake sturgeon would help to compensate for any such decrease. 

Stocking rates for three lake sturgeon life history stages (early fry, fall fingerlings and yearlings) were 

developed as described in the Lake Sturgeon Stocking Strategy (Part 2 of this appendix). Plans for the 

Keeyask Reservoir include the stocking of both fall fingerlings and spring yearlings. Monitoring will be 

undertaken to evaluate the relative success of each life stage stocked and to modify stocking rates to 

maximize recruitment. Lake sturgeon fry would also be stocked in years where hatchery fry production 

exceeds rearing capacity. 

1A.3.1.6.3 Recommendation 

Implement monitoring at Birthday Rapids to determine whether lake sturgeon continue to spawn at this 

site. If spawning no longer occurs there, or rates are significantly reduced, spawning habitat enhancement 

measures will be implemented to provide new spawning habitat, if practicable and feasible.  

Implement the lake sturgeon stocking strategy. Stocking is viewed as a necessary and viable component 

of the overall mitigation strategy for lake sturgeon in the Keeyask reservoir (Section 6.4.2.2), and one of 

the impacts it will help to mitigate is the temporary reduction or elimination of spawning at Birthday 

Rapids. 

1A.3.1.7 Alteration of Young-of-the-Year Lake Sturgeon 

Habitat in Gull Lake 

Suitable young-of-the-year lake sturgeon rearing habitat is characterized by sandy/gravel substrate with 

generally planar topography, a low to moderate slope, and slower water velocities. Such habitat currently 

exists upstream of Gull Rapids, north of Caribou Island (44 ha; Appendix 6D), but the water velocity 

changes resulting from impoundment of the Keeyask reservoir is predicted to render this area unavailable 

to YOY lake sturgeon. Measures that were examined and evaluated as a means of mitigating this loss of 

habitat are presented in Sections 3.1.7.1 and 3.1.7.2.  
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1A.3.1.7.1 Creation of YOY Lake Sturgeon Sandy Rearing Habitat 

Predictions of post-impoundment changes to water velocity and related sediment transport conditions 

(Section 3.4.2.2; Map 3-34) suggest there will be a requirement to create compensatory YOY habitat. The 

initial selection of the preferred location for the construction of a sand blanket (Map 1A-6) was based on 

the most likely area where, in the post-impoundment setting, YOY lake sturgeon that emerge from 

spawning locations upstream (i.e., in the Birthday Rapids to Long Rapids reach) would settle to the 

bottom (i.e., in the transition zone of the river and the reservoir [Section 6.4.2.2; Map 3-31 and Map 

3-32]). The selected areas are, as well, located in areas of minimal sediment deposition (PE SV) to 

maximize the success of the sand blanket as lake sturgeon YOY habitat.  

Phased Approach 

Prior to constructing the sand blanket, a monitoring program would be undertaken to determine with 

greater certainty whether or not YOY lake sturgeon find sufficient and suitable rearing conditions in the 

near-term post-impoundment environment. Monitoring would include determination of YOY and 

juvenile lake sturgeon distribution and abundance in conjunction with key parameters of substrate depth, 

and velocity. It should be noted that although sand is widely believed to be an important substrate for 

YOY lake sturgeon, other substrates might also be suitable. Monitoring would also provide more precise 

post-impoundment substrate and velocity data to supplement the modelled results. This information 

would be used to refine locations where sand should be placed, if required. A three-year monitoring 

program would provide sufficient information to determine whether sand placement should be 

implemented.  

If monitoring indicates that sand placement is necessary to create YOY lake sturgeon habitat, then 

placement of a sand blanket as a Phase I pilot program would provide an area of sandy habitat covering a 

20 ha area. This area represents approximately one-half of the existing high suitability area north of 

Caribou Island (Appendix 6D). Subsequent monitoring over one or more years to determine the success 

of the Phase I pilot placement would be necessary before implementing a Phase II sand placement (up to 

an additional 20 ha), which may or may not be adjacent to the pilot placement (Map 1A-6).  

Sand Blanket Material 

Modelling of the erosion potential of sand particles placed at the placement sites suggest that sand 

particles greater than 1.0 mm and less than 2.0 mm in diameter sizes can be used. 

Sand Blanket Thickness 

In order to cover any boulders or cobbles present on the bed of the Nelson River, a sand blanket 

thickness of approximately 0.20 m would be used. 

1A.3.1.7.2 Stocking of Lake Sturgeon in the Keeyask Reservoir 

It is predicted that YOY rearing habitat may be limiting within the reservoir during the initial operation 

of the Keeyask GS (Section 1A.3.1.7.1). Monitoring will need to occur before it can be determined 

whether YOY lake sturgeon can effectively use other types of available reservoir habitat for rearing 

purposes, so there is the potential for temporary disruptions to early life history stages. 
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Stocking effectively improves natural recruitment by ensuring survival through the very young life history 

stages, thereby bypassing a significant portion of mortality that occurs in wild fish populations. In the 

case of the Project, this will be particularly important as suitable habitat for the rearing of YOY lake 

sturgeon may not exist initially in the reservoir. See Section 1A.3.1.6.2 and Part 2 of this appendix for a 

more detailed description of stocking strategies. 

1A.3.1.7.3 Recommendations 

Monitoring would be undertaken post-impoundment to determine suitability and abundance of YOY 

lake sturgeon habitat in the reservoir. Based on results of monitoring, a decision would be made to 

implement construction of up to 40 ha of sandy habitat suitable for YOY rearing. 

Stocking will be implemented to mitigate the temporary disruption to early life history stages that may 

result from YOY habitat loss. 

1A.3.1.8 Reduction in Fish Access to Stephens Lake 

Currently, a low level of incidental movement of adult fish occurs in the downstream direction over Gull 

Rapids (Section 5.3.2.6). Once the Keeyask GS is built, it will alter these movements, as fish moving 

downstream will need to pass via the turbines or the spillway when it is in operation. In the absence of 

upstream passage, fish that move downstream will not be able to return. Options for upstream and 

downstream passage are discussed in Section 1A.3.2.1 and Section 1A.3.2.2. 

1A.3.1.9 Emigration of Sub-adult and Adult Lake Sturgeon 

from the New Reservoir 

Habitat changes that result from the impoundment of the Keeyask reservoir may cause lake sturgeon 

(and other fish species) to leave the area in favour of finding undisturbed habitat (Section 5.4.2.1). Fish 

will be able to swim freely between the reservoir and areas on the Nelson River that are further upstream, 

but in the absence of upstream fish passage, fish that go downstream through the powerhouse (or over 

the spillway during periods of spill) will be unable to return to the upstream reservoir environment. 

Means examined to mitigate this loss of lake sturgeon from the Keeyask reservoir are described in 

Section 1A.3.1.9.1 and Section 1A.3.1.9.2. Upstream fish passage would provide a means for fish that 

have emigrated to return; however, it is not known how many migrants would move to Stephens Lake 

and, if so, whether they would return upstream. This mitigation measure is discussed in Section 1A.3.2.1. 

1A.3.1.9.1 Design of Trash Racks to Exclude Fish 

The potential to decrease the trash rack spacing and reduce losses of fish to the downstream environment 

was assessed and results are summarized below and provided in detail in Attachment 2 of this appendix.  

The currently proposed 16.75 cm clear bar spacing of the Keeyask trash racks will likely not prevent or 

interfere with the downstream movement of the vast majority of fish approaching the racks. Depending 

on their approach trajectory and orientation, some of the largest fish may initially become impinged on 
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the racks. Most of these fish should have the capacity to swim off the racks and move upstream. Some of 

the impinged fish, particularly if their swimming capacity is compromised, may be pushed through the 

bar spaces by the current when trying to move off the rack. A few fish may not be able to swim off the 

racks and, consequently, could suffer severe injuries resulting in death. As a large proportion of the fish 

that may become impinged on the trash racks are expected to be mature individuals actively moving 

downstream, these fish will likely make repeated attempts at passing the Keeyask GS.  

A reduction in the currently proposed bar spacing may result in a reduction in the numbers of fish closely 

approaching the bar racks (increased behavioural exclusion) and an increase in both the 

number/proportion of fish being unable to swim off the rack after initial impingement and becoming 

permanently impinged on the racks or forced through the racks (increased mechanical exclusion, 

potential increase in approach velocities). Overall, fewer fish will likely be entrained into the turbine flow 

than under the currently planned bar spacing. Due to the lack of baseline data, suspected non-linear 

relationships between, for example, bar spacing and impingement rate, the relative frequencies of the 

different outcomes of trash rack encounter are difficult to predict. For example, there is evidence that 

trash rack spacing close to the mean body width of individuals of a target species/population results in 

high impingement mortality (Calles et al. 2010).  

When trying to evaluate design options for a hydroelectric GS to minimize fish mortality, individual 

passage routes should not be considered in isolation; potential rates of injury and mortality have to be 

compared for each passage, to guide decisions on which option(s) will provide the best solution for a 

specific location. Given that over 90% of fish up to 500 mm are expected to survive passage through the 

turbines of the GS (Section 1A.3.2.2), the risk of fish mortality due to impingement as a result of 

narrower trash rack spacing appears greater than the risk of passage through turbines. In addition, 

passage past the trash racks and the turbines is one of the major forms of downstream passage planned 

for the Keeyask GS; therefore, excluding fish through reduced trash rack spacing is not appropriate 

unless other forms of downstream passage are included in the GS design.  

1A.3.1.9.2 Stocking of Lake Sturgeon in the Keeyask Reservoir 

To help mitigate lake sturgeon losses associated with downstream movements through the GS or 

spillway, fall fingerlings and spring yearlings could be stocked into the reservoir. See Section 1A.3.1.6.2 

and Part 2 of this appendix (Lake Sturgeon Stocking Strategy) for the details of this mitigation measure.  

1A.3.1.9.3 Recommendations 

Stocking will be used to mitigate losses to the Keeyask reservoir lake sturgeon population that may result 

from out-migration in response to habitat changes. A reduction in trash rack spacing is not 

recommended due to: (i) risk of increased mortality due to impingement; and (ii) prevention of 

downstream passage (see Section 1A.3.2.2 for a discussion of downstream passage). 
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1A.3.1.10 Increased Lake Sturgeon Harvest 

The construction of access roads and the increased navigability of Birthday Rapids that will result from 

the Project will make it easier to access this reach of the Nelson River, and may result in an increased lake 

sturgeon harvest in the area both upstream and downstream of the GS (Section 6.4.2.2 and 

Section 6.4.2.3). The existing small populations, additional stresses imposed by Project construction and 

operation, and increase in road and boat access will require careful management to avoid over-harvest. 

1A.3.1.10.1 Conservation Awareness Program Development 

A lake sturgeon conservation awareness program developed in consultation with the KCNs would reduce 

the potential for increased harvest due to improved access. Ideally, the program would include Elder 

involvement in its development and implementation.  

1A.3.1.10.2 Recommendation 

A conservation awareness program will be developed to help prevent an increased harvest that would be 

detrimental to the recovery of the lake sturgeon populations in the immediate area of the Project. 

1A.3.2 DOWNSTREAM OF THE KEEYASK GENERATING 

STATION 

The predicted effects of the Project on fish and fish habitat downstream of the GS are described in the 

Section 5.4 and Section 6.4. Potential mitigation measures to address these effects are discussed below 

and the rationale for the selected measures is provided. Measures are summarized in Table 1A-7 and 

described in the sections that follow. 

1A.3.2.1 Loss of Fish Access to Gull Lake 

With the construction of the Keeyask GS, fish in Stephens Lake will lose access to potential spawning 

and foraging habitat upstream of Gull Rapids (Section 5.4.2.3.4). Based on biological and life history 

evaluations of fish species (lake sturgeon, lake whitefish, northern pike and walleye) that do incidentally 

move upstream over Gull Rapids, the provision of access between Stephens Lake and Gull Lake does not 

appear important to maintaining either upstream or downstream populations, provided that sufficient 

suitable habitat exists or will be created in the post-Project up- and downstream environments (Section 

5.4.2.3 and Section 6.4.2.3). Nevertheless, fish passage has been the subject of ongoing evaluation during 

the development of Project mitigation. Lake sturgeon has been the primary focus of the evaluation, given 

that this is the only species where individual fish were documented to move up- and downstream over 

the rapids. 
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1A.3.2.1.1 Preliminary Evaluation – Upstream Fish Passage for Lake Sturgeon 

Early in the design of mitigation, the need for a better understanding of the potential to successfully 

provide upstream passage to lake sturgeon was identified. To that end, the feasibility, conceptual design, 

and likelihood of success associated with engineered and natural structures for upstream and downstream 

passage of lake sturgeon were the subjects of a preliminary evaluation (Peake 2004). The evaluation 

concluded that:  

 Engineered fish ladders would have a low to moderate chance of passing lake sturgeon. Documented 

accounts of lake sturgeon passage in fish ladders were scarce and were only associated with low head 

(less than 4 m) structures; 

 Fish locks would have a moderate to high probability of success. Several cases were documented 

where fish locks have successfully passed lake sturgeon and other species of fish. It was noted that 

fish locks are expensive to construct and maintain, and would require attraction flow; 

 Fish lifts would have a moderate probability of success, would be expensive to maintain, and would 

require attraction flow; 

 A ―nature-like‖ bypass channel would have a moderate probability of success. Additionally , a 

―nature-like‖ bypass channel could also provide compensatory fish habitat; 

 A trap and transport system would have a moderate to high chance of success in passing lake 

sturgeon upstream. A trap and transport system  would require attraction flow and a challenge test to 

ensure only those fish motivated to move upstream were transported; and 

 A capture and transport program would be relatively inexpensive to implement and operate, and 

would be expected to have a high chance of success at moving lake sturgeon upstream of the 

powerhouse. However, capture methods could result in injury and stress, and there would be high 

uncertainty whether or not fish were motivated to move upstream.  

Based on this preliminary evaluation and an interest in evaluating methods of creating productive fish 

habitat, options for a nature-like bypass channel  were developed (Section 1A.3.2.1.2). It should be noted 

that provision of fish passage for sturgeon is an area of on-going research, and the understanding of the 

suitability of various methods of fish passage for lake sturgeon has advanced since the review done by 

Peake (2004). 

1A.3.2.1.2 “Nature-Like” Bypass Channel Options  

Based on work conducted by Peake (2004), further consideration was given to the design and feasibility 

of constructing a ―nature-like‖ bypass channel at Keeyask because of its potential to provide 

compensatory fish habitat in addition to providing potential passage for lake sturgeon and other fish 

species. 

Biological criteria for the design of a ―nature-like‖ bypass channel for lake sturgeon (in addition to other 

fish species) are summarized in Table 1A-8. Six potential options, three on the north bank and three on 

the south bank, were identified. The six alternatives had different entrance and exit locations and 
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consequently different alignments, but overall used the same design criteria. The six alternatives were 

subsequently evaluated (Peake 2008) and the North Bank Alternative 1 was selected as the best option 

for providing passage via a ―nature-like‖ channel and creating fish habitat. This option is discussed 

below. Details of the remaining alternatives can be found in Peake (2008). 

The North Bank Alternative 1 is 5.47 km in length with the upstream exit located at a Freeboard Dyke 

section approximately 3.25 km upstream of the powerhouse and the downstream outflow/entrance 

located near powerhouse releases that could provide an attraction flow. It would traverse 2.60 km of 

land, 2.76 km of an existing creek, and 0.11 km of a small pond. The entrance is located near the 

constructed lake sturgeon spawning habitat, and would need to be constructed in such a way as to not 

interfere with the function of the spawning structure. It is suggested that the over-land section be 

constructed of natural materials. The presence of a small pond within the bypass would increase habitat 

diversity and potentially improve productivity in the reach. The upstream exit is located well above the 

dam, and fish exiting the channel are unlikely to immediately move back downstream past the GS in large 

numbers. 

As discussed in the following section, this option was the subject of further evaluation related to the 

provision of compensatory fish habitat and the requirement for year-round connectivity 

(Section 1A.3.2.1.2.1). 

1A.3.2.1.2.1 Nature-Like Bypass Channel with Compensatory Habitat  

To compensate for habitat loss at Gull Rapids, the North Bank Alternative 1 option would be 

constructed to mimic a natural channel as much as possible, and constructed of natural materials 

wherever possible. The dimensions of the channels and pools, water velocities and the permissible 

vertical-drop-per-riffle would be selected to ensure that target species (lake sturgeon, walleye, lake 

whitefish and northern pike) would utilize the created habitat. As discussed above, fish in Stephens Lake 

do not appear to require access to habitat upstream of Gull Rapids to fulfill their life history 

requirements; therefore, the main function of the channel could be to replace lost riverine habitat, 

although providing support to incidental movements would also be desirable. 

Worldwide, there are many examples of ―nature-like‖ channels that provide both habitat and passage. 

However, these systems have not been constructed in locations that experience the severe winters that 

exist in the boreal regions of Canada. In large systems, ice flows can completely destroy a well-designed 

channel and small bypasses may freeze to the bottom if there is insufficient flow or depth. 

Four possible options of the North Bank Alternative 1 ―nature-like‖ channel, each of which included 

some form of compensation for habitat loss, were considered: 

 Option 1 – requirement for open-water fish passage and provision of open-water habitat, including 

spawning habitat, for fish. Criteria for this option would be based on fish passage and spawning 

requirements plus consideration of additional shoreline work (riparian vegetation planting, instream 

structures) to create habitat diversity. This option appears to be feasible; 
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 Option 2 – requirement for provision of open water habitat for fish (as above) but provides no 

requirement for fish access to the upstream reservoir. This option appears to be feasible. However, 

there may be more cost-effective ways of achieving habitat creation; 

 Option 3 – requirement for fish passage and provision of year-round habitat for fish. Similar to 

Option 1 but would provide sufficient flow in winter to prevent ponds from freezing out. This 

option appears unfeasible (see below); and  

 Option 4 – requirement for provision of year-round habitat for fish (as in Option 3) but provides no 

requirement for fish access to the upstream reservoir. This option appears unfeasible (see below). 

The design and maintenance of a channel to provide both open-water and winter habitat, combined with 

the uncertainty of its success, rendered Options 3 and 4 unfeasible. Such a channel would require enough 

depth and flow during the winter to allow for the formation of a stable ice-cover, and these conditions 

would render the channel less suitable for summer habitat. The creation of a deeper channel could also 

result in the loss of attraction flow in summer. Moreover, there is a high degree of uncertainty as to 

whether such a channel would succeed, as winter habitat criteria have not yet been met anywhere else in 

the world. 

The use of a nature-like channel as fish habitat has raised concerns due to challenges associated with 

managing channel shut down to avoid significant mortality of resident fish. As a result, the option of a 

bypass channel designed to also provide foraging/spawning habitat for a variety of fish species was not 

pursued further as a method of providing fish passage.  

The next phase of the fish passage evaluation focussed on the development of a method of fish passage 

that was guaranteed to move fish, in particular lake sturgeon, upstream. As described below, a phased 

approach is being implemented, with trap/catch and transport program selected as the initial option, 

given the high probability of successfully moving fish upstream.  

1A.3.2.1.3 Trap/Catch and Transport Fish Pass System for Lake Sturgeon and 

Other Species 

Based on several meetings and discussions with DFO, the Partnership has made a commitment to 

implement fish passage for the Project. The intent of fish passage would be to maintain existing 

connections between upstream and downstream populations in order to mitigate the uncertainty with 

respect to the function and importance of these movements. As identified in the review by Peake (2004) 

and re-iterated by more recent (2011) studies administered by Manitoba Hydro, there are many 

uncertainties in designing passage for non-migratory species, in particular lake sturgeon. It was noted 

during discussions with DFO that providing fish passage may be counter-productive because: a) fish 

moving upstream will encounter a reservoir rather than a riverine environment and may decide to move 

back downstream through the turbines, resulting in some fish mortality; and b) that moving lake sturgeon 

upstream may further deplete the small stock of lake sturgeon in Stephens Lake. Therefore, a 

precautionary, phased approach is being implemented, with the initial phase consisting of a manual 

trap/catch and transport program. In advance of the second phase, an evaluation of other methods of 

fish passage will be conducted as described in Section 1A.3.2.1.4.  
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The following will be conducted in the initial phase: 

 Undertaking a trap/catch and transport program for upstream fish passage for key fish species, 

including lake sturgeon, coincident with the in-service date of the Project. Fish will be captured using 

a trap or other method, and transported to an upstream location(s) by truck and boat; 

 Monitoring the results of the trap/catch and transport program, fish movements, and fish 

populations to determine the need for adjustments to the program to provide the greatest benefit to 

fish populations. Monitoring results will be reviewed with DFO and MCWS and decisions with 

respect to the species and number of animals to be transported, as well as the timing of transport, 

would be made jointly; and 

 Designing and constructing the GS in a manner that would allow it to be retrofitted to accommodate 

other upstream and/or downstream fish passage options, if required, in the future. 

Trap/catch and transport was selected as the preferred method of fish passage to be implemented at the 

Project in-service date for the following reasons: 

 The selected method had to move lake sturgeon and other species upstream past the GS. Lake 

sturgeon are not know to have moved up any structural fishways of the size that would be required at 

the Keeyask GS, therefore a method that does not rely on fish swimming for a prolonged period was 

required; 

 Given the uncertainties regarding the locations where sturgeon and other species of interest would 

congregate below the station, monitoring of fish movements will contribute to the design of the 

location of the long-term fish passage facility; 

 Trap/catch and transport will allow operators to determine which individual fish to pass. In 

particular for lake sturgeon, the Stephens Lake population is very small and vulnerable to the loss of 

adults and sub-adults. A targeted approach (e.g., only moving sturgeon upstream if they were 

originally tagged in upstream waters) could be applied;  

 The capture system could be employed in a manner to avoid disrupting life history functions. For 

example, it is expected that lake sturgeon and other fish species would congregate downstream of the 

GS in spring to spawn in available habitat. Successful spawning will be required to maintain fish 

populations in Stephens Lake and, therefore, a decision could be made not to transport mature adults 

upstream during the spring spawning period;  

 Fish that are transported upstream could be moved to suitable habitat. For example, the deep 

reservoir environment immediately upstream of the GS may not be highly suitable for many of the 

fish found at the tailrace of the GS, and a trap/catch and transport system could be used to move 

them into more suitable parts of the reservoir; and 

 Fish that are collected and transported would be at less risk of harm than those in a fish pass that 

requires them to swim a considerable distance. 
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The trap/catch and transport program will be implemented when the first units of the station begin to 

operate. The method that will be used to capture fish is currently being evaluated and a variety of 

methods may be tested. Fish that are transported will be tagged and movements will be monitored to 

provide information that will be used in the evaluation of fish passage alternatives described in 

Section 1A.3.2.1.4.  

1A.3.2.1.4 Evaluation of Alternatives to Identify a Long-term Method of Fish 

Passage 

As discussed in the PD SV, to assist in the long-term assessment of fish passage options, an analysis of 

alternatives will be undertaken. The Partnership will work closely with DFO and MCWS during this 

process. 

There are three main components to fish passage including the collection of fish moving upstream, 

upstream passage and downstream passage. Upstream collection defines the ability to attract and collect 

fish from the Nelson River downstream of the GS. Upstream passage defines the means to move fish 

from a fish collection facility to a release site upstream of the dam. As discussed in Section 1A.3.2.2, the 

selected option for downstream passage for the Keeyask GS is via the turbines and spillway. The 

implementation of other downstream passage alternatives will be considered if monitoring indicates that 

the selected passage method is impeding downstream movements or is associated with unacceptable rates 

of injury and mortality.  

Alternatives that will be evaluated for long-term upstream fish passage include trap/catch and transport, 

fish lock/lift, nature-like bypass channel, and fish ladder. These are being designed and evaluated based 

on criteria such as fish biology, engineering, operation and maintenance requirements, ATK, stakeholder 

and regulatory input, cost, and benefit. 

 

Biological information pertaining to Nelson River fish species will be an important input to the 

evaluation of fish passage alternatives for the Project. Biological information pertinent to the type, 

location, timing, and sizing of fishway components includes target species and life stages, timing of fish 

movements, fish size and abundance, movement behaviour and patterns, and fishway hydraulic design 

criteria.    

As discussed above, lake sturgeon is the primary target species when designing and evaluating the long-

term fish passage alternatives. The physical and hydraulic characteristics of the Project site and lake 

sturgeon swimming capabilities and behaviour will be evaluated to develop alternatives that provide the 

highest likelihood of passing lake sturgeon. Other species such as walleye, northern pike, and lake 

whitefish will also be considered through discussions with DFO and MCWS Fisheries Branch. 

Modifications to fish passage alternatives for species other than lake sturgeon will be considered insofar 

that these modifications do not significantly impact expected passage performance for lake sturgeon.  
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1A.3.2.1.4 Recommendations 

A trap/catch and transport system will be implemented at the in-service of the Project. The details of the 

design and operation of this facility will be determined in discussions with DFO and MCWS over the 

next number of years.  

Numerous long-term fish passage alternatives will be evaluated using a multi-criteria decision-making 

process that applies various social, economic, environmental and engineering criteria to break down 

alternatives into discrete elements for comparison, evaluation and organization. Review of the evaluation 

of alternatives will take place with the fish passage expert consultants and input from the KCNs, 

stakeholders and regulatory agencies. 

It is anticipated that a decision on long-term fish passage will be made five years after the Project in-

service date in consultation with DFO and MCWS. 

1A.3.2.2 Reduction in the Number of Fish Entering Stephens 

Lake from Upstream 

In the absence of a dedicated downstream fish passage structure in the Keeyask reservoir, fish would still 

be able to move downstream through the turbines and over the spillway (when in operation). This route 

past the GS can lead to fish injury and mortality (Section 6.4.2.2), but this can be mitigated through 

specific design modifications. The measures that were considered in order to reduce the instance of fish 

injury and mortality as a result of passage through turbines include the provision of a downstream fish 

pass system (Section 1A.3.2.2.1) and the use of a modified turbine design to reduce mortality and injury 

(Section 1A.3.2.2.2).  

1A.3.2.2.1 Provide Downstream Fish Passage  

Considerable effort and cost has gone into optimizing the turbine design to reduce fish mortality and 

allow some fish to move downstream (Section 1A.3.2.2.2). The concept of downstream fish passage will 

be investigated if long-term monitoring results demonstrate installation is warranted. 

1A.3.2.2.2 Modified Turbine Design 

Due to the potential for injury and mortality of fish as they pass downstream through turbines, a number 

of variables were considered in the selection and development of turbines for the Keeyask GS to 

minimize the risk of injury and mortality. These variables include the number, alignment, and shape of 

stay vanes and wicket gates, clearance at the wicket gates and runners, wicket gate overhang, number of 

blades, blade leading edge thickness, blade trailing edge (related to turbulence), rotation rate, runner 

diameter, blade speed, and absolute lowest pressure.  

The use of a fixed blade vertical shaft turbine design for the Keeyask GS results in several advantages for 

fish passage survivability compared to other turbine styles. The fixed blade pitch of the vertical shaft 

units allows for the gap between the runner blades and the discharge ring to be minimized, reducing the 

likelihood of fish impingement and injury. The low rotational speeds associated with large diameter 
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vertical shaft turbines also result in greater fish survivability. To reduce the risk of striking or 

impingement injuries, runner blades incorporated a thicker rounder leading edge, the gaps between 

wicket gates and both the bottom ring and head cover were minimized, and the wicket gate overhang was 

minimized. To reduce turbulence levels experienced by fish passing through the turbines; the runner 

blades incorporate a thinner trailing edge, units will operate at best gate whenever possible, and the shape 

of the draft tubes incorporate large sweeping radii. These are all known to improve the probability of a 

fish passing through a turbine without incurring significant injury or mortality.  

This is the first time that Manitoba Hydro has included these variables relevant to fish survival as part of 

the evaluation in the initial turbine design selection process, and as a priority for further turbine design 

development. Although there are many variables to consider beyond those relevant for fish survival 

(particularly efficiency and cost), the objective for the Keeyask GS turbines is to achieve a minimum 

survival rate of 90%. Based on the Franke formula (Franke et al. 1997) for estimating the probability of 

survival of fish passed through turbines, fish up to 500 mm passing through the Keeyask turbines will 

have a survival rate of over 90%. Additional information on turbine selection and estimation of 

injury/mortality is provided in Attachment 1. 

1A.3.2.2.3 Lake Sturgeon Stocking in Stephens Lake 

Concerns have been raised regarding the sustainability of lake sturgeon populations in Stephens Lake 

given current abundance estimates, and it is thought that the development at Keeyask may add further 

stress to this population (Section 6.4.2.3). It is known that lake sturgeon currently move downstream 

from Gull Lake into Stephens Lake over Gull Rapids at a low frequency, and these individuals may 

currently be supplementing the Stephens Lake population (Section 6.3.2.7). In addition, it is possible that 

some larvae and YOY from the eggs that are laid at Birthday Rapids currently wash down through Gull 

Lake and Gull Rapids into Stephens Lake, where they develop into mature fish. After the Keeyask GS is 

built, fish from Gull Lake will no longer be able to freely swim downstream into Stephens Lake, and 

reduced velocities in Gull Lake as a result of reservoir impoundment will decrease the likelihood that 

larvae hatched at Birthday Rapids will wash downstream into Stephens Lake. In an effort to increase the 

size of the overall lake sturgeon population in Stephens Lake, and to mitigate the reduced number of lake 

sturgeon additions from Gull Lake, fall fingerlings and spring yearlings could be stocked into Stephens 

Lake. Lake sturgeon fry would be stocked in years where hatchery incubation success exceeds rearing 

capacity. 

Stocking rates for three lake sturgeon life history stages (early fry, fall-fingerlings and spring yearlings) 

were developed as described in the Lake Sturgeon Stocking Program (Part 2 of this appendix). 

Monitoring would be undertaken to evaluate the relative success of each life stage stocked and to modify 

stocking rates to maximize stocking returns. 

1A.3.2.2.4 Recommendations 

Downstream passage will be provided via the turbines and spillway (when it is in operation). Post-Project 

monitoring may indicate the need for another form of downstream passage. 
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Stocking is viewed as a necessary and viable component of the overall mitigation strategy for lake 

sturgeon in Stephens Lake and the Lower Nelson River in general. It will serve to increase the current 

population levels in Stephens Lake, and post-impoundment it will help to mitigate the decreased input of 

lake sturgeon from Gull Lake.  

1A.3.2.3 Loss of Spawning Habitat at Gull Rapids 

Gull Rapids currently provides important spawning habitat for a number of fish species that live in 

Stephens Lake, including walleye, lake whitefish, and lake sturgeon (Section 5.3.2.4 and Section 6.3.2.4). 

Currently, Gull Rapids provides the only known spawning habitat for lake sturgeon in Stephens Lake. 

Once the Keeyask GS is built, Gull Rapids will cease to exist and there are no additional sets of rapids 

within the reach of the Nelson River between the proposed Keeyask GS and the Kettle GS. Alternate 

spawning locations are available for other species in Stephens Lake (lake whitefish and walleye); however, 

loss of Gull Rapids habitat will reduce spawning potential in the lake for these species as well. 

1A.3.2.3.1 Creation of Artificial Spawning Habitat Downstream of the 

Powerhouse 

The creation of artificial spawning habitat downstream of the powerhouse would ensure that lake 

sturgeon spawning habitat is available following development of the Project. Currently, the creation of 

spawning habitat in proximity to where it exists today appears to have the greatest probability of success. 

This spawning habitat would be designed specifically to attract lake sturgeon, but it could also be used by 

other species that spawn under similar conditions. 

In addition, the spawning structures would provide habitat suitable for colonization by benthic 

invertebrates that inhabit high velocity rocky habitats, and will thereby partially compensate for the loss 

of foraging habitat in Gull Rapids.   

Design Criteria 

Criteria for the construction of lake sturgeon spawning habitat (Table 1A-9) are based on successful 

spawning structures that have been constructed for lake sturgeon in Québec and Russia (Verdon and 

Gendron 1991; DuMont et al. 2009 in LeHaye et al. 1992; Kerr et al. 2011). HSI modelling indicates that 

existing suitable spawning habitat within and below Gull Rapids tends to be found along the edges of the 

main channel (Section 6.3.2.3). The spawning structure is proposed to be built on the north shore of the 

river below the powerhouse tailrace in order to ensure adequate and reliable flow and to be situated 

where lake sturgeon moving upstream in low velocity habitat along the river’s edge would locate it. 

Final Design Plans/Considerations 

Design and evaluation of the spawning structure required detailed hydraulic modelling, and was 

conducted using a stepwise process.  

The initial concept that was evaluated involved the creation of 3 ha of sturgeon spawning habitat along 

the north shore, north and east of the powerhouse tailrace for base loaded operation of four to seven 

units. Spawning habitat location, details and configuration of the boulder cluster microhabitats are shown 
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in Figure 1A-1 and Map 1A-7. Key features to this spawning habitat are a minimum substrate thickness 

of 0.6 m (with 0.1 m to 0.6 m diameter rock) and water depths of 1 m to 10 m. Under this initiative, 

micro spawning sites will be created by placing three (1 m to 2 m) boulders in V-shape (upstream 

chevron) clusters as shown in Figure 1A-1.   

Depending on Stephens Lake elevation and the Keeyask GS unit discharges, results of hydraulic 

modelling indicate that the area of spawning habitat, as defined by the criteria, ranged from 1.4 to 3.0 ha 

for discharges of 2,200 m3/s (four units) to 4,000 m3/s for (seven units). These areas overlap with each 

other (i.e., the 1.4 ha area is contained within the 3.0 ha area), suggesting that under operational 

conditions of four to seven units there will be a constant 1.4 ha that meet the prescribed suitability 

criteria. The amount and location of spawning habitat area that meets the aquatic habitat criteria are also 

dependent on the elevation of Stephens Lake. Sturgeon eggs that are distributed over areas that are 

inconsistently exposed to optimal velocities may experience lower incubation success owing to reduced 

water circulation in the interstices of the spawning substrate, and hence reduced oxygenation. The 

changes in water depth that accompany these sub-optimal velocities would be unlikely to affect 

incubation success.  

The second concept expanded the evaluation to consider peaking operation of two units to seven units, 

and a phased approach to the placement of spawning habitat (Map 1A-8A and Map 1A-8). The design 

identified during the first concept was modified to include refinements to the north wall of the 

powerhouse tailrace channel to incorporate a slope in the channel and a bench along the north end of the 

tailrace channel near the powerhouse parking lot as shown in Figure 1A-2. These design modifications 

were included as studies at the Pointe du Bois GS have found that, under some flow conditions, sturgeon 

move into the tailrace channel and that quiet waters next to turbulent fast flow create preferred 

microhabitats. The changes to the vertical wall of the tailrace channel are meant to guide sturgeon that 

move upstream past the constructed spawning structure to an area of suitable substrate for spawning. In 

addition, the potential to create more suitable substrate for spawning by leaving remnants of the 

cofferdam, or side-casting, was evaluated (Map 1A-8A). Due to the hydraulic effects of the cofferdam 

remnants, leaving a substantial amount of material is not feasible. However, where practical, coarse 

materials from the remnants of the tailrace summer level cofferdam may be spread to create conditions 

attractive to spawning fish in areas where interference with the outflow from the GS will not be a 

concern. 

At the project in-service date, spawning habitat available to sturgeon downstream of the GS will consist 

of the modified north bank of the tailrace channel, the first phase of the constructed spawning habitat 

(up to 5.3 ha), and areas where coarse material remains from cofferdam removal/side-casting (see Map 

1A-8A). Use of these areas by spawning sturgeon will be monitored and, if a requirement for other 

spawning habitat is identified (e.g., if conditions in the initially created habitat are not suitable), then 

additional habitat will be constructed in a phased approach. Potential areas downstream of the GS 

adjacent to the initially created habitat have been identified based on hydraulic modelling (creating up to 

15.9 ha of spawning habitat); however, actual locations would be adjusted depending on site-specific 

conditions and responses of sturgeon to the flows downstream of the GS. 
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The area of spawning habitat that meets the design criteria is dependent on the discharge through the 

powerhouse and the water elevation of Stephens Lake. For example, the first phase provides 0.4–4.7 ha 

for discharges of 1,100 m3/s (two units, 1 and 2) to 4,000 m3/s (seven units) respectively, while the third 

phase provides approximately 3.0–7.9 ha for these same discharges.   

During the spawning period, the operation of the Keeyask GS will be modified such that flow from the 

two northernmost units is continuous to maintain appropriate hydraulic conditions over the spawning 

structure. In addition, monitoring will be required to determine if the cycling mode of operation 

adversely affects the behaviour of spawning fish. As long as drawdowns on Stephens Lake do not cause 

spawning habitat velocity and depth criteria to be violated, it is unlikely that the operation of the Kettle 

GS would have to be modified.  

1A.3.2.3.2 Spawning Habitat Within and Downstream of the Spillway 

In addition to artificial spawning habitat downstream of the powerhouse, consideration was given to 

wetting existing spawning habitat at the lower end of Gull Rapids through operation of the spillway. 

There is considerable uncertainty in the bathymetry for the area downstream of the spillway. 

Consequently, the amount of flow required to create functional spawning habitat in this area will remain 

poorly understood until the GS is operational.  

When total river discharge exceeds powerhouse discharge capacity the provision of spawning habitat 

below the spillway would have no operational cost. However, when total river discharge is less than the 

powerhouse discharge capacity this measure may be quite costly depending on the amount of water that 

would be discharged through the spillway, the duration of spill and the frequency of (e.g., annual) spill.  

1A.3.2.3.3 Construction of a Lake Whitefish Spawning Reef Downstream 

Towards Stephens Lake 

Lake whitefish currently spawn in the South Moswakot River, Gull Rapids (Section 5.3.2.3 and Section 

5.3.2.4) and Ferris Bay (Michaluk et al. 2011). The creation of a lake whitefish spawning reef at a location 

along the south shore of Stephens Lake (Map 1A-9) is being evaluated to mitigate the effects of the loss 

of lake whitefish spawning habitat at Gull Rapids. Design criteria for the spawning reef (Table 1A-10) 

suggest a minimum 1,000 m2 area of spawning habitat be created, with depths of 1.5–2.5 m below the 

Stephens Lake minimum operating level and depth-averaged velocities between 0.2–1.0 m/s. 

Alternative methods have been identified regarding accessibility to the spawning shoal location and 

construction methods. Due to the dynamic nature of the shoreline and bathymetry along the south side 

of this reach, the depths will need to be confirmed during the final design phase and possibly 

post-Project just before installation. Collection of velocity measurements near the proposed lake 

whitefish spawning habitat area in the post-Project environment will be needed to determine the 

optimum location for the spawning shoals. 

1A.3.2.3.4 Provide Upstream Fish Passage 

Provision of upstream fish passage may provide additional opportunities for spawning fish to access 

spawning habitat upstream of the generating station (Section 1A.3.2.1). However, it appears unlikely that 
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fish produced at spawning sites in the Keeyask reservoir (e.g., Birthday Rapids) would provide a 

substantial contribution to the population in Stephens Lake, given the presence of the large and deep 

lower section of the Keeyask reservoir. Therefore, this is not considered a useful approach to mitigating 

the effects of lost spawning habitat. 

1A.3.2.3.5 Recommendations 

It is recommended:  

 To construct artificial lake sturgeon spawning habitat downstream of the powerhouse. This habitat 

constructed close to existing spawning habitat has a greater probability of success than more distant 

locations; and 

 To construct additional spawning habitat for lake whitefish in Stephens Lake. 

Operation of the spillway annually to wet spawning habitat in Gull Rapids is not recommended; however, 

such habitat may be used in years that the spillway is operating. 

1A.3.2.4 Loss of Fish Habitat at Gull Rapids and Loss of Access 

to Gull Rapids Creek 

When the Keeyask GS is constructed, the south channel of Gull Rapids will be dewatered resulting in the 

loss of foraging habitat and the likely elimination of northern pike and white sucker access to both 

foraging habitat and possible spawning habitat in Gull Rapids Creek (Section 5.4.2.3). Access up into the 

creek currently appears variable from year to year depending on water levels in Stephens Lake and the 

creek itself, Nelson River flow, and the presence or absence of ice at the mouth of the creek during the 

upstream migratory period in spring.  

Conceptual plans to mitigate effects of the potential loss of access to the creek, as well as maintain some 

of the dewatered riverbed as wetted habitat, were developed and evaluated. The first concept was the 

construction of a channel that would maintain connectivity between the creek and Stephens Lake 

(Section 1A.3.2.4.1). The second concept provided more wetted habitat in the dewatered riverbed, as well 

as providing access to the creek and improving habitat in the creek itself (Section 1A.3.2.4.2). 

 

1A.3.2.4.1 Construction of an Artificial Stream along the South Shore of Gull 

Rapids 

The constructed channel would be designed to provide fish access from Stephens Lake to Gull Rapids 

Creek and to provide productive fish habitat over the approximate 1.5 km distance from the creek mouth 

to the permanently wetted area downstream of the dam and tailrace (Map 1A-10). It would mimic natural 

conditions as much as possible and would provide spawning habitat in the spring, and nursery and 

rearing/foraging habitat during the remainder of the open-water season.  

Design Considerations 
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The elevation change across the reach is estimated to be up to 8 m and existing substrate is likely 

bedrock, possibly with some boulders and other coarse material in lower-velocity areas. 

Design objectives for the construction of the connecting channel are as follows: 

 Create rapids habitat to support fish spawning/feeding (including invertebrate production) to help 

offset the loss of Gull Rapids; 

 Provide access to Gull Rapids Creek for spring spawning fish such as northern pike and sucker 

(currently the creek is not accessible in many years due to ice/water level conditions; providing access 

will serve to offset losses of creek habitat within the reservoir); and 

 Create lake sturgeon spawning habitat at the base of the channel to supplement proposed spawning 

habitat creation associated with the generating station structures (Section 1A.3.2.3.1 and Section 

1A.3.2.3.5).  

Conceptual design considerations were based on the following requirements:  

 Create a small river environment with a channel approximately 10 m wide with a series of riffles, 

glides and pools; 

 Riffles should be at least 0.75 m deep with a peak velocity of approximately 1 m/s and areas of lower 

velocity; 

 Riffles should be interspersed with deeper glides and pools. To avoid producing extensive low 

velocity areas, consider use of alternating groins for glide sections; 

 Some portion of the habitat should have suitable spawning conditions for walleye (see examples in 

Newbury and Gaboury [1993]). In Manitoba, riffles for walleye generally have a 0.3 m height in the 

center and 0.6 m height at the banks, with a 4:1 front slope and a back slope ranging from 20:1 to 

40:1; 

 Some portion of the habitat (as far downstream as possible) should have suitable conditions for lake 

sturgeon spawning. Suggested criteria based on estimates for the Landing River are: 

o Channel width of 8–10 m; 

o Depth of 0.75–1.5 m; and 

o Spawning riffles 30–40 m long with velocities of 0.5–1.0 m/s. 

The channel would be designed to support upstream and downstream fish movements in the spring. The 

following criteria were considered:  

 Stream hydraulics below the designated lake sturgeon spawning area should meet criteria for sturgeon 

passage, and upstream of this point stream hydraulics should meet criteria for other species; 

 Minimum depth of 1 m for lake sturgeon, 0.6–0.8 m for other species; 

 Average slope of less than 1:30 for the whole channel; 
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 Average velocity of 0.4–0.6 m/s is suitable for large-bodied fish. Include low-velocity refugia that 

would be suitable for juvenile and small-bodied fish; 

 Water velocity should not exceed 1 m/s, and 1 m/s flow should not occur for more than 20 m at a 

stretch; 

 Attraction velocity of 0.6–0.9 m/s; and 

 Entrance with a slope of less than 1:8 and continuous with the river-bottom.  

Final designs would only be possible when the area is dewatered and site conditions can be assessed. 

1A.3.2.4.2 South Side Enhancement Project 

The South Side Enhancement (SSE) concept is an alternative approach to compensating for the loss of 

fish habitat below the south dam and for providing fish access to Gull Rapids Creek. The SSE concept 

would maintain foraging habitat at Gull Rapids, provide access to Gull Rapids Creek, and enhance habitat 

within the creek itself.  

Concept Description 

The SSE concept would involve construction of six low head dams and weirs to maintain wetted habitat 

over a large portion of Gull Rapids south channel that would be dewatered by the generation project 

(Map 1A-11). Shorelines would be enhanced with mineral soils and plantings to create riparian habitat 

and provide cover for fish. Four rocky ramp fishways would be constructed to provide upstream and 

downstream access for species such as northern pike and sucker to both Stephens Lake and Gull Rapids 

Creek to increase the range of fish species and life stages that could access this habitat. There is a risk that 

the passage structures could freeze up during the winter. This will need to be addressed during the final 

design stage. Excavation of three over-wintering pools for fish would also be required. 

A discharge control structure built into the south dyke would typically maintain a flow of1 m3/s to Gull 

Rapids Creek, which would flow to the SSE area. The discharge would be required year round for the 

mitigation measure to be effective.  

The mitigation measures also include enhancements to Gull Rapids Creek, which would entail removing 

floating peat to open up the waterway and improve the quality of fish habitat. . 

Adding flow to Gull Rapids Creek would improve the quality of the fish habitat, which is currently 

marginal.  

1A.3.2.4.3 Recommendations 

The creation of an artificial stream along the south channel of Gull Rapids to provide additional 

spawning habitat and mitigate the loss of access to Gull Rapids Creek by large-bodied fish as described in 

Section 1A.3.2.4.1, is not recommended. This concept was not recommended because other more 

promising opportunities to provide spawning habitat have been evaluated and recommended and the 

benefit of providing access to Gull Rapids Creek is marginal due to extremely low flows in the creek.  
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Construction of a stream/pool system along south channel of Gull Rapids, including the provision of 

flow year-round from the reservoir through Gull Rapids Creek would provide greater benefit to fish 

production, as areas in Gull Rapids Creek as well as the dewatered riverbed will be available 

(Section 1A.3.2.4.2). Final design and construction would only be possible once the area is dewatered and 

site conditions can be assessed. Whether or not this measure is implemented will depend on discussions 

with DFO and MCWS in terms of the suitability of this project for meeting fish habitat compensation 

objectives.  

1A.3.2.5 Deposition of Silts over Lake Sturgeon Rearing 

Habitat in Stephens Lake 

A lack of sufficient YOY and early juvenile lake sturgeon habitat downstream of the Keeyask GS would 

limit the success of constructed spawning habitat (Section 1A.3.2.3.1) and potentially the success of the 

proposed stocking program (Section 1A.3.2.2.3). 

Current assessment indicates that sediments will not deposit in the area thought to provide YOY rearing 

habitat in Stephens Lake. Nevertheless, measures to mitigate potential alteration or loss of lake sturgeon 

rearing habitat due to siltation effects will be evaluated following construction of the Keeyask GS.  

1A.3.2.5.1 Creation of YOY and Early Juvenile Lake Sturgeon Habitat in 

Stephens Lake 

Post-project monitoring will be conducted to determine whether sufficient lake sturgeon rearing habitat 

exists downstream of the lake sturgeon spawning structures, and if it does not, new suitable habitat will 

be created. 

1A.3.2.5.2 Stocking Yearling Lake Sturgeon in Stephens Lake 

If post-Project monitoring indicates that there is a lack of YOY and early juvenile lake sturgeon rearing 

habitat in Stephens Lake, then stocking of lake sturgeon spring yearlings (see Section 1A.3.2.2.3 and 

Part 2 of this appendix for more details)  would help to make up for any potential disruption before new 

habitat is constructed and proven effective.  

1A.3.2.5.3 Recommendations 

Post- Project monitoring will be undertaken to determine the requirement for creating suitable rearing 

habitat for YOY and juvenile lake sturgeon in the reservoir.  

Stocking of spring yearling lake sturgeon will be used to help mitigate potential temporary loss of the 

potentially limiting existing YOY habitat in Stephens Lake.  

1A.3.2.6 Potential for Fish Stranding 

Changes to water levels downstream of the powerhouse or spillway following cessation of a spill have the 

potential to strand fish in isolated pools (Section 3.4.2.3). These fish are at risk of mortality due to 
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increased water temperatures and depletion of dissolved oxygen. Measures being considered in order to 

prevent this stranding are discussed below. 

1A.3.2.6.1 Measures to Allow for Escape from Pools 

The collection of bathymetric data in the south channel of Gull Rapids has been limited due to high 

velocities in this area. As a result, the location of any potential isolated pools and the alignment of the 

proposed excavated channel to allow fish egress will need to be determined once the Powerhouse is 

operational and the Spillway is closed, thus allowing bathymetric data to be obtained. Construction is 

most likely to occur during the operation period in late fall or early winter when low flow is expected to 

occur and the spillway is most likely not operating. The rock will be excavated by drilling and blasting 

using dynamite and will be side cast into adjacent low-lying areas on the river bottom outside the zone of 

influence of the Spillway discharge. 

Regular inspections of the channel will be carried out to ensure that debris that may come from spillway 

release, or from Stephens Lake, does not block fish movements. 

Initial design concepts include approximately 1,000 m of channels that are of 2 m wide by 2 m deep to 

permit fish access to Stephens Lake. 

1A.3.2.6.2 Recommendations 

Plans will be further developed post-Project to design connectivity between the spillway discharge 

channel, pools and Stephens Lake. 
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Table 1A-1: Timing and temperatures associated with fish species spawning and fry 

presence in the Keeyask area 

Biological and 

Environmental Parameter 
Northern Pike Walleye White Sucker Lake Whitefish 

Spawning temperature from 

literature 
4.4–11˚C1 4–11˚C1 10˚C1 5–10˚C2 

When these temperatures 

occur in study area3 

Late May –  

early June 

Late May –  

early June 
Early June 

Mid-September – 

early October 

Water temperature when ripe 

fish captured in study area 
9–17˚C 9–17˚C 7–17˚C 3–8˚C 

Time of year ripe fish 

captured in study area 

25 May –  

28 Jun 

25 May –  

27 Jun 

27 May –  

15 Jun 

25 Sep –  

14 Oct 

Water temperature when 

larvae captured in study area 
15–18˚C 15–21˚C 13–21˚C 3–19˚C 

Time of year when larvae 

captured in study area 

18 Jun –  

19-Jul 

13-Jun –  

19 Jul 

12 Jun –  

23 Jul 

24 May –  

17 Jul 

1. Scott and Crossman (1998) 
2. Stewart and Watkinson (2004) 
3. Includes both the Nelson River mainstem between Birthday Rapids and Gull Rapids and Stephens Lake. 
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Table 1A-2: Timing of in-water work to avoid or minimize potential for interactions with sensitive spawning periods. 

Estimated month(s) of work is shown and subject to change 

Structure 
Early 
Planning 

Adjusted 
Scheduling 

Likelihood of 
Spawning 

Disturbance Comments 

Spring Fall 

Quarry Cofferdam 

Construction 
April 

Mid- to late 

July 
No No Later start to avoid spring spawning. 

North Channel Rock Groin 

Construction 
Early May 

Late July to 

mid-August 
No No Later start to avoid spring spawning. 

North Channel Stage I 

Cofferdam Construction 
Late May 

Mid-August to 

early 

September 

No No Later start to avoid spring spawning. 

Powerhouse Cofferdam 

Construction 

June to 

September 

Late July to 

mid-October 
No Minimal 

Later start to avoid spring spawning. No flow through the 

North Channel so minimal interaction with fall spawning 

activity is expected. 

Spillway Stage I 

Cofferdam Construction 

June to 

September 

Mid-July to 

mid-October 
No Yes 

Later start to avoid spring spawning. Not possible to avoid 

potential disturbance to fall spawning fish without construction 

delays. 

Spillway Stage I 

Cofferdam Removal of 

Portions 

May to 

July 

Early August 

to early 

September 

No No Later start to avoid spring spawning. 

Central Dam Cofferdam 

Construction 

July to 

August 

Mid-August to 

early October 
No Yes 

Later start to avoid spring spawning. Possible interaction with 

lake whitefish spawning activity. 
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Table 1A-2: Timing of in-water work to avoid or minimize potential for interactions with sensitive spawning periods. 

Estimated month(s) of work is shown and subject to change 

Structure 
Early 
Planning 

Adjusted 
Scheduling 

Likelihood of 
Spawning 

Disturbance Comments 

Spring Fall 

South Dam Stage II 

Upstream Rockfill Section 

Construction 

July to 

October 

Early 

September to 

mid-October 

No Yes 
Later start to avoid spring spawning. Likely interaction with 

lake whitefish spawning activity. 

South Dam Stage II 

Upstream and 

Downstream Cofferdams 

Construction 

July to 

October 

Mid-May to 

mid-July 
Yes No 

River flow is now through the spillway. Reduces potential for 

spring spawning activity adjacent to the South Dam Upstream 

Rockfill Section constructed the year previous. 

Tailrace Summer Level 

Cofferdam Construction 

June to 

July 

Mid-July to 

mid-

September 

No No Later start to avoid spring spawning. 

Tailrace Summer Level 

Cofferdam Repairs Year 2 

April to 

May 

Early to late 

June 
Minimal No 

Repair work is expected to be above water. The absence of 

flow at this location minimizes the likelihood of spring 

spawning activity at this location. 

Tailrace Summer Level 

Cofferdam Removal 
No date 

Early 

September to 

early October 

No Yes Possible interaction with lake whitefish spawning activity. 
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Table 1A-3: Predicted impacts to fish habitat upstream of the Keeyask Generating Station, and proposed measures to 

mitigate and compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-

economic Considerations 

Report 

Section 

Probability of Inclusion after Biological 

Assessment 

Loss of Walleye 

and Lake Whitefish 

Spawning Habitat 

(3.1.1) 

Construction of rocky 

shoals within the 

reservoir. 

Would provide spawning habitat 

early in the development of the 

reservoir environment. 

3.1.1.1 Recommended - proximity to existing 

spawning areas increases the chance of 

success. 

Gravel or cobble-sized 

rocks would be placed 

on dykes to encourage 

spawning in the 

reservoir (particularly 

for fall spawning fish 

like lake whitefish and 

cisco). 

 

Construction of rock 

groins adjacent to 

dykes to increase 

habitat diversity and 

provide surfaces for 

spawning. 

Fish seeking spawning habitat 

may not approach dykes, many 

of which are situated in shallow, 

flooded areas. 

 

The construction of rock groins 

at select locations along the 

dykes would enhance fish habitat 

in the Keeyask reservoir but, as 

above, may not be situated in 

the best place within the 

reservoir for spawning habitat. 

Further, sediment deposition on 

dyke surfaces is expected in the 

Keeyask reservoir, which would 

cover the rocky materials within 

a few years of construction. 

3.1.1.2 Not recommended - successful spawning 

habitat for walleye and lake whitefish is 

more likely to be created through the 

construction of shoals described above. 
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Table 1A-3: Predicted impacts to fish habitat upstream of the Keeyask Generating Station, and proposed measures to 

mitigate and compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-

economic Considerations 

Report 

Section 

Probability of Inclusion after Biological 

Assessment 

Reduction in 

Quality of Shallow 

Water Feeding 

Habitat 

(3.1.2) 

Addition of mineral 

soils into the reservoir 

to promote growth of 

aquatic plants.   

Mineral material shelves in the 

reservoir could increase the 

amount of fish rearing and 

foraging habitats by promoting 

plant growth and increasing 

aquatic invertebrate populations. 

3.1.2.1 Not recommended - after the reservoir is 

flooded, conditions will be sufficient to 

support the forage fish community present 

at impoundment, and suitable habitat will 

evolve in the flooded areas over time. 

Provide cover for fish 

and accelerate 

shoreline stabilization 

by planting willows 

along shorelines. 

Willows on the shoreline would 

provide cover for rearing and 

foraging habitat in nearshore 

shallow water areas.  

3.1.2.2 Not recommended - after the reservoir is 

flooded, conditions will be sufficient to 

support the forage fish community present 

at impoundment, and suitable habitat will 

evolve in the flooded areas over time. 

Provide cover for fish 

by placing log bundles 

in the reservoir. 

Cut trees could be cabled 

together and anchored in both 

deep and shallow areas to 

provide cover for fish. 

3.1.2.3 Not recommended - after the reservoir is 

flooded, conditions will be sufficient to 

support the forage fish community present 

at impoundment, and suitable habitat will 

evolve in the flooded areas over time. 

Loss of Small 

Tributary Foraging 

and Spawning 

Habitat 

(3.1.3) 

Create foraging and 

spawning habitat by 

removing peat in 

shallow water areas 

and then undertake 

other measures such 

as planting vegetation. 

Removal of peat at tributary 

mouths prior to flooding could 

promote aquatic plant growth in 

the reservoir. 

3.1.3.1 Not recommended – removal and disposal of 

peat from tributary mouths would be a 

difficult and complicated process as access 

by machinery is very limited and poses risks 

to other components (e.g., creation of 

access trails). 
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Table 1A-3: Predicted impacts to fish habitat upstream of the Keeyask Generating Station, and proposed measures to 

mitigate and compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-

economic Considerations 

Report 

Section 

Probability of Inclusion after Biological 

Assessment 

Loss of Access to 

Tributary Streams 

(3.1.4) 

Remove debris from 

the mouths and lower 

reaches of tributaries. 

Removal of debris would permit 

fish access to upstream habitat 

in tributary streams. 

3.1.4.1 Recommended – removal of debris will allow 

fish access to tributary streams. 

Winter Entrapment 

of Fish in the Area 

of Present-day 

Little Gull Lake 

Resulting in 

Winterkill 

(3.1.5) 

Excavation of large 

channels to maintain 

suitable dissolved 

oxygen levels in Little 

Gull Lake. 

Large channels would permit 

year round flow through Little 

Gull Lake. This would elevate 

winter dissolved oxygen 

concentrations and allow fish to 

survive the winter. 

3.1.5.1 Not recommended – an extremely large 

amount of material would need to be 

excavated and there are some technical 

challenges that may limit the probability of 

success. For these reasons, it is preferred to 

proceed with smaller access and egress 

channels discussed below.  

 

Excavation of small 

channels will allow fish 

to escape from Little 

Gull Lake, where 

dissolved oxygen 

levels are expected to 

drop to near zero.  

Potential winterkill of fish will be 

reduced by digging channels that 

will allow fish to escape from 

Little Gull Lake into areas with 

higher flow (and therefore higher 

concentrations of dissolved 

oxygen). 

3.1.5.2 

 

Recommended - channels that allow fish to 

access areas with more suitable dissolved 

oxygen levels will be used to mitigate the 

potential winterkill of fish. 
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Table 1A-3: Predicted impacts to fish habitat upstream of the Keeyask Generating Station, and proposed measures to 

mitigate and compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-

economic Considerations 

Report 

Section 

Probability of Inclusion after Biological 

Assessment 

Alteration of Lake 

Sturgeon Spawning 

Habitat at Birthday 

Rapids 

(3.1.6) 

Monitoring to 

determine whether 

sturgeon continue to 

spawn at Birthday 

Rapids and, if not, 

place large 

boulder/structures 

along the shorelines to 

create white water to 

attract spawning fish. 

If monitoring indicates that lake 

sturgeon spawning is reduced, 

large boulders or structures 

would be added into the river 

near the Birthday Rapids 

spawning site to create turbulent 

flow. A survey of the shoreline 

indicates that suitable substrate 

is already present in areas where 

water levels would increase 

immediately upstream of the 

rapids. The structures would be 

designed in such a manner as to 

prevent removal by ice action. 

3.1.6.1 Recommended – will create additional 

spawning habitat in the reservoir if Birthday 

Rapids is not used post- Project. 

Stocking of lake 

sturgeon. 

 

Stocking would offset reduced 

year-class strength if spawning 

habitat at Birthday Rapids is no 

longer suitable. 

 

3.1.6.2 Recommended - stocking is viewed as a 

necessary component of the overall 

mitigation strategy for lake sturgeon in the 

Keeyask reservoir. 
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Table 1A-3: Predicted impacts to fish habitat upstream of the Keeyask Generating Station, and proposed measures to 

mitigate and compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-

economic Considerations 

Report 

Section 

Probability of Inclusion after Biological 

Assessment 

Alteration of Lake 

Sturgeon Young-of-

the-Year (YOY) 

Rearing Habitat in 

Gull Lake 

(3.1.7) 

Monitoring and, if 

necessary, creation of 

habitat suitable for 

YOY rearing in the 

reservoir. 

Impoundment is expected to 

alter existing YOY habitat in 

northern Gull Lake making it less 

suitable; however, conditions in 

the upstream portion of Gull 

Lake will have suitable depth and 

velocity. Monitoring will indicate 

whether substrate is suitable; if 

not, implement a contingency 

plan to create habitat suitable for 

YOY rearing in the reservoir by 

placement of a blanket of 

sand/fine gravel over 40 ha in a 

two-phased process (20 ha each 

phase). 

3.1.7.1 Recommended - YOY habitat in the reservoir 

will be required to maintain a self-sustaining 

population. 

Stocking to offset 

potential effects of 

reduced YOY habitat. 

Stocking will help mitigate 

reduced year classes until 

sufficient YOY habitat is 

available. 

3.1.7.2 Recommended - stocking is a proven 

method for the recovery of lake sturgeon 

populations where habitat is available. 

Stocking will be used to help increase the 

number of young lake sturgeon if survival 

rates decline as a result of YOY habitat loss. 
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Table 1A-3: Predicted impacts to fish habitat upstream of the Keeyask Generating Station, and proposed measures to 

mitigate and compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-

economic Considerations 

Report 

Section 

Probability of Inclusion after Biological 

Assessment 

Reduction in Fish 

Access to Stephens 

Lake 

(3.1.8) 

Provide downstream 

and upstream fish 

passage. 

Information on fish movements 

and habitat availability indicates 

that access to Stephens Lake will 

not be required to maintain fish 

populations in the reservoir. For 

further discussion on fish 

passage, see Table 1A-7. 

3.1.8 Recommended – see discussion of upstream 

and downstream fish passage in Table 1A-7. 

Emigration of Sub-

adult and Adult 

Lake Sturgeon (in 

particular at 

impoundment) 

(3.1.9) 

Design of trash racks 

to reduce loss of fish 

from the reservoir. 

Current spacing of trash racks 

excludes the largest fish; analysis 

of hydraulic conditions indicates 

that reducing spacing to exclude 

smaller fish could result in 

increased mortality due to 

impingement on the trash racks. 

 

Given that downstream fish 

passage will be via trash 

racks/turbines and spillway, 

excluding all fish from passage 

via turbines would not be 

beneficial. 

3.1.9.1 Not recommended – risk to fish of passage 

past turbines is less than risk of 

impingement if trash rack spacing is 

reduced. In addition, passage past the trash 

racks and turbines is a method of 

downstream fish passage. 
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Table 1A-3: Predicted impacts to fish habitat upstream of the Keeyask Generating Station, and proposed measures to 

mitigate and compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-

economic Considerations 

Report 

Section 

Probability of Inclusion after Biological 

Assessment 

Emigration of Sub-

adult and Adult 

Lake Sturgeon (in 

particular at 

impoundment) 

(3.1.9) (Continued) 

A stocking plan will be 

implemented to offset 

potential emigration of 

lake sturgeon. 

Fall fingerlings and spring 

yearlings could be stocked in the 

reservoir to help mitigate 

potential lake sturgeon losses 

due to movement out of the 

reservoir. 

3.1.9.2 Recommended – stocking is a proven 

method for the recovery of lake sturgeon 

populations where habitat is available. 

Provide upstream fish 

passage  

Would provide the opportunity 

for migrants that move 

downstream to Stephens Lake to 

return to reservoir. 

 

Not known to how many fish this 

would affect as (i) fish may move 

upstream or further downstream; 

and (ii) fish may not exhibit 

behaviour to move back 

upstream. 

3.1.9 Recommended – see discussion of upstream 

and downstream fish passage in Table 1A-7. 
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Table 1A-3: Predicted impacts to fish habitat upstream of the Keeyask Generating Station, and proposed measures to 

mitigate and compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-

economic Considerations 

Report 

Section 

Probability of Inclusion after Biological 

Assessment 

Increased Lake 

Sturgeon Harvest 

at the Keeyask Site 

(3.1.10) 

A conservation 

awareness program 

will be implemented to 

reduce the potential 

for increased harvest 

due to improved 

access at the Keeyask 

site, in particular to 

the spawning areas. 

A lake sturgeon conservation 

awareness program would be 

developed in consultation with 

the KCNs to reduce the potential 

for increased harvest due to 

improved access. Ideally, the 

program would include Elder 

involvement in its development 

and implementation. 

3.1.10 Recommended – the existing small 

populations, additional stresses imposed by 

Project construction, and increases in road 

and boat access will require careful 

management to avoid over-harvest. 
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Table 1A-4: Biological design criteria for the construction of rocky shoals 

Parameter Design Criteria Additional Considerations 

Substrate A mix of coarse materials as follows: 

25% boulder (750–500 mm); 

35% cobble (256–64 mm); 

25% large gravel (64–32 mm); and 

15% small gravel (32–8 mm). 

Substrate layer should have minimum 

thickness of 0.75 m, and substrate 

material should be free of silt and clay. 

Important that there be ample 

interstitial space for egg incubation and 

larval development.  

Velocity and/or 

Exposure 

At sites with flowing water, the velocity 

should be between 0.2 and 1.0 m/s.  

If water velocity is less than 0.2 m/s, 

then location requires wave-generated 

circulation (i.e., exposure to northeast – 

northwest winds). 

 

Depth Crest of spawning shoal: 

Walleye = 0.3–0.8 m below minimum 

operating level (MOL); and 

Lake whitefish = 2.0–2.5 m below MOL. 

Lake whitefish eggs incubate over 

winter; eggs deposited at depths less 

than 1.5 m below MOL will be 

vulnerable to freezing at maximum ice 

thickness. 

Size of 

Spawning Area 

Minimum crest area at preferred depth 

should not be less than 1000 m2.  

Shape of shoal should maximize surface 

area (longer and rectangular as 

opposed to round or square). 

Slope  Slope of spawning area should not 

exceed 10%. 

 

Location  Select areas where mineral soil is 

present, areas adjacent to bedrock, or 

where organic soil is thin (i.e., peat 

veneer). Where placement occurs over 

organic soils, gabion basket wire should 

be laid over the soil prior to placement. 

At standing water sites, orient shoals to 

maximize exposure to wave action. 

Locations that meet depth, 

velocity/exposure, and soils criteria are 

provided in Map 1A-2. 

Critical Annual 

Period 

Walleye - Early May to mid-June.  

Lake whitefish - Late October to late 

April. 

 

Note:  Rocky shoal design criteria were based on spawning shoal development criteria described in Kerr et al. 1997 and 
 Geiling et al. 1996 and based on species ecology descriptions provided in Appendix 5A. 
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Table 1A-5: Potential and preferred (green) spawning shoal development zones 

Development 

Site 

Post-impoundment Location Characteristics Comment 

< 4 m Bottom Depth at Shoal Development Site  

1A  Low velocity, does not possess above-average exposure 

attribute, and potential for conflict with proposed channel 

excavation at Little Gull Lake (Section 3.1.5). 

May not be a 

suitable 

location 

1B Low velocity, does not possess above-average exposure attribute 

and is in an area predicted to be exposed to higher than average 

sediment deposition (see Map 1A-2). 

May not be a 

suitable 

location 

1C-1 and 1C-2 Low velocity may negatively affect the value of this location. Low 

predicted sediment deposition (Map 1A-2) and adjacent to 

potential mineral shelf development zone. 

More attractive 

than either 1A 

or 1B 

1D Good velocity and exposure attributes and adjacent to a potential 

mineral shelf development zone. 

Suitable for 

shoal 

development 

1E Northeastern portion possesses suitable attributes for 

development. However, this location is closer to the generating 

station (GS) and spillway than other options.  

Less attractive 

The southwestern portion (along the dyke) is exposed to above-

average predicted sediment deposition over a sizeable portion of 

the selected area (Map 1A-2), and low water velocity. 

Not 

recommended 

1F Possesses good velocity and exposure attributes, and is adjacent 

to existing known or suspected walleye spawning habitat and a 

deep water shoal development site (2D). The more downstream 

area may be subject to mineral sediment deposition (see Map 

1A-4) suggesting that the focus should be on the upstream 

portion. 

Above-average 

suitability 

1G Possesses good velocity and exposure attributes and is adjacent 

to existing known or suspected walleye spawning habitat. No 

concerns regarding sediment deposition are apparent. 

Above-average 

suitability 

1H Possesses good velocity and exposure attributes. The 

downstream portion is adjacent to potential mineral shelf 

development area and the upstream to a deep water shoal 

development site (2E). It is also adjacent to existing known or 

suspected walleye spawning habitat. No concerns regarding 

sediment deposition are apparent. 

Above-average 

suitability 
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Table 1A-5: Potential and preferred (green) spawning shoal development zones 

Development 

Site 

Post-impoundment Location Characteristics Comment 

1J This site is in a location with good velocity and exposure 

attributes and adjacent to existing known or suspected walleye 

spawning habitat. However, post-Project sediment deposition 

may be at an unacceptably high level (see Map 1A-4). 

Suitable for 

shoal 

development 

1K This site is in a location with good velocity and exposure 

attributes and adjacent to existing known or suspected walleye 

spawning habitat. However, post-Project sediment deposition 

may be at an unacceptably high level (see Map 1A-4). 

Suitable for 

shoal 

development 

1L Possesses good velocity and exposure attributes, and is adjacent 

to a deep water shoal development site (2F). No concerns 

regarding sediment deposition are apparent. 

Suitable for 

shoal 

development 

> 4 m Bottom Depth at Shoal Development Site 

2A-1 and 2A-2 The sites possess good velocity attributes. However, there is a 

possible sedimentation concern at this location (See Map 1A-2). 

Suitable 

location 

2B Close to spillway and GS intakes. The site is located well within the 

3 km exclusion zone thus exposing post-larval fish to downstream 

transport out of the reservoir. 

Not suitable 

2C-1 Located at the 3 km exclusion zone boundary, thus potentially 

exposing post-larval fish to downstream transport out of the 

reservoir. No concerns regarding sediment deposition are apparent. 

Suitable for 

shoal 

development 

2C-2 Close to the spillway and GS. The site is located well within the 

3 km exclusion zone thus exposing post-larval fish to downstream 

transport out of the reservoir. 

Not suitable 

2D Possesses good velocity and exposure attributes, and is adjacent to 

an existing lake whitefish spawning area and a proposed site for 

shallow-water shoal construction (1F). No concerns regarding 

sediment deposition are apparent. 

Above-

average 

suitability 

2E Possesses good velocity and exposure attributes and is adjacent to 

an existing lake whitefish spawning area and a shallow-water shoal 

construction site (1H). No concerns regarding sediment deposition 

are apparent. 

Above-

average 

suitability 

2F Possesses good velocity and exposure attributes and is adjacent to 

shallow-water shoal construction site (1L). No concerns regarding 

sediment deposition are apparent. 

Above-

average 

suitability 
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Table 1A-6: Biological design criteria for rock groin construction 

Parameter Design Criteria Additional Considerations 

Substrate A mix of coarse materials as follows: 

25% boulder (750–500 mm); 

35% cobble (256–64 mm); 

25% large gravel (64–32 mm); and 

15% small gravel (32–8 mm). 

The distribution of material size 

would depend on likely exposure 

to ice, currents, and wave action 

at candidate sites.  

Dimensions Groin width (top) – 1–2 m 

Groin length – 10–15 m 

Side slope – 1vertical:1.5–2horizontal 

Groin spacing – 4–6 times groin length  

Minimum of 3 m below MOL 

Dimensions will be influenced by 

site location and need for 

protection from ice forces. 

Depth Depends on location selected.  

Location  Select areas along permanent dykes where groin 

construction will not interfere with dyke integrity.  

 

Note: Substrate criteria are the same as rocky shoal substrate criteria (Table 1A-4); groin dimension criteria are based on 
 information from US Army Corps of Engineers (2007). 
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Table 1A-7: Predicted impacts to fish habitat downstream of the Keeyask Generating Station, and proposed measures to 

mitigate or compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-economic 

Considerations 

Report 

Section 

Probability of Inclusion after 

Biological Assessment 

Loss of Fish Access 

to Gull Lake 

(Keeyask reservoir) 

(3.2.1) 

Trap/catch and 

Transport - trapping 

or catching fish by 

some other means 

and moving them by 

truck and boat from 

downstream of the 

generating station 

(GS) to upstream of 

the GS. 

Information on fish movements and 

habitat availability indicates that access 

to the Keeyask reservoir will not be 

required to maintain fish populations in 

Stephens Lake. However, given the 

uncertainty with respect to the 

importance of maintaining connections 

among populations, upstream fish 

passage will be provided. 

 

A trap/catch and transport program 

allows selection of individual fish to 

move upstream to avoid depleting fish 

populations in Stephens Lake. This 

method allows monitoring of the 

behaviour of fish that are transported 

upstream to assist in determining the 

best long-term approach to fish 

passage. 

3.2.1.3 Recommended - address uncertainty 

with respect to maintaining 

connections among fish populations. 

Trap/catch and transport is a good 

option for initial testing of upstream 

fish passage. 
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Table 1A-7: Predicted impacts to fish habitat downstream of the Keeyask Generating Station, and proposed measures to 

mitigate or compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-economic 

Considerations 

Report 

Section 

Probability of Inclusion after 

Biological Assessment 

Loss of Fish Access 

to Gull Lake 

(Keeyask reservoir) 

(3.2.1) (Continued) 

Provide a nature-like 

channel through 

which fish could move 

to the reservoir. 

Six alignments/designs for a nature-like 

channel were developed at a conceptual 

level. The best option was along the 

north bank of the Nelson River. This 

channel would provide habitat but there 

is difficulty in avoiding winterkills when 

flow is shut down. 

3.2.1.2 Not recommended – issues with 

avoiding killing fish when flows in the 

channel are shut down for winter. 

Other method of 

upstream fish 

passage (e.g., fish 

lift, fish ladder). 

Experience with the trap/catch and 

transport program may indicate that 

other options for upstream passage are 

more suitable. An evaluation of other 

fish passage options will be conducted. 

3.2.1.4 Recommended - address uncertainty 

with respect to the best option for 

upstream fish passage. 

Reduction in 

Number of Fish 

Entering Stephens 

Lake from 

Upstream 

(3.2.2) 

Incorporate measures 

to pass fish 

downstream safely 

via the turbines and 

spillway.  

Design parameters for the turbines were 

selected in consideration of criteria that 

would reduce the incidence of injury and 

mortality.  

 

The spillway does not include features 

that are associated with increased fish 

mortality (e.g., baffle blocks). 

3.2.2.2 Recommended – will reduce mortality 

of fish moving past the GS and 

provide a means of downstream fish 

passage.  
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Table 1A-7: Predicted impacts to fish habitat downstream of the Keeyask Generating Station, and proposed measures to 

mitigate or compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-economic 

Considerations 

Report 

Section 

Probability of Inclusion after 

Biological Assessment 

Reduction in 

Number of Fish 

Entering Stephens 

Lake from 

Upstream 

(3.2.2) (Continued) 

Designed method of 

downstream fish 

passage.  

Monitoring during the assessment of 

upstream passage may indicate that 

downstream passage is required. 

3.2.2.1 Not recommended – post-Project 

monitoring may indicate that another 

form of downstream passage (in 

addition to via the turbines and 

spillway) is required. 

Stocking sturgeon in 

Stephens Lake to help 

increase the size of 

the overall 

population, which is 

currently low, and to 

compensate for 

reduced number of 

sturgeon that may 

emigrate from Gull 

Lake. 

Stocking will increase the current small 

population in Stephens Lake and offset 

potential losses from a decrease in the 

number of sturgeon entering from 

upstream. 

3.2.2.3 Recommended - stocking is viewed as 

a necessary component of the overall 

mitigation strategy for lake sturgeon 

downstream of the generating station.  
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Table 1A-7: Predicted impacts to fish habitat downstream of the Keeyask Generating Station, and proposed measures to 

mitigate or compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-economic 

Considerations 

Report 

Section 

Probability of Inclusion after 

Biological Assessment 

Loss of Spawning 

Habitat at Gull 

Rapids 

(3.2.3) 

The creation of 

spawning habitat 

downstream of the 

powerhouse. 

This would provide lake sturgeon 

spawning habitat following development 

of the Project. The spawning structures 

would also provide habitat suitable for 

other fish species that spawn under 

similar conditions and habitat suitable 

for colonization by benthic invertebrates 

that inhabit high velocity, rocky habitats. 

This could then partially compensate for 

the loss of foraging habitat in Gull 

Rapids. 

3.2.3.1  Recommended – the creation of 

spawning habitat downstream of the 

powerhouse in proximity to where it 

exists today has a high probability of 

success for lake sturgeon and could 

potentially be used by other species. 

The creation of 

spawning habitat 

downstream of the 

spillway by releasing 

flow through the 

spillway. 

Lake sturgeon could use this habitat 

during years when spill operations 

satisfy flow requirements for successful 

spawning. Two options are available: 

providing a designated amount of spill 

annually; or, continuing to spill if 

spillway operation is initiated. 

3.2.3.2 Not Recommended – due to high cost 

associated with required frequency 

and volume of flow except in 

instances where a spill is occurring 

anyway. 

     



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 1: INTRODUCTION  1A-52 

Table 1A-7: Predicted impacts to fish habitat downstream of the Keeyask Generating Station, and proposed measures to 

mitigate or compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-economic 

Considerations 

Report 

Section 

Probability of Inclusion after 

Biological Assessment 

Loss of Spawning 

Habitat at Gull 

Rapids 

(3.2.3) (Continued) 

The creation of a lake 

whitefish spawning 

reef further 

downstream towards 

Stephens Lake. 

Lake whitefish spawn in Gull Rapids and 

in other locations of Stephens Lake. The 

creation of spawning reefs would 

replace habitat lost at Gull Rapids. 

3.2.3.5 Recommended – this would 

compensate for habitat lost in Gull 

Rapids. 

Provide upstream fish 

passage. 

Fish could be moved to suitable 

spawning habitat at the upper end of 

the reservoir, but given the size and 

depth of the lower Keeyask reservoir, it 

is unlikely that the progeny of these fish 

would contribute markedly to the 

Stephens Lake population.  

3.2.3.6 Not recommended – upstream fish 

passage would not replace lost 

spawning habitat in Stephens Lake in 

terms of supporting the Stephens 

Lake population. 

Loss of Fish 

Foraging Habitat at 

Gull Rapids and 

Loss of Fish Access 

to Gull Rapids 

Creek 

(3.2.4) 

Construction of a 

stream/pool system 

along the south 

channel of Gull 

Rapids, including the 

provision of flow 

year-round from the 

reservoir. 

Provides fish access from Stephens Lake 

to Gull Rapids Creek and also provide 

productive fish habitat over the 

approximate 1.5 km distance from the 

creek mouth to the permanently wetted 

area downstream of the dam and 

tailrace. 

3.2.4.1 Not Recommended – other more 

promising opportunities are being 

evaluated. 
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Table 1A-7: Predicted impacts to fish habitat downstream of the Keeyask Generating Station, and proposed measures to 

mitigate or compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-economic 

Considerations 

Report 

Section 

Probability of Inclusion after 

Biological Assessment 

Loss of Fish 

Foraging Habitat at 

Gull Rapids and 

Loss of Fish Access 

to Gull Rapids 

Creek 

(3.2.4) (Continued) 

Construction of dams 

and weirs to maintain 

wetted habitat over a 

large portion of 

dewatered Gull 

Rapids. Year-round 

discharge from 

reservoir to Gull 

Rapids Creek would 

flow to the south side 

enhancement (SSE) 

area.  

Provides fish foraging habitat at the 

south side of Gull Rapids and fish access 

to Gull Rapids Creek. The SSE would 

maintain forage habitat at Gull Rapids, 

would provide access to Gull Rapids 

Creek, and would enhance habitat 

within the creek itself.   

3.2.4.2 Under review - whether or not this 

measure is implemented will depend 

on discussions with Fisheries and 

Oceans Canada and Manitoba 

Conservation and Water Stewardship 

in terms of the suitability for meeting 

compensation objectives.  
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Table 1A-7: Predicted impacts to fish habitat downstream of the Keeyask Generating Station, and proposed measures to 

mitigate or compensate for those impacts 

Potential Effect 

(Report Section) 
Mitigation Options 

Biophysical and Socio-economic 

Considerations 

Report 

Section 

Probability of Inclusion after 

Biological Assessment 

Silt Deposition over 

Lake Sturgeon 

Young-of-the-Year 

(YOY) Habitat in 

Stephens Lake 

(3.2.5) 

 

Monitoring to 

determine habitat use 

post-Project and, if 

required, create 

suitable habitat. 

Current assessment indicates that 

sediments will not deposit in the area 

thought to provide YOY rearing habitat 

in Stephens Lake. 

3.2.5.1 Recommended 

Stocking of yearling 

sturgeon in Stephens 

Lake to help offset 

potential effects of a 

temporary reduction 

in rearing habitat. 

See above. 3.2.5.2 Recommended – stocking is viewed as 

a necessary component of the overall 

mitigation strategy for lake sturgeon 

downstream of the generating station. 

Stocking will help mitigate losses to 

the Stephens Lake population. 

Potential for Fish 

Stranding after 

Spillway Use 

(3.2.6) 

Review how and 

where the water is 

flowing after the 

spillway is in use. 

Connect different 

channels so that fish 

can escape into 

Stephens Lake. 

Necessary to avoid fish mortality. 3.2.6 Recommended – required to avoid 

death of fish due to stranding. 
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Table 1A-8: Biological design criteria for nature-like bypass channel for lake sturgeon 

Parameter Design Criteria 

Width Min = 5 m 

Max = 10 m  

Depth Min = 1 m 

The greater the depth, the more willing sturgeon will be to use it. A 

longer channel may require greater depth for cover to be effective. 

Slope Max = 1:30 

Many existing channels are between 1:50 and 1:75. 

Average Velocity Min = 0.4 m/s 

Max = 0.6 m/s 

May be a problem for juvenile sturgeon if there are no refugia. 

Maximum Length of 

Localized Areas of 

Increased Velocity 

Min = 5 m at 1.5 m/s 

Max = 20 m at 1 m/s 

Water velocity should not exceed 1.5 m/s 

Discharge Will be a function of the area, depth, and velocity. 

Attraction Flow  2% of river flow 

Attraction Velocity Min = 0.6 m/s 

Max = 0.9 m/s 

Entrance Max = 7.5° slope 

Continuous with bottom of river.  
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Table 1A-9: Biological design criteria for lake sturgeon spawning habitat creation 

below the Keeyask tailrace 

Parameter Design Criteria Additional Considerations 

Velocity Min = 0.5 m/s 

Max = 1.5 m/s 

Velocities referenced to 0.6 of depth from 

surface. 

A range of velocities should be 

available over the constructed 

habitat. 

Flow Flow should remain relatively constant 

during the spawning and incubation period. 

Flows should be less turbulent on the 

spawning area.   

Flow should be less turbulent 

downstream of the site, 

transitioning to more turbulent 

at the site. 

Depth Min = 1 m 

Max = 10 m 

Pre-construction depth of 2 m–11 m 

required for materials placement.  

A range of depths should be 

available over the constructed 

habitat. 

Substrate Minimum 10 cm diameter 

Maximum 60 cm diameter 

Size distribution: 100% <0.6 m, 

75%  <0.4m, 50% <0.2 m and 

25%  <0.15m.   

Important that there be ample 

interstitial space for egg 

incubation and larval 

development. Minimum 

thickness of 0.6 m. 

Micro-habitats 65 boulder clusters (three boulders >0.9 m) 

will be interspersed over the spawning 

habitat.  

Provide refuge and create 

turbulence. 

Size of Spawning 

Area 

A total area of 3.0 ha is recommended.  Could be made up of several 

areas of no less than 0.5 ha that 

meet hydraulic criteria. 

Location  As close as possible to the north shore of 

the river while satisfying hydraulic criteria. 

 

Critical Annual 

Period 

Mid-May to mid-July.  Discharge would be managed 

during this period to satisfy 

velocity and depth criteria. 
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Table 1A-10: Biological design criteria for the construction of lake whitefish spawning 

habitat in Stephens Lake 

Parameter Design Criteria Additional Considerations 

Substrate A mix of coarse materials as follows: 

25% boulder (750–500 mm); 

35% cobble (256–64 mm); 

25% large gravel (64–32 mm); and 

15% small gravel (32–8 mm). 

Substrate layer should have 

minimum thickness of 0.75 m, and 

substrate material should be free 

of silt and clay. Important that 

there be ample interstitial space 

for egg incubation and larval 

development.  

Velocity over Spawning 

Habitat 

Minimum = 0.2 m/s 

Maximum = 1.0 m/s  

at 0.6 of depth (depth averaged)  

If water velocity is less than 0.2 m/s, 

then location requires wave 

generated circulation (i.e., exposure 

to northeast – northwest winds). 

 

Depth Crest of spawning shoal: 

1.5–2.5 m below minimum operating 

level (MOL). 

Lake whitefish eggs incubate over 

winter; eggs deposited at depths 

less than 1.5 m below MOL will be 

vulnerable to freezing at maximum 

ice thickness. 

Size of Spawning Area Minimum crest area at preferred 

depth should not be less than 

1000 m2.  

Shape of shoal should maximize 

surface area (longer and 

rectangular as opposed to round 

or square). 

Slope  Slope of spawning area should not 

exceed 10%. 

 

Location  Select areas where mineral substrate 

is present or areas adjacent to 

bedrock, Where placement occurs 

over organic substrates, gabion 

basket wire should be laid over the 

bottom prior to placement. 

At standing water sites orient 

shoals to maximize exposure to 

wave action.  

Critical Annual Period Late October to late April.  
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Figure 1A-1: Spawning habitat details showing the arrangement and spacing of boulder clusters 
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Figure 1A-2: Cross sections of modifications to north bank of tailrace channel to create sturgeon spawning habitat 
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ATTACHMENT 1: REFERENCE DOCUMENT FOR KEEYASK EIS: PARAMETERS 

CONSIDERED IN THE SELECTION AND DEVELOPMENT OF TURBINES FOR KEEYASK 

GS TO INCREASE FISH PASSAGE SURVIVAL 

Manitoba Hydro Interoffice Memorandum  

Prepared by: Marilynn Kullman, Environmental Specialist, Fisheries & Stewardship Environmental 

Licensing & Protection Power Planning Power Supply  

Prepared for: Marc St. Laurent, Section Head, Keeyask/Burntwood Planning Hydro Power Planning 

Power Project Development Power Supply 

Date: 2012 04 25 

Introduction 

The Keeyask GS turbines are the first turbines for which Manitoba Hydro has considered a number of 

variables affecting fish passage survival in the selection and development processes. Although there are 

many variables to consider beyond those specifically relevant for fish survival (particularly efficiency and 

cost), a general objective for the Keeyask GS turbine selection and development is to achieve a minimum 

survival rate of 90% for fish as large as 500 mm. The following principal features were considered in the 

selection and will also be considered in the further development of the turbine design: number of blades; 

thickness and shape of leading and trailing edge of blades: turbine rotation rate; turbine runner diameter 

and blade speed (impact velocity): stay vane and wicket gate number, alignment and shape, clearance at 

wicket gates, wicket gate overhang, and low absolute pressure (nadir). 

Stay Vane/Wicket Number, Alignment, and Shape 

The number and shape of both the stay vanes and wicket gates can affect the condition of fish when they 

encounter these flow directing structures just upstream of the turbine runner. Additionally, the alignment 

and distance between the stay vane and wicket gate may also affect the condition of fish that contact the 

upstream edge and/or pass between these structures. The primary cause of injuries would be due to 

direct contact, and possible shear forces between the trailing edge of a stay vane and leading edge of a 

wicket gate. Generally direct contact should inflict only minimal injuries at strike velocities of less than 

6.1 m/s (Bell 1991). Few direct survival/injuries studies have been designed to evaluate the condition of 

fish after encountering the stay vanes and wicket gates. Normandeau et al. (1999) did obtain 

survival/injury on HI-Z tagged juvenile salmon (average length 154 mm) that were released from three 

pipes mounted on stay vanes and another pipe mounted 5.5 m directly upstream of the stay vane. The 

percentage of recaptured fish alive 48 h after turbine passage at the McNary Project (Tables 1 and 2) for 

fish that potentially encountered the stay vanes/wicket gates (92.4%) was similar to the fish that were 

released downstream of the stay vanes/wicket gates (90.9–92.7%). Injury rates were actually slightly less 

for fish that potentially encountered the stay vanes/wicket gates; 3% versus 3.8–5.1% for fish released 

downstream of the stay vanes/wicket gates. 

The turbine selected for Keeyask GS has wicket gates with rounded upstream edges which will minimize 

direct contact injuries. The extended length and profile design of the stay vanes of the selected turbine 

design improves the flow conditions in the vicinity of the stay vanes and wicket gates, which reduces 
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turbulence and flow separation. These features should improve passage conditions for fish, particularly 

through the minimization of the shear and turbulent zones that can injure and disorient fish.  

Clearance at Wicket Gates and Runner 

Minimizing gaps at the wicket is beneficial for fish, particularly if water accelerates sufficiently enough 

through these openings to cause shear and/or strike induced injuries to entrained fish. The primary gap 

areas of potential entrainment are between the trailing edge of the stay vanes and leading edges of the 

downstream wicket gates; between the top of a wicket gate and the head cover; and between the bottom 

of the wicket gates and the bottom ring. Laboratory studies on juvenile salmon indicate that shear 

induced injuries generally begin to occur when areas of contrasting flows produce strain rates 

>900 cm/s/cm (Neitzel et al. 2000); while direct contacts begin to elicit injuries at ≥6.1 m/s (Bell 1991).  

The gaps at the bottom and top of the wicket gates of the selected turbine design have been sufficiently 

minimized to eliminate the chance of fish (except possibly larval fish) being drawn into these areas that 

have a higher risk of injury/mortality. Gaps between the runner and discharge ring, and the runner and 

head cover are also sufficiently small in the selected turbine design to minimize the risk of fish being 

drawn into these areas where they could incur injuries. 

Wicket Gate Overhang 

The lower edge of a wicket gate guide vane typically over hangs the bottom ring for most conventional 

turbine designs, depending on turbine load. Depending on the extent of this overhang a zone of 

turbulent flow can set up downstream of this protrusion point. Each turbulent zone is generally not very 

extensive but under certain wicket gate openings a turbulent zone can develop at the bottom trailing edge 

of each wicket gate.  

The turbine design selected for Keeyask GS has minimized or eliminated (depending on load) the wicket 

gate overhang, such that the development of turbulent zones at the trailing edge of the wicket gates is 

avoided. 

Number of Blades 

Strike inflicted injuries due to blade contact are the dominant injuries observed in most direct 

survival/injury studies conducted using HI-Z tag fish recapture method. Therefore, minimizing the 

number of blades will likely have the greatest effect on reducing fish injury and mortality. Blade number 

minimization is most beneficial for larger fish, at propeller type turbines, provided good flow 

characteristics can be maintained through the turbine blades. Examination of the survival/injury results 

from HI-Z tag turbine passage evaluations conducted on large size turbines (6–8 m diameter) similar to 

those proposed for Keeyask GS indicate that five-bladed units generally had higher survival (median of 

96.2%) and lower injury rates (median of 2.1%) than six-bladed units (medians of 94.8% and 3.6 %, 

respectively) for juvenile fish (114–184 mm mean length range, Table 2). The trend for higher survival 

and lower injury rates for turbines with fewer blades persisted whether the turbine had fish friendly 

features or not. The best example of this was an extensive study (more than 8,000 fish) conducted at 

Wanapum Dam to evaluate a conventional Kaplan turbine and a new advanced hydro turbine system 

(AHTS) (Dresser et al. 2006 a, b; Normandeau et al. 2006; and Table 2). The AHTS had many fish 

friendly features including, minimal gaps at the hub and blade tip, alignment of stay vanes and wicket 
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gates and minimized wicket gate overhang; however, the AHTS had six blades versus five for the 

conventional Kaplan Unit. Fish directed towards the hub had slightly higher survival rate for the AHTS 

(98.5 %) compared to the conventional Kaplan unit (97.9%); however, fish directed towards the mid 

blade had a higher survival rate at the conventional turbine (97.1%) compared to the AHTS (95.4%).The 

same trend was observed when recaptured fish were examined for injuries with fewer hub directed fish 

injured at the AHTS (0.9%) than the conventional Kaplan unit (1.8%) but the opposite for mid blade 

directed fish (3.3% for AHTS, 2.5% for conventional). 

The effects of the number of blades at large units is more pronounced for larger fish (Table 2). This is 

based on four HI-Z tag fish recapture studies conducted on adult eels (690–1,020 mm), two studies on 

adult northern pike (595–661 mm), adult walleye (431–447 mm), and adult American shad (423–425 mm) 

(Table 2) Average survival of the eels decreased with increasing blade number and was 92.4 and 93.0% 

for the four bladed units, but only 79.9% and 73.5% for five and six bladed units respectively. The 

corresponding injury rate also increased (6.536.7 %) with an increase in blade number. The average 

survival of adult northern pike and adult walleye was higher in a five bladed unit (75.6% and 87.7%, 

respectively) compared to a six bladed unit (65.9% and 80.4%, respectively). Survival of adult American 

shad passed through a five bladed Kaplan unit was higher (88.2%) than for adult American shad passed 

through a seven bladed mixed flow unit (84.3%). 

The turbine design selected for Keeyask GS has five blades. The selection of a turbine design with a low 

number of blades will significantly improve the survival of fish and reduce injuries.  

Blade Leading Edge Thickness  

The shape, thickness, and speed of the leading edge of the turbine blades can affect both survival and 

injury rate of fish that make direct contact. Generally, the risk of blunt force injury and/or lacerations is 

reduced with a thicker and rounder leading edge and a slower blade speed. However, a blade leading edge 

that is too thick can reduce turbine efficiency. The size of the fish, its orientation to the blade and area of 

the body that makes blade contact affect the extent, type, severity of injuries. Laboratory studies 

conducted by Amaral et al. (2008, 2011) evaluated the effects of fish species, length, and orientation and 

blade impact speed, and blade thickness on fish mortality. Blade speed and fish length to the thickness of 

the leading edge of the blade were the primary factors affecting survival of fish encountering the 

upstream edge of a turbine blade. The length of the fish to the thickness of the leading edge of the blade 

was designated as L/t.  

Empirical field data collected on HI-Z tagged adult walleye and northern pike also demonstrate the 

effects of narrow leading edge blades on rate and type of fish injuries. North/South Consultants and 

Normandeau Associates (2009) reported that survival rates were higher for a five bladed unit than for a 

six bladed unit for both walleye (87.7% and 80.4%, respectively) and northern pike (75.6% versus 65.9%) 

at the Kelsey Generating Station in Manitoba. However, the rate of injured fish did not show a 

corresponding decrease (Table 2). The percentage of injured walleye did not decrease with the decrease in 

blade number and were close to 32% for both the five and six bladed units. The corresponding injury 

rate for the northern pike was higher for the five bladed unit (61.7%) than the six bladed unit (53.4%). 

The lack of a decrease in injury rate with a decrease in blade number was attributed to the considerably 

thinner (sharper) leading blade edge design of the five bladed turbine (Figure 1). Some injured specimens 
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from the five bladed unit also displayed a patch of scales and skin removed from the side of a fish with a 

distinct line where the fish was initially struck (Figure 2). Specific information on leading edge blade 

thickness and shape is not readily available for most of the HI-Z tag studies conducted on smaller fish 

(<200 mm) presented in Table 2.   

The selected turbine design allows for an option to increase the thickness of the leading edge blade, and 

this will be examined and evaluated in the further development of the turbine design, to reduce the risk 

of injury and mortality of fish due to contact with the blade.  

Blade Trailing Edge 

The impact of the shape and thickness of the trailing edge of a turbine blade on fish injury has not been 

extensively evaluated, but eliminating turbulence and wake at the blade’s trailing edge is beneficial for 

both turbine performance and fish that pass close to the trailing edge of a blade. 

Without completing extensive testing (that would require working models), it is difficult to estimate 

whether the blade trailing edge of the selected turbine design would produce minimal or no turbulence 

zones. In the further development of the turbine design, Manitoba Hydro will strive to reduce turbulence 

and wake at the blade trailing edge (both for benefit to fish, and for turbine performance). Rounding the 

edges may also be considered, to reduce the effect of fish directly contacting the trailing edge of the 

blade. 

Rotation Rate, Runner Diameter and Blade Speed 

Higher rotation rates of turbine runners can affect the survival of fish by increasing the probability of fish 

contacting a blade and also increasing the speed at which the leading blade edge could contact a fish. 

Rotation rate is influenced greatly by runner diameter, with larger units generally having slower rotation 

rates. If runners are of similar size with the same number of blades, a higher rotation rate would likely 

make the unit less fish friendly. The large turbine runners (6-8 m diameter) where HI-Z tag tests have 

been conducted had rotation rates ranging from75–120 rpm (Table 2). Because of the interaction of 

number of blades, runner diameter, operating head and other factors the direct effects of rpm on fish 

survival/injury was not always obvious. Juvenile salmon passed through Bonneville turbines with the 

slowest rpm (75) did have some of the higher survival rates, at 98 and 99% for hub passed fish; however 

these units also had five blades and a relatively low head (17.4 m). Survival rates for juvenile salmon were 

lower (all ≤96.1%) at the higher 90 rpm units (Ice Harbor, John Day, Lower Granite, and Rocky Reach); 

however, these were also all six bladed units and had a higher head (close to 30 m). 

The detrimental effects of higher rotational rate (300 rpm), higher head (55 m) and numerous blades (13) 

was demonstrated at a HI-Z tag test conducted at the Arrowrock Station (Normandeau Associates 2011). 

Survival of smaller (mean length of 284 mm) and larger (mean length of 457 mm) salmon was only 11.1% 

and 0.0%, respectively. The unit tested was a Francis type turbine and was also quite small (1.7 m 

diameter). 

The design selected for Keeyask GS is a large diameter turbine runner, with a slower rotation rate 

(75 rpm), and a low number of blades (five). Based on these parameters, the survival of fish will be very 

good, particularly when compared to turbines with higher rotation rates and a higher number of blades. 
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Low Absolute Pressure (Nadir) 

Fish passing through a turbine experience pressure changes over a short period of time. In a conventional 

hydroelectric facility pressure increases as a fish descends to the upstream side of the runner, drops 

rapidly upon passing the runner, increases in the draft tube, and then returns to near atmospheric 

pressure at the surface of the tailrace, or greater pressures if the fish swims to deeper water (Figure 3). 

Low absolute pressure that a fish may experience upon passing the turbine runner can cause 

decompression injuries (barotraumas) to fish that are acclimated to different depths prior to turbine 

entrainment. The lowest pressure a fish encounters (nadir pressure), and the depth to which it is 

acclimated appear to be the primary factors affecting mortality (Figure 4) and the rate, severity, and type 

of injury. Injuries associated with sudden decompression trauma include ruptured air bladder, ruptured 

blood vessels, air bubbles in the internal organs and in fins. Many of these injuries result in death. Among 

fish with swim bladders, the response to rapid pressure changes encountered within a turbine is affected 

by whether the fish is physostomous or physoclistous. Physostomous fish (e.g., salmon, eels, shad, 

sturgeon, whitefish and catfish) have a pneumatic duct that connects the swim bladder with the 

esophagus. Gas can be quickly taken into or vented from the swim bladder through the mouth and 

pneumatic duct, so that adjustment to changing water pressures can take place rapidly, often on the order 

of seconds. Physoclistous fish (e.g., sunfishes, basses, perch and walleye) lack a direct connection between 

the swim bladder and the esophagus. In these fish the contents and pressures within the swim bladder 

must be adjusted by diffusion into the blood, a process measured on the order of hours. 

For both physoclistous and physostomous fish, the depth of acclimation prior to decompression relative 

to the pressure of exposure influences the magnitude of barotraumas. Laboratory studies indicate that the 

highest mortalities occur when the pressure reduction was greatest, i.e., when the exposure pressure was a 

relatively small fraction of the acclimation pressure. Figure 5 shows percent mortality for physoclistous 

and physostomous fishes following exposure in the laboratory to rapid and brief pressure reductions. 

Note that all the fish in a laboratory chamber were exposed to large pressure changes, in contrast to a 

field situation where only a fraction of the fish population may be exposed to large pressure changes. The 

data were taken from studies that included fish held at a pressures associated with different depths long 

enough to become acclimated. The fish were then exposed to a rapid and brief pressure drop in order to 

simulate the duration of low pressure exposure within a turbine. The data suggest that: 1) decompression 

is more detrimental for physoclistous species compared to physostomous species, and 2) overall mortality 

is low when the minimum pressure is 40% of the acclimation pressure. The principal species of concern 

for Keeyask GS are sturgeon, white fish, walleye, and northern pike, of which walleye is the only 

physoclistous species. 

Although controlled laboratory studies have been conducted to assess the effect of sudden decreased 

pressure on fish; no known controlled field studies were found. The pressure decreases that fish 

experience within the runner occur rapidly and may be large. The nadir, or lowest pressure a fish may be 

exposed to depends on where the fish passes the turbine. The lowest pressure occurs on the suction side 

versus the pressure side of the turbine blade. A device called the Sensor Fish has been used to determine 

the pressures present in some turbines, primarily Kaplan, on the Columbia River to which fish are 

exposed during turbine passage (Deng et al. 2007; Carlson et al. 2008). In some Sensor Fish examples, 
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nadirs below vapour pressure were measured (Carlson et al. 2008), but most ranged between 35 and 

200 kPa (5 and 29 psi).  

Although thousands of HI-Z tagged fish have been passed through turbines with a wide range of nadirs 

very few (<1%) of the recaptured fish have displayed injuries that could be attributed to sudden 

decompression trauma. Because the HI-Z tagged fish are held in water less than 40 cm deep prior to 

turbine passage these test fish are not acclimated to depths that a portion of naturally entrained fish 

would be. However, it has been very obvious from the HI-Z tag tests that there is little evidence that a 

sudden increase or decrease in pressure has any substantial negative effects on near surface acclimated 

fish. 

Based on the parameters of the selected turbine design, it is anticipated that fish passing through the 

Keeyask GS turbines will be not be exposed to sudden increases or decreases in pressure that would have 

substantial negative effects on the fish.  

Predicted Survival: Franke Formula  

An analysis of turbine parameters can be used to estimate survival using a formula developed by Franke et 

al. (1997). The formula grew out of efforts by the U.S. Department of Energy (DOE) to design more 

―fish-friendly‖ turbines. The formula calculates the probability (P) of blade strike by relating such turbine 

parameters as the number of blades, runner diameter, and runner rotation rate to fish length and 

operating condition. Fish length and available passage space are the principal drivers of the output. In 

developing the formula, Franke et al. (1997) considered previous works that calculated turbine strike 

probability and new information developed by the authors. Existing empirical data were used to validate 

the model for conventional hydro projects. A thorough discussion of the derivation and application of 

the formulas is provided in Franke et al. (1997). 

Based on this formula, the turbine design selected for Keeyask GS will have an estimated survival over 

90%. This generalized estimate includes fish up to 500 mm, at a single discharge condition (maximum), 

three passage locations (near hub, mid blade and tip) and a blade strike correlation factors ( 0.1 and 0.2). 

The blade strike correlation factor designated lambda ( λ ) is used to account for variability in strike 

potential resulting in mortal injuries and also to relate the output to empirical data available to the Franke 

study. The value of lambda in the range of 0.1 to 0.2 was determined by Franke et al. (1997) from Kaplan 

survival tests. Although the formula calculates a probability, in the present context it is more 

conventionally used in the formula Survival (S) = 1 – P, with results expressed as a survival percentage. 

Summary 

A number of variables were considered in the selection and development of turbines for the Keeyask GS 

to minimize the risk of injury and mortality of fish as they pass downstream. These variables include the 

number, alignment, and shape of stay vanes and wicket gates, clearance at the wicket gates and runners, 

wicket gate overhang, number of blades, blade leading edge thickness, blade trailing edge (related to 

turbulence), rotation rate, runner diameter, blade speed, and absolute lowest pressure.  

The use of a fixed blade vertical shaft turbine design for Keeyask GS results in several advantages for fish 

passage survivability compared to other turbine styles. The fixed blade pitch of the vertical shaft units 

allows for the gap between the runner blades and the discharge ring to be minimized, reducing the 
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likelihood of fish impingement and injury. The low rotational speeds associated with large diameter 

vertical shaft turbines also result in greater fish survivability. To reduce the risk of striking or 

impingement injuries; runner blades incorporate a thicker rounder leading edge, the gaps between wicket 

gates and both the head ring and head cover were minimized, and the wicket gate overhang was also 

minimized. To reduce turbulence levels experienced by fish passing through the turbines, the runner 

blades incorporate a thinner trailing edge, and the shape of the draft tubes incorporate large sweeping 

radii. These are all known to improve the probability of a fish passing through a turbine without incurring 

significant injury or mortality.  

This is the first time that Manitoba Hydro has included these variables relevant for fish survival as part of 

the evaluation in the initial turbine design selection process, and as a priority for further turbine design 

development. Although there are many variables to consider beyond those relevant for fish survival 

(particularly efficiency and cost), the objective for the Keeyask GS turbines is to achieve a minimum 

survival rate of 90% for fish as large as 500 mm. 
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Table 1: Summary of turbine passage evaluations conducted utilizing the HI-Z Tag 

recapture technique (Heisey et al. 1992) (Summarized by P. Heisey of 

Normandeau Associates Inc.) 

Number of Clients/Utilities Number of Projects Number of Fish Species* 

32 48 21 

Turbine Types 

Propeller Kaplan 
Bulb 

(Horizontal Kaplan) 
Francis Hydrokinetic 

16 26 4 15 1 

*Species included: striped bass, rainbow trout, largemouth bass, chinook salmon, European eel, American eel, American shad, 
smallmouth bass, coho salmon, steelhead, Atlantic salmon, yellow perch, brown bullhead, channel catfish, bigmouth buffalo, 
white sucker, bluegill, northern pike, walleye, lake whitefish 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 1: INTRODUCTION  1A-81 

Table 2: Summary of physical and hydraulic characteristics of hydroelectric turbines similar in type and size to those proposed for the Keeyask Project and HI-Z tag acquired fish survival/injury data 

(Summarized by P. Heisey of Normandeau Associates Inc.) 

Station Species 
Average 

Size (mm) 
Turbine Type 

Blade Passage 

Vicinity1 

No. of 

Blades 

Runner Speed 

(rpm) 

Dia. 

(m) 

Peripheral Velocity 

(mps) 

Test Discharge 

(cms) 

Project Head 

(m) 

Sample 

Size 

48 d 

Survival 

Visible Injury 

(%) 

Bonneville salmon 165 Kaplan T2 5 75 7.11 27.9 176-340 17.4 966 0.933 3.9 

Bonneville salmon 166 Kaplan MGR T2 5 75 7.11 27.9 176-340 17.4 963 0.952 1.9 

Bonneville salmon 165 Kaplan M2 5 75 7.11 27.9 176-340 17.4 911 0.961 2.3 

Bonneville salmon 166 Kaplan MGR M2 5 75 7.11 27.9 176-340 17.4 903 0.963 1.0 

Bonneville salmon 165 Kaplan H2 5 75 7.11 27.9 176-340 17.4 681 0.992 0.7 

Bonneville salmon 166 Kaplan MGR H2 5 75 7.11 27.9 176-340 17.4 681 0.980 1.0 

McNary Dam salmon 153-155 Kaplan H2 6 86 7.11 31.9 351 21.6–22.9 330 0.927 4 4.1 

McNary Dam salmon 153-156 Kaplan M2 6 86 7.11 31.9 351 21.6–22.9 310 0.916 4 3.8 

McNary Dam salmon 153-156 Kaplan T2 6 86 7.11 31.9 351 21.6–22.9 309 0.909 4 5.1 

McNary Dam salmon 153-157 Kaplan WG2 6 86 7.11 31.9 351 21.6–22.9 315 0.924 4 3.0 

McNary Dam salmon 140-158 Kaplan M 6 86 7.11 31.9 218 21.6–22.3 2121 0.951 2.6 

Wanapum salmon 154 Kaplan H&M 5 85.7 7.20 32.3 255-481 22.9 1278 0.943 2.6 

Wanapum salmon 169 Kaplan5 H 5 85.7 7.20 32.3 255-481 23.5 1829 0.979 1.8 

Wanapum salmon 169 Kaplan5 M 5 85.7 7.20 32.3 255-481 23.5 1829 0.971 2.5 

Wanapum salmon 169 AHT Kaplan5 H 6 85.7 7.72 34.7 255-481 23.5 1833 0.985 0.9 

Wanapum salmon 169 AHT Kaplan5 M 6 85.7 7.72 34.7 255-481 23.5 1834 0.954 3.3 

Ice Harbor salmon 139 Kaplan M 6 90 7.11 33.5 246 29.1 2698 0.961 3.4 

John Day salmon 136 Kaplan M 6 90 7.92 37.4 334-564 31.2 1630 0.947 2.6 

Lower Granite salmon 149 Kaplan H&M 6 90 7.92 37.4 510 29.9 1830 0.949 3.5 

Priest Rapids salmon 155 Kaplan M 6 86 7.21 32.4 255 23.8 1239 0.963 3.6 

Rock Island salmon 179 Propeller H&M 6 100 5.74 30.1 227 12.2–12.8 279 0.932 5.5 

Rock Island salmon 179 Kaplan H&M 6 100 5.74 30.1 227 12.2–12.5 281 0.961 3.6 

Rock Island salmon 179 Bulb T&M 4 86 7.01 31.5 481 11.0–12.5 280 0.957 3.6 

Rocky Reach salmon 114 Propeller H 5 86 7.89 35.4 130 MW 28.0 265 0.961 5.8 

Rocky Reach salmon 161-184 Kaplan H&M 6 90 7.11 33.5 227-454 29.0 1076 0.949 4.7 

Rocky Reach salmon 185 Imp. Kaplan H 6 90 7.11 33.5 227-453 28.0 985 0.950 3.1 

Conowingo shad 125 Mixed Flow H 6 120 5.72 35.9 227 27.4 108 0.929 4.2 

Safe Harbor shad 119 Mixed Flow H 7 76.6 6.10 24.4 261 16.8 199 0.979 4.85 
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Table 2: Summary of physical and hydraulic characteristics of hydroelectric turbines similar in type and size to those proposed for the Keeyask Project and HI-Z tag acquired fish survival/injury data 

(Summarized by P. Heisey of Normandeau Associates Inc.) 

Station Species 
Average 

Size (mm) 
Turbine Type 

Blade Passage 

Vicinity1 

No. of 

Blades 

Runner Speed 

(rpm) 

Dia. 

(m) 

Peripheral Velocity 

(mps) 

Test Discharge 

(cms) 

Project Head 

(m) 

Sample 

Size 

48 d 

Survival 

Visible Injury 

(%) 

Safe Harbor shad 118 Kaplan H 5 109.1 5.60 31.9 235 16.8 100 0.970 3.1 

Safe Harbor shad 423 Kaplan H 5 109.1 5.60 31.9 235 16.8 98 0.882 9.8 

Safe Harbor shad 425 Mixed Flow H 7 76.6 6.10 24.4 261 16.8 100 0.843 11.3 

Kelsey walleye 431 Propeller T, M&H 5 102.9 7.92 42.7 312 17.1 91 0.877 31.6 

Kelsey walleye 447 Propeller T, M&H 6 102.9 7.92 42.7 227 17.1 99 0.804 31.8 

Kelsey pike 595 Propeller T, M&H 5 102.9 7.92 42.7 312 17.1 95 0.756 61.7 

Kelsey pike 661 Propeller T, M&H 6 102.9 7.92 42.7 227 17.1 88 0.659 53.4 

Beaucaire eel 690 Bulb M/T 4 94 6.24 30.7 313 13.7 275 0.93 6.5 

Fessenheim eel 704 Kaplan H/M/T 4 88 6.67 30.8 362 15.2 281 0.924 11.5 

Ottmarsheim eel 750 Kaplan H/M/T 5 94 6.25 30.7 316 15.6 300 0.799 26.5 

Robert Moses eel 1020 Propeller M 6 99 6.10 31.7 244-272 25.0 240 73.5 (88h) 36.7 

1. H = near hub, M = near mid-blade, and T = near tip. 
         2. Fish released at stay vanes and passage directed toward specific areas of turbine blades. 

     3. Fish released just upstream and directed toward stay vanes/wicket gates. 
       4. No adjustment for control fish (none released). 

         5. Tests conducted concurrently under same hydraulic conditions. 
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Figure 1: Comparison of leading edge shape and thickness of blades for a 6 (A) and 

5 (B) bladed turbine at Manitoba Hydro’s Kelsey Generating Station 

  

A B 
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Figure 2: Unique injury observed on some fish passed through a new 5 bladed 

turbine at Manitoba Hydro’s Kelsey Generating Station attributed to 

leading edge of blades being thin 
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Figure 3: Laboratory simulated Surface (101 kPa) and 30 ft depth (191 kPa) 

acclimation and pressure profile for a fish passing a conventional Kaplan 

turbine. Pressure increases as the fish’s depth increases. Pressure spike 

occurs as fish pass the turbine blades. Pressures then return to surface 

pressure as fish pass through the draft tube and enter the tailrace. 

(Source: Abernethy et al. 2001) 
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Figure 4: Relationship between barotrauma induced mortality at depth fish are 

acclimated to when exposed to sudden decrease in pressure (Source: 

Brown et al. 2009) 
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Figure 5: Graphic representation of fish mortalities following exposure to brief and 

rapid pressure reductions in laboratory test chambers 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 1: INTRODUCTION  1A-88 

ATTACHMENT 2: TRASH RACK SPACING AND EFFECTS TO FISH 

Introduction 

Although trash racks are primarily installed to hold back large debris and ice, they can also act as 

behavioural and mechanical barriers for fish. Temporary and permanent impingement of fish on the 

racks is possible. Mainly for these reason trash racks are often perceived by operators of hydroelectric 

generating stations as mechanical barriers for fish of species of domestic, commercial, or regulatory 

importance. However, the degree to which trash racks can become a fish hazard or exclusion device 

varies considerably between trash rack design (mainly bar spacing), fish species and local site conditions 

(Hadderingh and Bakker 1998; Odeh and Orvis 1998). The current design clear bar spacing for the 

proposed Keeyask GS is 16.75 cm (KGS ACRES Ltd. 2011).  

The following sections establish the primary species and size classes of fish to be considered in an 

ecological evaluation of trash racks at the Keeyask GS and provide information on fish swimming 

behaviour and performance relevant to trash rack encounter, the likelihood and consequences of fish 

impingement, and the use of trash racks for fish exclusion and guidance. 

Fish Species and Size 

Thirty-seven fish species have been recorded from aquatic habitats close to the proposed Keeyask GS. 

However, only 17 species are regularly captured within the mainstem of the Nelson River and contribute 

notably to the fish community in terms of either numbers or biomass (AE SV). All fish species are 

vulnerable to entrainment but the relative frequencies and magnitudes of entrainment will be largely 

species specific and be affected by factors such as habitat use, life stage, spawning season, and swimming 

capacity. For example, extrapolating from drift net catches of ten to hundreds of thousand fish over 

approximately two- to four-week long periods in early summer and that sampled only a very small 

portion of the Nelson River cross-sectional area (Pisiak 2005; Bretecher et al. 2007; MacDonald 2007), it 

can be assumed that millions of fish pass downstream over Gull Rapids annually. However, the vast 

majority of these fish are larvae and juveniles of catostomids (likely white sucker) and, less so, freshwater 

drum, sculpins, rainbow smelt, emerald shiner, and trout-perch. Downstream movements over Gull 

Rapids of adults of large bodied species such as lake whitefish, northern pike, walleye, and lake sturgeon 

have been confirmed in tagging and telemetry studies (AE SV), but this type of data are of limited use for 

assessing the potential frequencies of entrainment into a powerhouse flow. Qualitative data on fish 

entrainment frequencies are available from another GS in the Manitoba Hydro system. Based on the 

results of recent studies applying detection and imaging (i.e., DIDSON) sonar technologies at Manitoba 

Hydro’s Great Falls GS on the Winnipeg River (North/South Consultants Inc. [NSC] et al. 2012, 2011; 

Murray 2012), entrainment rates during summer and early fall were in the order of a few thousands of 

fish per day, with the vast majority (80%) consisting of fish <15 cm estimated total length1.   

                                                      

1 The trash racks at Great Falls GS are positioned downstream of the turbine intake gates, have 14.0 cm bar spacing 

(Malenchak pers. comm. 2011) and water velocities immediately upstream of the racks range from 0.73–1.03 m/s 

(Backhouse and Malenchak pers. comm. 2011). Except for lake whitefish, the fish species at Great Falls comprised all 

target species of the Keeyask Project and most of the other species known to occur in the lower Nelson River. 
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Species identification is difficult with hydroacoustic techniques. By incorporating independent data on 

the species composition in the Great Falls Forebay during the time of sonar monitoring, NSC et al. (2012) 

suggested that the fish species most susceptible to entrainment were yellow perch, emerald shiner, and 

walleye or sauger. Because of physical design requirements it is unlikely that trash rack bar spacing can be 

reduced to physically exclude small bodied (i.e., <15 cm total length) species from passing the racks. 

Therefore, fish impingement and exclusion will mainly be an issue for the large-bodied species. 

In addition to mainly biological parameters, such as the likelihood and frequency of entrainment into the 

powerhouse flow, other criteria are important when deciding on which species should be considered as 

the main drivers for trash rack design criteria for the Keeyask GS. Four species (lake sturgeon, lake 

whitefish, northern pike, and walleye) have been identified as Valued Environmental Components 

(AE SV). These species were selected as target species for the evaluation of trash racks because of their 

ecological importance, representation of different fish passage (i.e., swimming performance and 

behaviour) guilds, and because they are of particular relevance to resource users and regulators. It can be 

assumed that an assessment of trash rack design options for the target species will also be directly 

applicable to several other species such as suckers (Catostomidae), yellow perch, sauger, and mooneye.  

Except for lake sturgeon, (male) individuals of the other target species first recruit into the spawning 

population at a length of approximately 200 mm. This length also represents a size of fish that pass 

through hydroelectric GSs in numbers that can be feasibly monitored by imaging sonar (Murray 2012). 

For these reasons, a fork length of 200 mm will also be used as the lower bound of the fish size range for 

the current evaluation. The upper bound is represented by the maximum length expected for the target 

species in the Keeyask area. These lengths are 170 cm for lake sturgeon, 110 cm for northern pike, 70 cm 

for walleye, and 60 cm for lake whitefish.  

Swimming Behaviour and Performance of Target Fish Species 

Two main aspects of fish swimming are relevant when assessing trash rack design in view of fish 

protection: fish behaviour and fish swimming performance. Behaviour includes the vertical and 

horizontal position of fish in the water column and their response to sudden changes in water velocity 

and turbulence, whereas swimming performance refers to a fish’s ability to swim against water currents of 

various velocities.  

Swimming Behaviour 

Little information exists on the fine-scale behaviour in forebays and near hydroelectric dams of 

potamodromous fish (i.e., species that migrate entirely within freshwater environments), including the five 

target species.  

The location of a fish in the forebay water column is important for trash rack encounter and dam 

passage. Coutant and Whitney (2000) have argued that ―non-migratory‖ fish are entrained accidentally, 

and the likelihood of such events is related to the degree to which these fish use habitats closest to the 

powerhouse. The powerhouse intake channel at the Keeyask GS is designed for equal flow distribution 

parallel to the walls of the channel and minimal surface roughness, resulting in approximately equal 

discharge into each turbine bay. These engineering design criteria translate into a generally structureless, 

relative high velocity, deep water environment. Because of the consequent lack of, for example, fine 
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sediments and other attractive substrates for invertebrate filterers and grazers, physical shelter, still water 

resting areas, and visual orientation, the intake channel will not provide suitable habitat for most fish 

species. Nevertheless, some fish may enter the intake channel due to migratory behaviour or density 

dependent movements. Larger fish motivated to migrate downstream may initially be deterred by the 

flow conditions near the trash racks, will search for alternative passage routes, potentially returning to the 

trash racks repeatedly. Based on the results of the studies at Manitoba Hydro’s Great Falls GS on the 

Winnipeg River (NSC et al. 2011, 2012; Murray 2012), entrainment rates during summer and early fall are 

in the order of a few thousand fish per day, with less than 10% consisting of fish >20 cm estimated total 

length.  

There is evidence that the spatial distribution of larger-bodied potamodromous species moving towards 

and through hydroelectric plants differs from the surface oriented pattern for downstream moving 

salmonid smolts. These differences may be partially related to the fact that downstream migration 

behaviour, including swimming depth, may change during fish ontogeny. For example, Michaud and Taft 

(2000) found that "small" fish approached the dam of a Wisconsin hydroelectric GS in the surface 

(<0.5 m depth) waters. Furthermore, walleye larvae mainly drifted in the upper portion of the water 

column of some small (Franzin and Harbicht 1992) and mid-size (D’Amours et al. 2001) Canadian 

streams. In contrast, the vertical distribution of older walleye does not seem to follow a distinct pattern. 

Summarizing the results from a review of 45 turbine entrainment monitoring studies at small hydropower 

sites in the eastern USA dominated by non-salmonid species, Coutant and Whitney (2000) state that the 

vertical distribution of adult fish, including walleye, yellow perch, and white sucker was rather uniform 

throughout the water column near the turbine intakes. Similar, although not species-specific results were 

obtained from a hydroacoustic study at Manitoba Hydro’s Great Falls GS on the Winnipeg River that 

included most species relevant to the Keeyask Project. Although water depths of <4 m could not be 

assessed and some minor differences existed in the percentage of fish passage at 1-m depth intervals 

(starting at 4 m depth) in front of the six intake gates, the vertical distribution of fish at each unit 

(excluding one unit with debris accumulation problems) was quite uniform, with a mean passage depth of 

8-10 m (NSC et al. 2011, 2012). 

Further, indirect support for a relatively uniform depth distribution of older individuals of some of the 

Keeyask target species during their approach of trash racks comes from telemetry studies on the vertical 

distribution of fish in forebays and large rivers. Lahti (2003) found pikeperch (Sander lucioperca), the 

Eurasian ecological equivalent of walleye, to use a large range in water depth (1.2–30.8 m) in a Finnish 

hydroelectric reservoir during the summer. However, the vertical distribution of pikeperch differed 

seasonally with water temperature and between the sexes, indicating that particularly female fish moved 

from surface waters into deeper, colder (<10ºC) water in late July. Northern pike are often considered to 

be surface-orientated, preferring shallow vegetated areas in lakes, although habitat selection can be more 

versatile (Casselman and Lewis 1996). One of the few studies of pike movements in a large regulated 

river (up to 19.5 m deep) confirms that pike generally occupy relatively shallow water (<5 m), but that 

some individuals are regularly found at larger depths (Vehanen et al. 2006).  

The vertical distribution of lakes sturgeon likely differs from the other target species in that individuals 

spend most of their time on or near the bottom (e.g., Barth et al. 2009). This spatial habitat preference 

suggests that lake sturgeon will likely approach turbine intakes low in the water column. 
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In contrast to the lack of a clear vertical distribution pattern, Coutant and Whitney (2000) reported 

distinct horizontal patterns in fish distribution, indicating that many species, including walleye, yellow 

perch, and white sucker approach power stations mainly along the shoreline or other physical structures. 

This hypothesis is supported by data from Johnson et al. (1989) showing that fish approached the dam at 

the Vanceburg GS (three bulb units, 329 cms flow each) on the Ohio River mainly from one shore and 

that the turbine unit closest to this shore consistently entrained the largest number of fish (43%). These 

authors also found that between 83% (spring) to 96% (summer) of the fish detected by hydroacoustics 

immediately in front of the trash racks were actually entrained through the turbines (based on Fyke net 

captures in front of the turbine). However, only 0.3% of the entrained fish were larger game fish (sauger, 

channel catfish, white bass [Morone chrysops]), whereas 8% and 9% of the approximately 4,200 fish 

captured by gillnetting and electrofishing in the forebay were sauger and white bass, respectively (Johnson 

et al. 1989). 

The hydroacoustic studies at the Great Falls GS on the Winnipeg River also have documented substantial 

differences in fish entrainment among turbine units, indicative of shore-biased fish approach trajectories 

(NSC et al. 2012, 2011). However, this bias was not entirely consistent between the two study years and 

may have been affected by station operations. In 2012, Unit 6 closest to the north shore had the second 

highest discharge of all units over the study period and entrained more fish than the other five units 

combined. In 2011, when the discharge through Unit 6 was near average, Units 1 and 2 closest to the 

south shore entrained almost half of all fish.  

Slower (0.1–0.4 m/s) than maximum surface and depth-averaged (0.6–0.7 m/s) intake channel water 

velocities are expected to exist near the shorelines south and, particularly north of the channel upstream 

of the Kelsey powerhouse and near the bottom of the channel as it slopes down to a depth of 

approximately 32 m and before it forms a 50 m long, 3 m deep rock trap below the turbine intakes. Thus, 

it can be expected that most fish volitionally approaching the powerhouse area will primarily be moving 

within the relatively slow near-shore or bottom currents.  

Swimming Performance 

Fish approaching trash racks at turbine gates experience an accelerating flow field. For the proposed 

configuration of the Keeyask powerhouse and intake channel and with the reservoir at full supply level, 

surface (0.5 m depth) water velocities within the intake channel will increase from 0.56–0.69 m/s to a 

maximum of 1.25 m/s over the last approximately 15 m upstream of the trash racks. The average flow 

velocity through the trash racks of each unit ranges from 1.14–1.25 m/s over most of its height, with 

lower velocities near the bottom. Fish entrained into the flow immediately upstream of the trash racks, 

including impingement on the trash racks must be able to swim against such velocities long enough to 

first escape the steep velocity gradient followed by a section of the steady, fast flowing areas of the intake 

channel until they reach areas where maintaining position poses no problem and they can repay the 

oxygen debt (i.e., reduce elevated blood and tissue concentrations of anaerobic pathways metabolites; 

Brett 1964; Beamish 1978) accumulated during burst swimming (see below).  

The swimming performance or ability of fish has been categorized into three main types (Beamish 1978): 
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 Sustained swimming speed: occurs at relatively low velocities and can be maintained for long periods 

(>200 min) using energy derived from aerobic processes only without resulting in muscular fatigue; 

 Burst swimming speed: highest speed of which a fish is capable; the speed can be maintained for a 

short time (<20 seconds) and is fuelled by energy derived entirely from anaerobic processes; and 

 Prolonged swimming speed: covers the spectrum between sustained and burst speed and ends in 

fatigue. 

Because swimming speeds of fish in the wild are difficult to measure and fatigue can rarely be assessed, 

swim chambers have been developed in which fish are forced to swim in a small tube against uniform 

current velocities (see reviews in Beamish 1978; Castro-Santos and Haro 2010). One of the key metrics of 

swimming capacity developed in conjunction with the swimming chambers is the so-called critical 

swimming speed (CSS), measured by gradually increasing current speeds by approximately 10 cm/s every 

60 minutes until the fish fatigue (Brett 1964). Originally designed to measure sustained speed, the time 

step has subsequently been reduced and CSS should be considered a comparative performance index 

(Castros-Santos and Haro 2010) or a special category of prolonged swimming. The following section 

summarizes literature data on the swimming performance of the Keeyask target species (TL= total 

length; FL= fork length). 

Lake Sturgeon 

 Information on lake sturgeon swimming performance has mainly been generated from hatchery-

reared fish, which likely have lesser swimming ability. 

 CSS range from 0.39 m/s at 15°C for juveniles of 15.7 cm mean TL (Webb 1986) to 0.97 m/s at 

14°C for fish >120 cm TL (Peake et al. 1997). 

 Burst speeds have been measured at 0.9 m/s for fish of 23–55 cm TL and at 1.8 m/s for fish 

106-132 cm TL (Peake et al. 1997; the test temperature was 14°C). 

 Maximum sustained speeds of fish of 23–55 cm TL increased from 0.12 m/s at 7°C to 0.26 m/s at 

21°C (Peake et al. 1997). The temperature effect decreased with increased swimming speeds, such 

that burst speeds were almost independent of temperature. 

 Exercised fish (108 cm mean TL) of hatchery origin volitionally ascended a 38 m long experimental 

fishway at mean speeds of 1.9–2.4 m/s (range 0.94–3.3 m/s) without an obvious effect of 

temperature in the range of 11.4–20.6°C (Kynard et al. 2011). 

Lake Whitefish 

 Only one study on lake whitefish swimming performance could be located, no information on burst 

speeds is available. 

 Bernatchez and Dobson (1985) measured CSS of 0.63–0.75 m/s at 5–17°C for fish of 10–39 cm TL. 

 Lake whitefish morphology and muscle structure is indicative of relatively strong swimming 

capabilities, at least compared to non-salmonid species; this species is known to pass rapids of a 
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length and mean current speed either too long or too high for passage based on critical swimming 

speeds (Bernatchez and Dobson 1985).  

Northern Pike 

 Based on regression equations published in Jones et al. (1974) CSS of fish of 12–62 cm FL can be 

calculated as 0.19–0.47 m/s; the test temperature was 12°C. 

 Burst speeds (<1 s) of 2.8–3.4 m/s for fish with a mean FL of 41.2 cm and at water temperatures 

between 8–12ºC (Frith and Blake 1995). 

Walleye 

 Based on regression equations published in Jones et al. (1974) CSS of fish of 8 – 38 cm FL can be 

calculated as 0.38–0.84 m/s; the test temperature was 19°C. 

 Peake et al. (2000) measured burst speeds of 1.6–2.6 m/s for fish of 8–67 cm FL at temperatures of 

6–21ºC. 

 Fish of approximately 32 cm FL could maintain burst speeds of up to 4.0 m/s for approximately 

11 seconds (Castro-Santos 2005). 

The above values from swimming performance tests do not necessarily reflect the true swimming 

capacity of the target species. Swimming speeds obtained in forced performance tests inside of small 

laboratory swimming chamber do not adequately represent the performance of unrestricted fish in the 

wild, because the laboratory tests limit the range of potential swimming behaviours (e.g., Tudorache et al. 

2007, 2010). Therefore it is not surprising that free-swimming fish allowed to enter the swimming test 

arena within large flumes volitionally, consistently exhibit swimming speeds and stamina well in excess of 

those confined to a chamber and subjected to artificial stimulation (Haro et al. 2004; Peake 2004a; 2008; 

Castro-Santos 2005; see last bullet for walleye).  

It should also be noted that most swimming performance tests are conducted at temperatures known to 

be near the performance optimum for the species. Fish swimming capacity can be compromised at 

suboptimal temperatures, as has been shown for lake whitefish (Bernatchez and Dodson 1985) and lake 

sturgeon (Kynard et al. 2003). It can be assumed that adults of the target species mainly move, and 

potentially encounter the trash racks during times when water temperatures will not substantially affect 

their swimming capacity.  

In summary, current speeds that are expected to exist at and near the Keeyask trash racks are unlikely to 

impose velocity barriers or traps for healthy, adult fish of the target species, particularly considering the 

likely bottom oriented approach of the relatively weaker swimmer, lake sturgeon.  

Fish Exclusion by Trash Racks 

Trash racks can also act as behavioural barriers to fish. Trash rack bar dimensions, spacing, and 

orientation affect water flow characteristics (Katopodis et al. 2011) which in turn cause fish behavioural 

responses as has been demonstrated in laboratory experiments (Hanson and Li 1983; Floyd et al. 2007; 

Enders et al. 2009; Russon et al. 2010; Silva et al. 2011). However, information relevant to realistic flow-
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conditions found at hydroelectric GS is lacking or speculative (McKinstry et al. 2005; Jansen et al. 2007). 

Altered behaviours, such as changes in head-tail orientation (Hanson and Li 1983), aggregation (Floyd et 

al. 2007), searching and upstream escapement (Calles et al. 2010) may lead to migratory delays or render 

fish more vulnerable to predation (Neitzel et al. 1990, cited in Baumgartner 2005), but will not 

permanently exclude motivated fish from moving downstream. However, if these fish are physically 

unable to pass the openings between the bars, they will be excluded from moving into the turbine flow 

or, if no alternative passage route exists, from moving downstream of the GS.  

A recent study by Dale Wrubleski (Research Scientist, Wetlands Institute for Wetland and Waterfowl 

Research, Ducks Unlimited Canada) who monitored the movement of fish trying to enter Delta Marsh 

(Lake Manitoba) provides relationships of body length to body width for some target species. These 

length-width relationships are presented in Table 1. 

From the data provided in Table 1 it is apparent that, based on physical dimensions alone, none of the 

target species except lake sturgeon grow to a size that would result in their physical exclusion during a 

head on approach of the Keeyask trash racks. Up to 5% of the number of adult lake sturgeon captured in 

large mesh gill nets in the Keeyask area would be physically excluded by a 16.75 cm clear bar spacing. 

However, a clear spacing of as small as 11 cm would not exclude even the largest individuals of the other 

four target species from the turbine flow. 

Assuming that most fish approach the racks from a position close to the shore and/or will exhibit a 

behavioural avoidance response to the accelerating flow field within the immediate area in front of the 

racks, they may not face the bars head on but at an oblique angle. In that case or if adult individuals of 

the target species are unable to maintain rheotactic orientation immediately in front of the trash rack, they 

could suffer lateral impingement. Considering the prevailing water velocities at the trash racks and the 

swimming capacities of the target species, permanent lateral impingement is unlikely to occur. 

Fish Impingement on Trash Racks  

Three alternative outcomes have been documented for fish approaching trash racks: upstream 

escapement, passage through the racks, and impingement on the racks (Calles et al. 2010). For fish 

motivated to migrate downstream such as European eel (Anguilla anguilla), escapement often is not 

permanent and at a Swedish hydroelectric GS approximately half of the initial escapees died as a result of 

impingement at the last attempt (Calles et al. 2010). The degree to which trash racks can become a fish 

hazard varies considerably between rack design (mainly bar spacing), fish species and local site conditions 

(Hadderingh and Bakker 1998; Odeh and Orvis 1998). Based on their swimming capacity and physical 

dimensions relative to the trash rack openings it is unlikely that individuals of the target (or any other) 

species will become permanently impinged on the Keeyask trash racks at the currently proposed rack 

spacing of 16.75 cm. However, because trash rack spacing may be subject to review and because 

impingement can represent a source of fish mortality at hydroelectric GSs (Calles et al. 2010), fish 

impingement and its consequences will be briefly discussed. 

There exists little data regarding water velocities that cause injury/mortality to fish due to impingement 

on trash racks (and similar physical barriers), or for minimum speeds required for fish to swim off such 

structures. Furthermore, most of the few existing studies are on small-bodied fish, species not present at 
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Keeyask, or juveniles of species considered useful surrogates of target species. For example, a narrative 

account of early (1952) laboratory experiments by Montén (1964) indicates that 5 cm-long European 

minnows (Phoxinus sp.) were trapped against a metal mesh screen (no dimensions given) at current speeds 

of 0.8 m/s. Current had to be reduced to 0.3 m/s for these fish to swim off the screen, and fish pressed 

against the screen for ~2 min at velocities of 1.8 m/s suffered serious gill injuries (Montén 1964). Peake 

(2004b) examined the ability of juvenile (3–7 cm fork length) northern pike to avoid impingement on 

irrigation intake screens. Pike never became impinged on screens (mesh size 0.25 cm2) at approach 

velocities of 0.15 m/s or less, impingement observed at 0.25 m/s did not result in injuries or mortality, 

and velocities of >0.35 m/s resulted in injury or death of at least 10% of the individuals. In laboratory 

experiments that primarily evaluated the efficiency of a bottom bypass in passing shortnose sturgeon 

(Acipenser brevirostris) past a trash rack with 5.1 cm spacing, Hogan et al. (2008) demonstrated that 1 year-

old fish were able to maintain swimming after contact with the rack at approach velocities of up to 0.61 

m/s. A laboratory study specifically designed to evaluate the response of adult European eel to bar racks 

(1.2 cm spacing), indicated that eels did not show avoidance behaviour prior to encountering the racks 

and reacted only after physical contact with the racks (Russon et al. 2010). These authors also found that 

eels did not get impinged or passed through vertical racks angled relative to the flow and leading to a 

bypass, whereas impingement and passage was frequent for horizontally inclined racks facing the flow 

and without a bypass. Frequency of impingement was higher under low discharge (0.13 m3/s) while 

passage through the upright rack was common under high discharge (0.28 m3/s), and impinged eels could 

swim off the rack at water velocities of 0.9 m/s (Russon et al. 2010). A companion telemetry study at a 

hydroelectric GS (turbine discharge of approximately 65 m3/s) found that tagged eels could escape 

upstream from approach velocities at the trash racks (2.0 cm clear bar spacing) of 0.87–1.04 m/s, but that 

all fish (19 out of 35 attempting passage) that became impinged, died (Calles et al. 2010). Substantial 

impingement mortality was further indicated by the more than 240 untagged eels that were retrieved from 

the trash racks during the four-week long study. 

Conclusions 

The currently proposed 16.75 cm clear bar spacing of the Keeyask trash racks will likely not prevent or 

interfere with the downstream movement of the vast majority of fish approaching the racks. Depending 

on their approach trajectory and orientation, some of the largest fish of the target species may get initially 

impinged on the racks. Most of these fish should have the capacity to swim off the racks and move 

upstream. Some of the impinged fish, particularly if their swimming capacity is compromised may be 

pushed through the bar spaces by the current when trying to move off the rack. A few fish may not be 

able to swim off the racks and, consequently, suffer severe injuries resulting in death. As a large 

proportion of the fish that may get impinged on the trash racks can expected to be mature individuals 

actively moving downstream, these fish likely make repeated attempts at passing the Keeyask GS. A 

reduction of the currently proposed bar spacing may result in a reduction in the numbers of fish closely 

approaching the bar racks (increased behavioural exclusion) and an increase in both the 

number/proportion of fish being unable to swim off the rack after initial impingement and becoming 

permanently impinged on the racks or forced through the racks (increased mechanical exclusion, 

potential increase in approach velocities). Overall, less fish will likely be entrained into the turbine flow 

than under the currently planned bar spacing. Due to the lack of baseline data, suspected non-linear 
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relationships between, for example, bar spacing and impingement rate, the relative frequencies of the 

different outcomes of trash rack encounter are difficult to predict. For example, there is evidence that 

trash rack spacing close to the mean body width of individuals of a target species/population results in 

high impingement mortality (Calles et al. 2010). When trying to evaluate design options for a hydroelectric 

GS to minimize fish mortality, individual passage routes should not be considered in isolation, but 

potential rates of injury and mortality have to be compared for each passage route including exclusion 

and bypass devises, to guide decisions on which option(s) will provide the best solution for a specific 

location. 
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Table 1: Regression equation, coefficient of determination (r2), number of fish, and 

length range of fish for the relationship between fork length (Lth) and 

body width (Wd) for target species. Max Lth represents the (theoretical) 

maximum length of a fish expected to fit through a clear bar spacing of 

16.75 cm 

Species Regression equation r2 n 
Lth range 

(mm) 

Max Lth 

(mm) 
Source 

Cisco Wd = -7.432 + 0.127 Lth 0.76 59 185–300 1375 
Wrubleski 

pers. comm. 2010 

Northern pike Wd = -7.392 + 0.105 Lth 0.91 211 230–815 1665 
Wrubleski 

pers. comm. 2010 

Walleye Wd = -18.55 + 0.179 Lth 0.83 76 298–740 1040 
Wrubleski 

pers. comm. 2010 

White 

sturgeon 
Wd = (0.2765 Lth 1.07)/π - - - 1350 Jager (2006) 
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1.0 INTRODUCTION 

The Keeyask Hydropower Limited Partnership1 is planning to construct the Keeyask Generation 

Project on the Lower Nelson River at Gull Rapids starting in July 2014. Representatives of the 

Keeyask Cree Nations, Manitoba Hydro, and biologists working on the Project, have been working 

together to develop a suite of measures to mitigate effects of the development on the aquatic 

environment under the auspices of the Keeyask Aquatic Working Group, which was formed in 

mid-2008. 

Development of the Keeyask Generating Station (GS) will affect lake sturgeon populations in the 

reach of the Nelson River between the Kelsey and Kettle GSs (Figure 1). To mitigate effects of the 

Keeyask GS on lake sturgeon, as well as support a broad-based recovery plan for this species, a 

mitigation package, comprised of habitat works and stocking, has been developed. Stocking is one of 

the most common mitigative strategies used to restore near-extirpated fish species from native 

environments and has been successfully employed for lake sturgeon in a number of locations 

throughout much of its range (Appendix 1). Stocking effectively improves recruitment by ensuring 

survival through the very young life history stages, thereby bypassing a significant portion of 

mortality that occurs in wild fish populations. The basic goal of any lake sturgeon stocking program 

is to establish, maintain or enhance a population within a designated area where suitable habitat 

exists.  

1.1 BACKGROUND 

Historically, the lake sturgeon was common throughout the Nelson River between Kelsey Rapids 

(now Kelsey GS) and Kettle Rapids (now the site of Kettle GS) as well as above and below these 

dams. Commercial exploitation of lake sturgeon in the upper Nelson River above Kelsey began in 

the early 1900s (MacDonell 1997). Over-harvest contributed to depleted sturgeon stocks throughout 

the province and the commercial fishery collapsed several times before it was closed permanently in 

1992. In addition to commercial harvest, lake sturgeon numbers have declined at all locations on the 

Nelson River where the construction of generating stations has altered habitat for specific life history 

requirements such as spawning. Lake sturgeon populations remain in several portions of the Nelson 

River, including the reach between the Kelsey and Kettle dams, and also are present in the 

Burntwood River between First Rapids and Split Lake.  

                                                      

1 The Keeyask Hydropower Limited Partnership is planning to construct the Keeyask Generation Project is 

comprised of four limited partners and one general Partner. The four limited partners are Manitoba Hydro, 

Cree Nation Partners Limited Partnership, York Factory First Nation Limited Partnership, and Fox Lake Cree 

Nation Keeyask Investments Inc. The Cree Nation Partners Limited Partnership is controlled by Tataskweyak 

Cree Nation (TCN) and War Lake First Nation (WLFN). The York Factory First Nation Limited Partnership is 

controlled by the York Factory First Nation (YFFN). Fox Lake Cree Nation Keeyask Investments Inc. is 

controlled by Fox Lake Cree Nation (FLCN). The general partner is 5900345 Manitoba Ltd., a corporation 

wholly owned by Manitoba Hydro. 
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Figure 1. Map of Kelsey to Kettle GS reach. 
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The lake sturgeon has been assessed as a “heritage species” in Manitoba and has been assessed as 

endangered, threatened or of special concern in western Canada (i.e., those in Manitoba, 

Saskatchewan, and Alberta) by the Committee on the Status of Endangered Wildlife in Canada 

(COSEWIC 2006). Presently, the lake sturgeon is under consideration for listing under Schedule 1 of 

Canada‟s Species at Risk Act (SARA), in which lake sturgeon in the Nelson River from Lake Winnipeg 

to Hudson Bay has been assessed as endangered and this reach is referred to as “Designatable 

Unit 3”. As part of the SARA process, a Recovery Potential Assessment (RPA) has been prepared 

(DFO 2010). Within the RPA report, the Kelsey to Kettle reach of the Nelson River is listed as 

Management Unit (MU) 3. 

1.2 OBJECTIVES 

Maintaining or developing sustainable lake sturgeon populations in the Project area following 

development of the Keeyask GS is an important post-Project objective. In addition, the overall 

mitigation program developed for the Keeyask GS should consider the regional goal of recovery of 

lake sturgeon in the Nelson River, with the specific intent that development of the Keeyask GS 

should not preclude the recovery of lake sturgeon in the Nelson River, as set out in the DFO (2010) 

RPA. 

During development of the stocking strategy, several information gaps were identified that need to 

be addressed before the strategy can be finalized. In addition, this strategy provides for an adaptive 

approach, as it is expected that all aspects of the strategy, including spawn collection, rearing and 

release, will be refined as additional information is obtained. 

The program is comprised of three phases (note that conduct of these phases may overlap and that 

phases are not independent): 

1. Planning phase – this phase provides the overall framework for the program, and refined the 
objectives to enable creation of a site-specific plan. During this phase, the need for 
additional information was identified and addressed through specific data collection 
programs. Specific activities included identification of: 

a. Target locations for stocking 
b. Target numbers, fish ages and duration of stocking program  
c. Source of brood stock  

2. Pre-implementation phase – this phase addresses the practical issues related to 
implementation of the stocking program and includes investigations to address potential 
issues. It should be noted that additional requirements for field trials will likely be identified 
as investigations continue. Specific activities identified to date include: 

a. Assessment of brood stock collection 
i. Assessment of numbers of mature fish by spawning location 
ii. Assessment of the use of a hormone (Ovaprim) to facilitate collection of 

eggs and milt 
b. Assessment of rearing 

i. Investigations of potential lake sturgeon diseases and disease transmission 
ii. Evaluation of rearing conditions with respect to temperature and food 

supply  
c. Monitoring and assessment of post-release success 

i. Assessment of survival rates (to enable refinement of stocking target 
numbers) 
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ii. Comparison of survival rates of fingerling and yearling fish 
iii. Measurement of movements from area of release 

3. Implementation phase – this phase would mark the transition from a planning/information 
gathering program to implementation with the objective of supporting the sturgeon 
population in the directly affected area, and assisting in long-term recovery in the Keeyask 
region. A detailed plan for this phase will be developed after results of the planning and pre-
implementation phase are available.  However, it is recognized that the implementation 
phase would be comprised of three stages:  

a. Construction – during this phase, priority would be given to stocking into areas 
where spawning may be disrupted due to construction activities, in particular in 
Stephens Lake and, to a lesser extent, Gull Lake. The intent would be to improve 
recruitment during years when construction related activities may affect spawning 
success. 

b. Operation – this phase would comprise approximately the first two decades of 
operation, when the largest physical changes in the environment are expected. The 
effectiveness of habitat mitigation measures and stocking will be assessed during this 
phase based on results of monitoring programs aimed at determining recruitment 
success, and in particular contributions of hatchery-reared and wild fish to each 
cohort. Adjustments to the stocking program may be necessary based on results of 
monitoring.  

c. Long term – stocking in this phase would be designed to provide long-term 
sustainable populations within MU3. The need for and locations of stocking would 
depend on the results of monitoring to determine population status.  

The following document is comprised of the following sections: 

Section 2: Planning phase 

Section 3: Pre-implementation phase  

Section 4: Next Steps 
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2.0 PLANNING PHASE 

The planning phase of the Keeyask lake sturgeon stocking strategy will address refining overall 

objectives of the stocking strategy, in terms of: 

1. Identifying locations to stock; 
2. Determining numbers and life stages of lake sturgeon to stock, and the duration of the 

program; and 
3. Identifying sources of brood stock. 

Several field investigations were undertaken in support of this phase, and, as discussed below, further 

refinements are expected as additional information is obtained. Input from the planning phase has 

been used to focus activities conducted during the pre-implementation phase (Section 3), which is 

focused on addressing issues related to the implementation of a lake sturgeon stocking strategy. 

2.1 IDENTIFICATION OF TARGET LOCATIONS   

As discussed in Section 1, lake sturgeon was historically abundant in the large river systems of 

northern Manitoba. Overall, waterbodies considered for mitigation as part of the Keeyask Project 

have been limited to northern Manitoba. 

The broad river reaches selected for consideration within the stocking plan were ranked according to 

the degree of impact on the population that can be attributed to the development of Keeyask, as 

follows: 

1. Direct effect of Keeyask GS on habitat/resident fish (Clark Lake to Stephens Lake reach); 
2. Keeyask GS within same Management Unit (MU3 from Kelsey to Kettle GSs); 
3. Keeyask GS within same Designatable Unit (Nelson River from Lake Winnipeg to Hudson 

Bay); and 
4. Other locations in northern Manitoba. 

Following selection of broad river reaches, potential locations within each reach were further 

evaluated with respect to the status of the current populations and availability of habitat to support 

all life history stages. The availability of habitat is important to support the goal of the stocking 

program, which is to establish self-sustaining populations. 

2.1.1 Selection of River Reaches 

The area that will be directly affected by the Keeyask Project is the reach of the Nelson River 

between Clark Lake and the inlet to Stephens Lake. The upstream portion of this reach, from Clark 

Lake to Gull Rapids, will become the reservoir of the Keeyask GS, while the lower portion will form 

the tailrace and immediate downstream environment of the GS. This downstream area is part of 

Stephens Lake. Habitat in this reach will be substantially altered, and habitat works are planned with 

the objective of providing requirements to support all life history stages.  Stocking in this reach is 

considered the top priority for this stocking plan. 

Management Unit 3 is the reach of the Nelson River between the Kelsey and Kettle GSs. Sturgeon 

use of this area can be broadly divided into three groups: Upper Split Lake (sturgeon use is 
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concentrated in the Nelson River below the Kelsey GS, the Grass River and the Burntwood River to 

First Rapids), the Clark Lake to Gull Rapids reach, and Stephens Lake. Stocking in the Clark Lake to 

Gull Rapids reach and the area immediately downstream of the GS has already been identified as the 

top priority. Stocking in other portions of MU3 have been assigned a secondary priority level. 

The Nelson River (DU3) was historically comprised of several sturgeon populations. The 

management units upstream of the Kelsey GS are currently being addressed by the Nelson River 

Sturgeon Management Board and so are not considered further in this plan. The Kelsey to Keeyask 

reach was considered above. The DFO (2010) RPA for the lower Nelson River identified the Long 

Spruce (MU4) and Limestone forebays (MU5) in assessing potential for recovery of lake sturgeon. 

For the purposes of this document, these forebays were assigned as the third priority of the stocking 

plan (subject to further evaluation of potential sturgeon habitat quality and availability). Downstream 

of the Limestone GS, the Nelson River supports a substantial population of lake sturgeon and 

stocking is not required. 

With respect to other river systems in northern Manitoba, the Hayes and Churchill systems are both 

known to support sturgeon populations. The Hayes system is largely undisturbed by development, 

and therefore, stocking has not been considered for this area. The status of lake sturgeon in the 

Churchill River is not well known, though the river at the confluence of the Little Churchill River is 

known to support a population of lake sturgeon. Genetic evaluation has indicated that this is a 

distinct genetic stock (Cote et al. 2011). Given that this river is outside of the Designatable Unit and 

the stock is clearly distinct from that found in the Nelson River, stocking efforts will be focused on 

the Nelson River. If it is found that there is no potential for successful stocking projects in the 

Nelson River system, targeting other river systems would be revisited. 

In summary, the Nelson River between the Kelsey and Limestone GSs was selected for further 

examination for suitability for stocking.  

2.1.2 Selection of Locations within River Reaches 

The overall analysis of broad river reaches identified the Nelson River between Kelsey and 

Limestone GSs as providing potential locations where population enhancements through stocking 

could contribute to the mitigation of effects of the Keeyask Project.  This mitigation would 

ameliorate site-specific effects, as well as contribute to the recovery of the regional lake sturgeon 

stock. These areas were further examined to determine whether habitat was available to support all 

life history stages, such that a self-sustaining population could be established. 

Lake sturgeon in the Kelsey to Kettle reach of the Nelson River occupy three general areas:  

1. The Split Lake Area -  includes the Nelson River from below Kelsey GS to the outlet of Split 
Lake and the Burntwood River from First Rapids to Split Lake;  

2. The Keeyask Area - includes the reach of the Nelson River extending from the inlet of Clark 
Lake to the upstream end of Gull Rapids; and  

3. The Stephens Lake Area (downstream of Gull Rapids to Kettle GS) (Figure 1).  

Each of these areas currently supports a spawning population.  

Studies conducted for the Keeyask Generation Project environmental assessment provided 

information regarding population size, existing habitat, success of current reproduction and relevant 
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life history information for each of the three areas. These data were used as a basis for designing the 

stocking strategy for Keeyask. For example, key considerations for the design of the Keeyask 

stocking strategy such as the feasibility of collecting lake sturgeon gametes in the study area, locations 

to introduce hatchery reared fish, and the relative importance of each area for receiving hatchery 

reared fish, described later in this document, were based on these data.  

Specific studies to address lake sturgeon populations in the Long Spruce and Limestone forebays 

were not conducted as part of the Keeyask technical studies; however, ATK from the Fox Lake Cree 

Nation (FLCN) indicates that sturgeon were present in these sections of the Nelson River prior to 

hydroelectric development but were substantially reduced following construction of the dams.  

Split Lake Area 

Lake sturgeon population estimates generated from mark and recapture data collected during EA 

studies (2001 – 2007) for the Split Lake Area ranged from 249 to 1,511 adult fish with the most 

recent estimate (2007) at 861. This area contains one known lake sturgeon spawning location, First 

Rapids on the Burntwood River. In addition, lake sturgeon are known to have historically spawned in 

Grass River below Witchai Lake Falls and in the Nelson River downstream of Kelsey Falls (now the 

Kelsey GS; MacDonell 1997). Despite substantial effort during EA studies, conclusive evidence of 

spawning or successful recruitment from either of these areas has not been found. However, based 

on the information collected during EA studies, it is clear that a remnant lake sturgeon population 

exists in this area. 

In 2010, a coarse scale habitat inventory was conducted in the Split Lake Area, which included four 

rivers: a) the Burntwood River; b) the Odei River; c) the Nelson River downstream of Kelsey GS; 

and d) the Grass River (Henderson et al. 2011). Habitat suitable for spawning, rearing, and foraging 

for each life history stage (young-of-the-year (YOY), sub-adult (~200-833 mm) and adult (≥ 834 mm 

FL)) of the lake sturgeon was found in the Burntwood, Nelson, and Grass rivers. In the Odei River, 

however, the substrate was composed predominantly of fine particles (i.e., silt/clay) and water 

velocities were low, suggesting that suitable rearing habitat for YOY lake sturgeon may not exist. 

Although the Odei River may not provide habitat for YOY lake sturgeon, the presence of lake 

sturgeon from several age classes in the Burntwood River (Henderson et al. 2011) confirms that 

habitat suitable for each life history stage can be found in the Burntwood River downstream of First 

Rapids. In the Nelson and Grass rivers, EA studies have documented far fewer adult lake sturgeon 

(relative to the Burntwood River), despite the relatively high diversity of habitats. Given the diversity 

of habitat, historic reports of substantial sturgeon fisheries in both the Grass River and Nelson River 

downstream of Kelsey Falls, it is probable that suitable habitat for each life stage of the lake sturgeon 

exists in this area. Given that suitable habitat exists for each life stage of lake sturgeon in the 

Burntwood River, Nelson River near the Kelsey GS and the Grass River, these areas appear to be 

appropriate for stocking lake sturgeon. 

Finally, it should be noted that the Keeyask GS Project is not expected to affect lake sturgeon habitat 

in the Split Lake area. 
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Keeyask Area: Clark Lake Inlet to Gull Rapids 

Population estimates for the Nelson River between Birthday and Gull rapids (2001 to 2008) ranged 

from 344 to 1,275 adult fish with the most recent estimate (2008) at 643. This reach of the Nelson 

River contains two known sturgeon spawning locations: Long Rapids and Birthday Rapids. Based on 

EA studies, the lake sturgeon population in this reach of the Nelson River is considered to be 

remnant. 

Habitat suitable for each life history stage of the lake sturgeon is believed to exist in this reach of the 

Nelson River as evidenced by captures of young-of-the-year (YOY), sub-adult, and adult fish. In 

addition, results from telemetry studies indicate that lake sturgeon over-winter within this reach of 

the Nelson River. 

Construction of the Keeyask GS will alter water depth and flow conditions at Birthday Rapids as the 

upstream boundary of the open-water hydraulic zone of influence of the Project will be located 

between the outlet of Clark Lake and Birthday Rapids during open-water conditions. The alteration 

of water levels and flows at Birthday Rapids may render this area less suitable for spawning lake 

sturgeon. However, it is possible that lake sturgeon currently using Birthday Rapids for spawning will 

either continue to spawn at Birthday Rapids, or, move upstream to spawn at Long Rapids, which are 

not expected to be altered by the Project. Similar behaviours have been observed by adult lake 

sturgeon in Quebec (Richard Verdon pers comm). If monitoring indicates that sturgeon no longer 

spawn at Birthday Rapids, the potential to modify habitat immediately upstream will also be 

investigated. 

Further to the habitat alteration at Birthday Rapids, construction of the Keeyask GS will also alter 

habitat between Birthday Rapids and the Keeyask GS. Habitat suitability index models were 

developed for three lake sturgeon life history stages based on the habitat (depth, water velocity and 

substrate) expected to exist in the Keeyask reservoir post-Project. Outputs from these models 

suggest that ample foraging habitat for sub-adult and adult lake sturgeon will exist post-Project; 

however, the models predict a net loss of YOY habitat. Creation of YOY habitat has been identified 

in the Keeyask mitigation plan. If monitoring data suggests that post-Project natural recruitment is 

poor, YOY habitat will be developed. 

Stephens Lake 

Too few sturgeon were captured in the Stephens Lake area during EA studies to generate a 

population estimate. Gull Rapids is the only location in the Stephens Lake area that possesses habitat 

characteristics suitable for lake sturgeon spawning. Catches of YOY, sub-adult and adult fish in 

Stephens Lake, particularly in the riverine reach downstream of Gull Rapids, indicate that at least 

some rearing and foraging habitat exists for these life stages in the present day environment. In 

addition, telemetry studies have shown that lake sturgeon over-winter in Stephens Lake.  

Habitat suitability indices developed for YOY, sub-adult, and adult lake sturgeon indicate that there 

is currently little suitable YOY habitat in Stephens Lake. In addition, the Keeyask GS will eliminate 

all spawning habitat at Gull Rapids. In order to ensure that habitat suitable for each life history stage 

will exist following development of Keeyask, creation of a spawning structure downstream of the 

generating station powerhouse has been planned as a necessary mitigation action. Creation of a lake 
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sturgeon spawning area has been accomplished downstream of the Rivière des Prairies GS in Quebec 

and this area has been successful in increasing the spawning success of lake sturgeon (Dumont et al. 

2011). Further, habitat creation for young-of-the-year lake sturgeon is also being considered for an 

area downstream of the proposed spawning area. Should these habitat enhancement measures prove 

successful, then habitat suitable for each life stage of the lake sturgeon should remain in Stephens 

Lake post-Project. 

Long Spruce and Limestone Forebays 

Construction of the Long Spruce and Limestone GSs created the Long Spruce and Limestone 

forebays which have been in existence for approximately three and two decades, respectively. 

Although lake sturgeon populations within these forebays have not been studied extensively, similar 

to the Stephens Lake populations, lake sturgeon abundance appears to be too low to facilitate 

quantitative population estimates. In addition, it is unknown if natural recruitment of lake sturgeon is 

occurring within these two forebays. Young lake sturgeon (born after construction of the GSs) have 

been captured in both forebays, however, it remains unknown if these lake sturgeon are immigrants 

from areas further upstream in the Nelson River. 

As previously discussed, a successful stocking program aimed at the long-term restoration of a 

naturally sustainable population must meet several criteria including: a) existence of habitat suitable 

for the growth of each life history stage in the vicinity of each release location; b) availability of 

spawning habitat for introduced fish to use once they reach sexual maturity; and c) a location where 

suitable numbers of brood stock, genetically similar to wild fish, can be collected. These criteria are 

discussed below in reference to the Long Spruce and Limestone GS forebays. 

Habitat mapping of the Limestone and Long Spruce GS forebays indicated that the substrate was 

comprised almost entirely of coarse substrate such as bedrock, large boulders and cobble. 

Considering that rearing areas for larval and YOY lake sturgeon are thought to be composed of sand 

and gravel substrate, it is unknown if sufficient habitat suitable for the growth of each life history 

stage of the lake sturgeon exists within these forebays. Given the apparent lack of spawning lake 

sturgeon, it is difficult to determine the suitability of this habitat for larval sturgeon. 

The second criterion, availability of spawning habitat, may also not be met in either forebay. Given 

the low abundance of spawning lake sturgeon however, it is difficult to assess the suitability or 

availability of spawning habitat. Successful spawning has not been documented below either GS and 

although lake sturgeon are known to spawn at the base of hydroelectric generating stations, the 

quality and quantity of habitat downstream of both the Long Spruce and Limestone GSs is smooth 

bedrock which lacks interstitial spaces sturgeon may need for successful egg incubation. Spawning 

areas may need to be created downstream of these GSs to provide stocked lake sturgeon a place to 

spawn.  

The third criteria, that suitable numbers of brood stock with similar genetics exists to act as a donor 

population, could be met for these two areas.  Lake sturgeon from the Nelson River downstream of 

Limestone GS would likely be the most suitable for brood stock for these two forebays. 

In summary, because suitable habitat may not currently exist within the Long Spruce or Limestone 

forebays for each life history stage of the lake sturgeon, it was decided that lake sturgeon stocking 
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into either of the forebays would not be included in the Keeyask stocking strategy. Any future 

consideration of lake sturgeon stocking in either of the Long Spruce and/or Limestone forebays 

would likely necessitate the creation of spawning and rearing habitats to support population recovery. 

2.2 NUMBER OF FISH, AGE AT RELEASE AND 

DURATION OF STOCKING PROGRAM 

The following section provides a rationale for the proposed number of fish stocked, age at release 

and duration of the stocking program required to meet the DFO (2010) RPA objective for MU3 

(Kelsey GS to Kettle GS). The actual number of fish stocked and locations for stocking within MU3 

will depend on ongoing monitoring and assessment, the age at which fish are stocked, and the 

success of spawn collection and rearing. 

2.2.1 Number of Fish to Stock 

The determination of the number of fish to stock within MU3 was based on stocking rates for lake 

sturgeon at the fall fingerling life stage. Stocking plans for older (i.e., yearling) or younger life stages 

would be adjusted according to expected survival rates for those stages. 

Two approaches were followed to estimate the appropriate fall fingerling stocking density: 1) lake 

sturgeon stocking guidelines developed in Wisconsin; and 2) a recruitment model targeting reaching a 

specific adult spawning female population over the course of the program. 

Wisconsin Guidelines  

The Wisconsin Guidelines were developed based on Wisconsin rivers, which are smaller than the 

Nelson River. These guidelines suggest that fall fingerlings should be stocked at a rate of 

80 fish/river mile (50 fish/river km). The river length in MU3 is 213 km; this was calculated by 

measuring river length from Kelsey GS to Kettle GS, plus the river length from First Rapids to a 

mid-point in the upper portion of Split Lake, plus the distance from the apex of the north arm of 

Stephens Lake to a mid-point in Stephens Lake. Based on the estimated river length, the Wisconsin 

Guidelines prescribe an annual fall fingerling stocking rate of 10,650 fish. As noted above, these 

guidelines are based on smaller rivers than the Nelson River; therefore, these estimates may be low. 

Lake Sturgeon Recruitment Model 

The DFO (2010) RPA provides a target number of a minimum number of 413 spawning females to 

achieve healthy, viable populations of lake sturgeon in each MU. To obtain an upper estimate on the 

number of sturgeon that could be stocked, targets for the release of fall fingerlings into the combined 

three reaches (Upper Split Lake, Nelson River between Clark Lake and Gull Rapids, and Stephens 

Lake) were developed based on a recovery target of 500 Adult Spawning Females (ASF) per year 

(which equates to 2500 ASF in the population based on females spawning every five years) within 

three generations (90 years) over the three areas combined.  

The number of fall fingerlings required for stocking each year to achieve the ASF objective was 

derived through construction of a lake sturgeon life table with age, survival at age, and fecundity. The 

stocked cohorts were propagated through time using a matrix. For surviving spawning fish at each 
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age over 25 years, a fecundity value was calculated based on literature values and a fecundity with age 

function was applied. The eggs that hatched and survived to fingerling stage were added to the 

population each year and the cycle repeated. The contribution of the existing population of “wild” 

adult spawning females to meeting the Management Unit ASF objective was not included in the 

recruitment model. Consequently, recruitment model results represent an over-estimate of the 

number of stocked fish required to meet the recovery target.   

Three potential scenarios were explored and compared to determine the potential impact that 

ongoing harvest would have on the time to achieve the ASF objective (Figure 2). The stocking rate 

chosen for this comparison was the minimum rate that would achieve the ASF objective with both 

natural and fishing mortality factored into the adult survival rate.  

1. Unexploited Population – This scenario (Figure 2 - top-most graph) assumes that only 
natural mortality (6.7%) would determine adult survival rates (i.e., no lake sturgeon fishing). 
Under these conditions, annual stocking of 19,722 fall fingerlings (includes both sexes at 
assumed 1:1 gender ratio) for 25 years would achieve the 2500 ASF objective in 32 years. 
Survival rates used in the model were as follows: 

 0.300 annual survival of fall fingerlings; 

 0.6998 annual survival of one-year olds; and 

 0.933 annual survival for lake sturgeon older than two years of age (juvenile through 
all adult year classes). 

2. Exploited Population – This scenario (Figure 2 – middle graph) shows how fishing 
mortality (in addition to natural mortality) would affect attainment of the ASF objective 
under the same stocking plan as above. No direct estimate of fishing mortality is available 
for the area. Therefore, an estimate of 8.3% was derived from the difference between the 
estimated population survival in the Nelson River between Clark Lake and Gull Rapids 
(85%) and the average adult survival provided by DFO (2010) (93.3%). Use of this estimate 
may result in an over-estimate of the effects of fishing mortality on the population as it was 
applied to the entire Kelsey to Keeyask reach, and fishing mortality in the other parts of the 
reach may be lower than in the Clark to Gull Rapids reach. Survival rates used in this run of 
the model were as follows: 

 0.300 annual survival of fall fingerlings; 

 0.6998 annual survival of one-year-olds; 

 0.933 annual survival for year classes two through 24; and 

 0.8496 annual survival for fish older than 24 years. 

The modelled results show that at the same stocking rate and duration (i.e., 25 years) as 
above, the 2500 ASF objective would be met at approximately year 45. However, within 
five years the ASF population would begin to decline, reaching 500 ASF by year 90 and 
continuing a slow decline thereafter.  

3. Exploited Population but with Enhanced Stocking to Maintain ASF Objective – 
Survival rates at each life stage for this scenario (Figure 2 – bottom graph) are identical to 
those used in the middle graph. In this case, the ASF objective in the exploited population 
would be met the same as above (approximately 45 years). However, to sustain and grow the 
ASF population, stocking would be required for as long as annual fishing mortality remained 
at or above the estimated rate of 8.3%. In the example shown, continued stocking at a 
constant rate of 19,722 fall fingerlings would result in growth of the ASF population to 
approximately 3,900 fish by year 90. Stocking at this rate would meet and exceed the DFO 
RPA objective. 
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Figure 2.  Adult spawning female (ASF) population response to fall fingerling stocking: Upper 

graph – stocking with no harvest; Middle graph – stocking with harvest (8.3% fishing 

mortality); Lower graph – stocking to compensate for harvest.   
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In the Exploited Scenario (i.e., assumes a constant annual 8.3% fishing mortality), to achieve the 

same objective in the same time frame as in the Unexploited Scenario, an annual stocking rate of 

19,770 fall fingerlings would be required. However, to maintain the ASF population at or above the 

objective, ongoing stocking would be required in perpetuity providing fishing mortality remained at 

the current rate.  

Of these three scenarios, it is recommended to use Scenario 3 as the basis for setting initial annual 

targets for stocking density. It is assumed that a sturgeon harvest on the Nelson River would 

continue since it is culturally important. It is important to note that lake sturgeon year-class strength 

and the proportion of the hatchery reared versus wild fish that comprise each year class will be 

monitored annually. Stocking rates would be modified based on monitoring results, to avoid either 

under or over-stocking. 

Recommended Stocking Rate based on Fall Fingerling Stage 

Using the Wisconsin Guidelines as a basis for determining the density of fish to be stocked, a fall 

fingerling stocking rate of 10,650 fish/year, annually over one generation or 25 years, would be 

recommended. However, stocking at this rate does not explicitly account for any assumed fishing 

mortality and may be too low considering the Wisconsin guideline was developed based on rivers 

smaller than the Nelson River.  

Summary and Recommendation 

The lake sturgeon recruitment model (Unexploited Scenario) indicates that, in the absence of fishing 

mortality, a stocking rate of 19,722/year for 25 years would achieve the ASF objective (DFO RPA) 

within 32 years. However, an analysis of how different rates of annual stocking affect the time (and 

cost) to achieve the long-term ASF objective indicates that stocking at a rate of 10,440/year for 

25 years would attain the ASF objective in 45 years (Figure 3). This stocking rate appears to be the 

most cost-effective rate at which to stock fall fingerlings to achieve the DFO (2010) RPA objective 

within a reasonable period of time (i.e., within three generations). In the absence of fishing mortality, 

the ASF objective would be sustained over the long term at or above that level. This rate is essentially 

(and coincidentally) the same as the rate derived using the Wisconsin Guideline. 
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Figure 3. Relationship between number of lake sturgeon fall fingerlings (male and female) 

stocked and time to meeting the adult spawning female objective. 
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2.2.2 Age of Fish to Stock 

Larvae (feeding stage; following yolk sac absorption), fall fingerlings (17 weeks old) and spring 

yearlings (1 year old) are the three life stages being considered for stocking. Advantages and 

disadvantages that are being considered in determining which life stages to stock are described below: 

 Larval (feeding stage) fish have the advantage of lower rearing costs; however, mortality is 
considerably higher than older life stages due to starvation and predation once fish are 
released from the protective hatchery environment. Whether or not earlier life stage 
introduction to their receiving environment would result in higher future reproductive 
success is unknown, but it has been suggested that fish introduced at an early life stage 
would benefit in the long-term from effects of natural selection on maintaining desirable 
within-population genetic variation (Welsh et al. 2010). Habitat requirements of larval lake 
sturgeon are poorly understood, and further, uncertainties remain regarding the availability 
of this habitat following construction of the Keeyask GS. The number of larval sturgeon that 
are hatched in the hatchery may exceed the rearing requirement for fall fingerling and spring 
yearling release, as well as exceed the rearing capacity of the hatchery/rearing facility. Excess 
supply of larval lake sturgeon would be released into receiving reaches at locations in the 
same general area from which the gametes were sourced or where known YOY habitat is 
present.  

 Fall fingerlings are the life stage released in many stocking programs as survival is higher 
relative to larval fish, and there are fewer uncertainties regarding the availability of suitable 
habitat. Crossman (2008) reported that recapture rates and dispersal distances were 
significantly higher for fish stocked at 17 weeks than for fish released at earlier ages. 
Additionally, given the uncertainty with the suitability of early young-of-the-year rearing 
habitat in the Keeyask reservoir, the release of fall fingerling may be more successful than 
the release of larvae. Although fall fingerlings cost more to raise than larvae/fry, the cost is 
significantly less than culturing the fingerlings over the winter. Literature sources suggest a 
first winter survival rate for fall released fingerlings of between 20 and 40% (Aloisi et al. 
2006; Crossman et al. 2009). 

 Spring yearlings would have the advantage of even higher survival relative to the earlier life 
stages and would be least likely to be limited by available foraging habitat in Stephens Lake 
and the newly created reservoir.  Rearing costs would be the highest of the three life stages; 
however, the higher survival rate of one-year old lake sturgeon would also offset 
requirements to stock as many fall fingerlings to meet ASF recovery objectives. Other 
factors as noted by Welsh et al. (2010) (such as natural selection) need to be considered when 
making decisions on early versus later fish release. 

The life stages proposed for stocking would depend on the availability of suitable habitat to support 

each life stage during and following construction of the Keeyask GS, the year-to-year variation in the 

supply of gametes, and consideration of survival rates versus rearing costs associated with each life 

stage. Population monitoring post-Project will play a key role in determining year-class strength and 

the relative contributions to each cohort from hatchery reared or wild fish. Monitoring will also be 

used to determine survival of each life stage of lake sturgeon released. These data will be used to fine-

tune the stocking program by determining the optimal number, life stage and location to stock lake 

sturgeon.   
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2.2.3 Duration of Program 

The Keeyask lake sturgeon stocking program is expected to be implemented for as long as required 

to achieve and maintain the stated DFO (2010) RPA objective for MU3. However, the focus and 

priorities attached to stocking program components are expected to change with time depending on 

Project phase (construction versus operation), habitat limitations, area-specific lake sturgeon 

population growth, and brood stock availability. 

As discussed in Section 1.2, monitoring would be conducted during the pre-implementation and 

implementation phases of the stocking program to determine the effect on fish populations and 

avoid potential effects of overstocking. The duration of the program could vary depending on 

location and monitoring results as follows: 

Short term – the aim of a short-term stocking program would be to prevent missing year classes in 

the sturgeon population in the Keeyask area during years of construction, as mitigation measures to 

support spawning and YOY rearing are refined. Therefore, stocking numbers and age at release 

would be modified once it is understood how the natural processes may have been affected by the 

project and how stocked lake sturgeon are surviving in the wild. A short-term stocking program 

would continue while the Keeyask GS is under construction. 

Long term – the aim of a long-term stocking program would be to re-establish a sustainable 

population. Therefore, a long-term stocking program would continue through an entire generation 

(25 years). After 25 years, it is hoped that the number of naturally reproducing fish would be 

sufficient to sustain the population. For example, it is likely that the Stephens Lake area would be 

targeted with a 25-year program. 

Permanent – as discussed in Section 2.2.1, the rates of exploitation in these areas may be sufficient to 

require stocking in perpetuity to support the populations. Monitoring would determine if densities 

are reaching levels that are too high; otherwise, stocking could continue for as long as mortality rates 

exceed a self-sustaining recruitment rate. 

2.3 IDENTIFICATION OF “SOURCE” 

POPULATION 

In order for a stocking program to be successful, a population of lake sturgeon must be identified 

from which gametes can be collected. Several factors must be considered when selecting a suitable 

source population: 

1. The source population must be genetically similar, or as similar as possible, to the existing 
(remnant) population.  

2. The population must be large enough to provide sufficient gametes and genetic variability.  
3. It must be feasible to collect eggs and milt from the source population and transport 

fertilized eggs to a facility for rearing.  

Cote et al. (2011) provided an analysis of the genetic structure of lake sturgeon from three river 

systems in northern Manitoba: the Nelson River from Sipiwesk Lake to the Nelson River Estuary; 

the lower Hayes River; and the Churchill River at the confluence with the Little Churchill.  The study 
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found that the Churchill River sturgeon were distinct from the other groups. Within the 

Nelson/lower Hayes group, there was evidence for four subpopulations: the Landing River (Nelson 

River); Kelsey/Grass and Burntwood (Split Lake); Birthday/Gull (Nelson River reach from Birthday 

Rapids to Kettle GS); and lower Nelson/Angling/Weir/lower Hayes rivers. The level of genetic 

difference among these four groups was low. The importance of conserving this genetic 

differentiation is unknown, but maintenance of existing genetic structure is the preferred approach in 

conservation genetics (Welsh et al. 2010). With respect to the Keeyask stocking strategy, a 

conservative approach to maintaining the existing genetic structure would require obtaining gametes 

and rearing lake sturgeon from the same resident lake sturgeon subpopulation for each area of 

interest for stocking. However, given the low level of difference found among the sites, an alternate, 

less conservative approach would be to consider the Nelson River below the Kelsey GS as a single 

population. 

At least one known spawning location exists in each of the areas identified by Cote et al. (2011). 

However, in many cases, the total population and number of sturgeon spawning each year at some of 

these locations is small; pilot studies are being conducted to determine the feasibility of collecting 

gametes at these locations (Section 3.1). Even if spawn collection is feasible, the numbers of fish 

collected at some locations will be below recommended levels. Elliot et al. (2005) recommended that 

over 25 years, gametes should be collected from at least 250 different females. Although this goal 

would be difficult to achieve in the Keeyask area due to small populations, it would be feasible to 

collect eggs from a minimum of two different females annually. If the two females were crossed with 

a minimum of four males, this would ensure that genes from at least eight families were stocked 

annually. In addition, fish used for spawn collection will be marked for future identification to ensure 

that they can be recognized during subsequent spawn collection activities and not reused (i.e., the 

proposed plan would not retain adult sturgeon for use as brood stock). 

It should be noted that, despite the small subpopulation size at some locations, none of the 

subpopulations had lower than expected genetic diversity and are considered genetically „healthy‟ 

(Cote et al. 2011). In addition, recent work by Schueller and Hayes (2011) suggests that lake sturgeon 

have potentially lower minimum viable population sizes because the long-lived overlapping 

generations of lake sturgeon may buffer populations from inbreeding depression. Further, these 

authors suggest that populations between 80 and 150 individuals are required for long-term 

persistence. These studies, as well as additional genetic studies currently being planned for lake 

sturgeon in the Nelson River as part of Keeyask EA studies, will continue to contribute to 

refinement of this stocking strategy, specifically with regards to numbers of fish and numbers of 

families to stock. 

With respect to the third consideration listed above, the collection of spawn is feasible (see 

Section 3.1) from each subpopulation. Therefore, given the uncertainties surrounding genetic mixing 

of stocks, the initial stocking plan would likely attempt to maintain the existing genetic structure and 

collect spawn from the same subpopulations as will be stocked.  However, given uncertainties and 

difficulties associated with spawn collection, a second contingency strategy may be required. If the 

number of spawning fish is too small to support the above approach, then spawn will be collected at 

sites that are genetically the most similar to proposed stocking locations. 
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3.0 PRE-IMPLEMENTATION PHASE 

This phase addresses the practical issues related to implementation of the stocking program and 

includes investigations to address potential issues. It should be noted that requirements for additional 

field trials will likely be identified as investigations continue. 

Specific activities identified to date include: 

1. Assessment of brood stock collection: 

 Assessment of numbers of mature fish at potential spawn collection locations; 

 Assessment of the use of hormones (e.g. Ovaprim) to facilitate collection of 
gametes; and 

 Field trials of gamete collection and fertilization. 

2. Assessment of rearing: 

 Investigations of issues related to lake sturgeon disease and disease transmission; 

 Evaluation of the effect of water temperature on growth and survival rates; and 

 Evaluation of the effect of food type on growth and survival rates. 

3. Assessment of post-release success: 

 Assessment of survival rates (refine stocking objectives); 

 Comparison of survival rates of fingerling and yearling fish; and 

 Measurement of movements from the area of release. 

3.1 ASSESSMENT OF BROOD STOCK 

COLLECTION  

Within the Kelsey to Kettle reach, spawning is known to occur at First Rapids on the Burntwood 

River, and at Long, Birthday and Gull rapids on the Nelson River. On the lower Nelson River 

downstream of the Kettle GS, spawning has been documented at the Lower Limestone Rapids, and 

the Weir and Angling rivers. Due to the estimated small annual female spawning population size in 

the area between the Kelsey and Kettle GSs, it is rare to catch a female lake sturgeon in spawning 

condition from which eggs can be readily expressed. Lake sturgeon are more abundant in the Nelson 

River below the Limestone GS. Collection of lake sturgeon for brood stock at Lower Limestone 

Rapids would be difficult given fluctuating water levels during moderate to low flow years. Further, 

spawn collection at the Angling River would also be difficult due to the low abundance of spawning 

lake sturgeon. Therefore, due to the high abundance of spawning fish, and their relative ease of 

capture, the Weir River provides the best opportunity to collect sturgeon gametes.  

In spring 2010, field trials to capture spawning female lake sturgeon at First Rapids on the 

Burntwood River and at Birthday Rapids on the Nelson River did not yield any sturgeon from which 

eggs could be expressed. Given the relatively low numbers of spawning lake sturgeon, chances of 

capturing female lake sturgeon that would readily express eggs are low. One potential approach to 

spawn collection at these locations would be to inject a hormone that stimulates egg and milt 

production (e.g. Ovaprim), into fish that are maturing to spawn during the current year. Ovaprim is a 
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commercially available hormone that contains gonadotropin releasing hormone and a dopamine 

inhibitor. This hormone is used to stimulate and induce ovulation in adult female lake sturgeon and 

spermiation in male sturgeon. As an example, it has been used successfully from 2008 to 2010 to 

induce spawning in female lake sturgeon in the Winnipeg River (C. Klassen pers. comm.) and has been 

used during lake sturgeon spawn taking operations in the Rainy River (J. Hunter pers. comm.). The 

benefits of using a hormone such as Ovaprim to induce spawning in lake sturgeon include: 

1. Ensuring the collection of eggs and milt from wild spawning sturgeon;  

2. The coordinated collection of eggs from ovulating females; and 

3. Substantial increase in the volume of eggs collected from each female. 

While the use of Ovaprim has proved successful for collecting eggs and milt from lake sturgeon, little 

is known regarding the effects of Ovaprim on adult lake sturgeon. Manitoba Hydro has engaged a 

physiologist from the University of Manitoba to examine the following: 

1. The effect of Ovaprim on circulating blood and muscle levels of sex hormones, and the 

duration that these hormones persist in the blood and muscle;  

2. The influence of Ovaprim administration on the endocrine stress response; and 

3. The influence of Ovaprim administration on egg quality and fertilization success. 

Through systematic analysis of plasma and muscle hormonal levels, egg and sperm quality and female 

and male condition following administration of Ovaprim, this study will determine the effects of 

Ovaprim on fish condition, gamete quality and viability. 

Additionally, in spring 2011, the Nelson River Sturgeon Co-management Board (NRSB) conducted 

trials using Ovaprim during its spawn collection program on Nelson River near the mouth of the 

Landing River. Over 35,000 eggs were successfully collected, the largest number ever collected by the 

NRSB; without Ovaprim, the NRSB would likely have collected very few eggs and may not even 

have been able to fertilize them (D. MacDonald pers. comm.). Results of this initial field trial show that 

it is technically feasible to collect sturgeon gametes streamside using Ovaprim.  

3.2 ASSESSMENT OF REARING 

Sturgeon are presently reared in several hatcheries in the USA and Canada, including the Grand 

Rapids Hatchery in Manitoba. A new hatchery would be constructed in northern Manitoba to 

provide facilities to raise sturgeon for the Keeyask lake sturgeon stocking strategy. A new hatchery 

would be designed in consultation with individuals experienced in the design and operation of 

hatcheries. 

Several issues specific to sturgeon culture have been identified at existing sturgeon hatcheries, 

including the transmission of disease, feeding of larval sturgeon after the yolk sac has been absorbed, 

and the effect of temperature on growth (fish held at low temperatures to reduce the transmission of 

disease grow very slowly). 

Very little is known with respect to disease transmission among cultured lake sturgeon or the risks 

associated with transmission of diseases from cultured to wild fish.  Manitoba Hydro is funding a 
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study through the Department of Fisheries and Oceans (DFO) to improve the understanding of 

disease and disease transmission in lake sturgeon. The overall objective of this study is to generate a 

lake sturgeon infectious disease management plan that will work to prevent the spread of infectious 

diseases and minimize the incidence of disease in cultured lake sturgeon. 

One measure that may work to reduce disease infection in cultured sturgeon is rearing sturgeon at 

low water temperatures. This measure is currently being employed at the Grand Rapids hatchery but 

further investigation is warranted as young fish grow more slowly at low temperatures.  

The initiation of feeding of lake sturgeon immediately following absorption of the yolk sac and the 

switching of food types as the young fish grow may be associated with increased rates of mortality. 

Consultations with other hatchery operators and possible feeding trials in Manitoba will be used to 

identify an approach that achieves the optimum balance between mortality and cost. It should be 

noted that acceptable rates of mortality will vary depending on the success of initial egg collection 

and hatch. 

3.3 ASSESSMENT OF POST-RELEASE  

In order to monitor the success of any stocking program, hatchery reared fish must be marked prior 

to release. There are many challenges associated with marking very small fish; however, advances in 

technology are continually improving enabling smaller fish to be marked.  

Several options currently exist for marking small fish and some of these are listed below: 

1. Passively Integrated Transponder (PIT tags) – These are very small tags (8 mm now 

available) that have been successfully applied to fingerling lake sturgeon released into the 

Winnipeg River.  

2. Scute removal – This has been done successfully in several white sturgeon stocking 

programs along the west coast of North America. A different scute, or combination of 

scutes, are removed from lake sturgeon annually allowing determination of the year the 

sturgeon was released as well as differentiation from wild sturgeon. 

3. Coded wire tags – These are very small tags that can be inserted into lake sturgeon. A 

scanner is used to determine if a coded wire tag has been inserted into the fish; however, fish 

cannot be individually identified without removing it from the fish. Once removed, the tag 

can be read under a microscope to determine the tag number. 

4. Visible Implant Elastomer – This is a plastic that is injected into the fish under the skin. It is 
visible for two to three years following implantation.     

In addition to the techniques listed above, sturgeon raised to yearling size could be tracked with 

conventional telemetry tags. 

The specifics of programs designed to monitor the survival of stocked lake sturgeon, and their 

behaviour relative to wild sturgeon, will be determined when hatchery-raised sturgeon are available, 

as specifics of the program would depend on the source of the brood stock and number of sturgeon. 
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4.0 NEXT STEPS (2012 – 2037)  

With the planned date for the start of construction of the Keeyask GS in 2014, it is recommended 

that a preliminary lake sturgeon stocking trial be conducted as soon as possible (i.e., spring 2012). A 

preliminary stocking trial would have numerous benefits: 

 Further refinement of spawn collection and rearing techniques;  

 Identification of equipment needs and number of personnel required; 

 Allow an opportunity to train KCN members how to collect gametes and rear lake sturgeon 
in a hatchery; and 

 Allow participation by numerous individuals in the rearing and release (e.g., conservation and 
awareness program). 

Following completion of the preliminary stocking trial and its successes/failures, refinements to this 

plan will be made to improve the success of the stocking plan. 

Following completion of the trial stocking program in 2012, a ten-year plan to encompass the 

construction of the Keeyask GS would be developed.
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APPENDIX I 

FEASIBILITY OF SUCCESS – WHAT IS KNOWN FROM ATTEMPTS AT STOCKING 

LAKE STURGEON IN OTHER LOCATIONS 

OVERVIEW 

Conservation-based lake sturgeon stocking programs have been conducted in numerous jurisdictions 

within the United States since the early 1980s (Menominee and St. Louis rivers, WI). Since then, each 

state bordering the Great Lakes, plus a number of other states that lake sturgeon historically 

occupied (Red River of the North, MN; Coosa River GA; Mississippi and Missouri rivers, MO), have 

implemented stocking programs with the aim of restoring self-sustaining populations. In Canada, 

lake sturgeon stocking initiatives have been undertaken in Quebec, Manitoba, and Saskatchewan.  

Lake sturgeon stocking programs, at virtually each location that they have been attempted, have 

demonstrated the ability to culture and rear young sturgeon in either a hatchery or stream-side 

rearing facility. In addition, most programs have succeeded in releasing young fish into the wild and 

demonstrating adequate survival and growth of the released fish.   

Recently, researchers studying a population of lake sturgeon comprised entirely of re-introduced 

stocked fish, found evidence of natural reproduction. Lake sturgeon (Lake Winnebago strain) were 

stocked into the St. Louis River, a tributary of Lake Superior, over a 25-year period starting in the 

early 1980‟s. Monitoring of this population prior to 2011 confirmed that the stocked fish were 

growing and that several age classes were present (Schram et al. 1999). Genetics analysis from fish 

naturally recruited in spring 2011 confirmed that these were Lake Winnebago strain fish and 

therefore, stocked fish had spawned approximately 30 years following the initial reintroduction of 

lake sturgeon into the river (R. Bruch pers. comm.). This is the first recorded evidence of natural 

reproduction in lake sturgeon resulting from stocked fish.  

What follows are some examples of stocking plans and strategies that are being employed in other 

jurisdictions, as well as a brief summary of a few stocking programs that have been undertaken in 

North America, including Manitoba. 

WHAT CAN BE LEARNED FROM EXISTING LAKE STURGEON STOCKING PROGRAMS  

GUIDELINES FOR STOCKING 

Stocking guidelines were developed for the rehabilitation of lake sturgeon in Michigan State 

watersheds (Elliot et al. 2004 in Quinlan et al. 2005). Guidance was provided for:  

 evaluating the appropriateness (and success) of stocking;  

 the selection of donor populations;  

 the collection of gametes;  

 mating schemes;  

 numbers to stock; and  

 rearing and release techniques.  

Each of the items listed above (bold text) are described below. 



Keeyask Lake Sturgeon Stocking   Draft: 2012 April 

25 

Evaluation - Prior to initiating rehabilitation, the underlying reasons why a system is not populated 

or why a remnant population is at risk should be understood. Stocking should only be initiated when 

water quality and habitat are capable of supporting stocked fish. Furthermore, the system should be 

capable of supporting natural reproduction by the time stocked fish mature. Evaluation measures 

capable of documenting the success of rehabilitation actions should be planned and implemented 

prior to stocking. 

Donor populations - should be selected based on similarities in genetic lineage, life history, and 

ecology between the donor population and the population being rehabilitated. A donor population 

also needs to be of sufficient size and genetic diversity to support gamete or larval collections. To 

protect the donor population, gamete collections should be made from no more than 5% of the 

annual adult spawning stock in any year, or should not exceed 10% of that population‟s annual 

production of eggs or larvae. 

Collection of gametes and mating schemes - Over the period of rehabilitation (25 years), gametes 

should be collected from a minimum of 250 different females and 250-1250 males. Eggs from 

individual females should be divided equally among available males and fertilized 1:1. An alternative 

is to collect naturally deposited eggs or drifting larvae so that genes from as many families as possible 

contribute to the year class. Family contribution should be equalized throughout the rehabilitation or 

restoration process by rearing and stocking equal numbers from each contributing family. 

The number of fish stocked - should be based on habitat availability and expected survival rates so 

that a minimum population of 750 mature adults (including males 15 years and older and females 

20 years and older) that produces a minimum annual spawning run of 250 fish is established. All 

stocked fish should be permanently marked, and genetic analysis of parents and progeny should be 

conducted to document the genetic diversity of fish produced.  

Rearing and release - Fish should be reared and released in a manner that imprints stocked fish to 

receiving waters. Streamside rearing, stocking of eggs or early stage larva, and within system transfers 

are examples.  Sturgeon should be released at locations where wild fish of that life stage are known or 

would be expected to occur. 

Elliot et al. (2005) note that although the guidelines listed above are still in draft form, Lake Michigan 

resource management agencies have and are taking actions to follow these guidelines for current 

reintroduction initiatives. 

The question of timing of release (i.e., at what life stage/age) grapples with the trade-off between 

realizing significantly increased survival with age of released fish versus the cost and space required to 

rear older fish. The longer a fish is held and grown in a rearing facility, the greater the cost and the 

more extensive the facility requirement. There are also concerns that fish reared in hatcheries with a 

different water source to the waterbody in which they are stocked may not imprint to the location 

and thus move away. To address the imprinting issue, a number of agencies are moving to streamside 

rearing/grow-out facilities (SRF) that use water from the release location. However, the success 

and/or importance of imprinting are yet to be determined. 
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LAKE STURGEON REHABILITATION PLANS 

A Lake Sturgeon Rehabilitation Plan for Lake Superior (Auer 2003) was among several considered in 

the development of the Keeyask lake sturgeon stocking plan. The following were among the 

recommendations that provided guidance for stocking plans: 

 Stocking should be undertaken concurrent with exploitation controls and with habitat 
protection and restoration. 

 Stocked fish should be of similar genetic origin as the extant wild population.  

 Before a stocking program is implemented, fish-health issues should be considered to 
prevent introduction of unwanted pathogens. 

 The capture of wild adults during spawning runs remains the most reasonable method of 
obtaining gametes for artificial propagation.  

 To optimize the success of rehabilitation efforts, both larvae (15-30 mm) and fingerlings 
(100-250 mm) should be stocked.  

 All stocked fingerling sturgeons should have a mark/tag to monitor stocking success.  

 Spawning operations should follow a brood-stock management plan to maximize genetic 
variability. Wild brood stock should be bred and distributed following principles designed to 
maximize the genetic variability of the progeny and minimize genetic drift and inbreeding. 

 The annual establishment of year-classes consisting of marked individuals at historic 
spawning sites and subsequent recruitment in three of every five years over a 20-year period 
will determine stocking success.  

Stocking and genetic strategies should include: 

 Regular evaluation of  the impact that stocking lake sturgeons has on remnant populations; 

 Ongoing assessment and determination of optimal stocking and survival rates; and 

 Determining if lake sturgeons imprint on spawning habitat and, if so, at what life stage.  

LAKE STURGEON CULTURE 

The U.S. Fish and Wildlife Service and Department of Interior have published Standard Operating 

Procedures for lake sturgeon culture at the Genoa National Fish Hatchery in Genoa, WI. The 

culturing techniques described were originally adapted from methods developed by Wisconsin DNR 

at Wild Rose Fish Hatchery. The document provides guidance concerning gamete collection, egg 

transport, incubation, feeding through fry and fingerling growth stages, fish health concerns, 

environmental conditions in hatcheries, and release and distribution of reared fish. The document 

(FDS-2006-3) is available on-line at http://www.fws.gov/midwest/Fisheries/pubpolicy.html . 

BRIEF REVIEW OF SELECTED LAKE STURGEON STOCKING PROGRAMS  

Manitoba 

In Manitoba, lake sturgeon have been stocked into the Assiniboine, Winnipeg, Saskatchewan and 

Nelson rivers. A brief review of the stocking history of each river is provided below. 

Assiniboine River 

Lake sturgeon were historically abundant in the Assiniboine River but believed to be completely 

extirpated by the early 1900‟s. Efforts to reintroduce lake sturgeon to the Assiniboine River began in 

1996 (Appendix Table 1). The river was stocked each year from 1996 to 2008 with the exception of 

1998, 2005 and 2007. Lake sturgeon stocked into the Assiniboine River were reared at either the 

http://www.fws.gov/midwest/Fisheries/pubpolicy.html
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Whiteshell Hatchery or the Grand Rapids Hatchery, and released near Brandon, Manitoba. It should 

be noted that lake sturgeon from the Winnipeg, Saskatchewan and Nelson rivers were used to stock 

the Assiniboine River.  

Although a study has not been conducted to formally assess the success of lake sturgeon stocking in 

the Assiniboine River, lake sturgeon are now commonly captured by anglers (B. Bruderlein, 

Manitoba Fisheries Branch). Anglers have reported catches of lake sturgeon each year since 1998, 

and at present, most of the lake sturgeon being captured are longer than 43 inches in length, with the 

largest reported measuring 60 inches. Because the stocked fish are likely at, or nearing sexual 

maturity, further study is necessary to determine if the stocked fish will begin to naturally reproduce 

in the river.  

Winnipeg River 

Lake sturgeon stocking in the Winnipeg River in Manitoba began in 1996 and has been conducted 

during most years until 2010 (Appendix Table 1). During this time, substantial numbers of lake 

sturgeon have been stocked, at various life stages, into the Manitoba portion of the Winnipeg River 

between the Pointe Du Bois GS and the MacArthur Falls GS (Appendix Table 1). Prior to 2008, lake 

sturgeon eggs and milt were collected without the aid of a hormone that would induce gamete release 

in ripe fish. However, in 2008 and 2009, a hormone was used as an aid to collect gametes.  

Considerable research into various aspects of lake sturgeon stocking have been conducted in the 

Winnipeg River. Research to assess the survival, movement and growth of stocked lake sturgeon 

fingerlings and yearlings, as well as techniques to mark hatchery-reared fish were conducted by 

Cheryl Klassen (PhD candidate, University of Manitoba) from 2008 to 2010. Subsequently, in 2011, 

Gary Anderson (Professor, University of Manitoba), initiated a research project focused on assessing 

the physiological effects of hormone (Ovaprim) injection on adult lake sturgeon.  

Despite the considerable amount of research conducted on lake sturgeon in the Winnipeg River, 

there is a limited understanding in terms of the role that stocking has had on present day lake 

sturgeon populations.  

Nelson River 

Lake sturgeon stocking in the Nelson River was conducted on an intermittent basis from 1994 to 

2011 by the Nelson River Sturgeon Co-management Board and Manitoba Fisheries Branch 

(Appendix Table 1). Spawn collection generally occurred from a camp located at the Landing River, a 

tributary of the Nelson River located approximately 30 km upstream of the Kelsey GS. In spawn 

taking operations prior to 2011, both male and female lake sturgeon were held streamside in tanks 

until temperatures were appropriate for spawning. Once temperatures were appropriate, attempts 

were made to collect eggs and milt from these fish. Because success was limited using this technique, 

Ovaprim was used during spawn taking operations in 2011. During each year, fertilized eggs from the 

Landing River site were transported to the Grand Rapids Hatchery for rearing. Lake sturgeon were 

stocked by into the Nelson River in two general locations, in the Northeast channel and the west 

channel. 

Similar to the other rivers stocked with lake sturgeon in Manitoba, it is difficult to determine the 

success of stocking efforts in the Nelson River. Annual monitoring of the lake sturgeon population 
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in the Northeast channel of the river suggests that lake sturgeon abundance may be increasing and 

given that the abundance of younger fish in the catch has increased in the years since stocking 

commenced, stocking may have be responsible for these increases. In the western channel of the 

Nelson River, although a formal study has yet to take place, commercial and domestic fishermen 

have begun to catch lake sturgeon in their gill nets in the years since stocking began. Prior to 

stocking, lake sturgeon had not been captured for at least a decade. Although not conclusive, these 

sources of information suggest that the stocked fish may be responsible for these recent increases in 

catch (D.MacDonald pers. comm.).  

Saskatchewan River 

Lake sturgeon were stocked into the Saskatchewan River in 1999 and 2000, as well as from 

2003 - 2007. Brood stock were collected below either the EB Campbell Dam or the Francois Findlay 

Dam on the Saskatchewan River by Saskatchewan Environment. Ovaprim was used during each year 

as an aid to collect lake sturgeon eggs. Fertilized lake sturgeon eggs were transported and 

subsequently reared in the Fort Qu‟Appelle hatchery. Considerable numbers of lake sturgeon have 

been stocked into the Saskatchewan River as either fry or fingerlings (Appendix Table 1), however, 

the success of the lake sturgeon stocking program remains unknown. 

Quebec 

Eastmain River Stocking Program 

In 2004, lake sturgeon fry and fingerlings were propagated in a field hatchery. This program 

produced 89,000 fry (2 cm), 25,000 fry (3 – 4 cm), and approximately 21,000 fingerlings (6 - 10 cm), 

and approximately the same number of young fish were introduced both upstream and downstream 

of the dam. A total of 88 adult sturgeon were also introduced upstream of the dam. Lake Sturgeon 

stocking efforts are continuing annually in the Eastmain River. 

United States 

Coosa River, Georgia 

The Coosa River lake sturgeon population was extirpated sometime in the late 1950‟s or early 1960‟s. 

Over-fishing and pollution were identified as the main reasons for the sturgeon‟s demise in this river. 

Once most of the pollution sources were eliminated, a stocking program was developed to re-

introduce lake sturgeon into the river. Wisconsin DNR provided fertilized lake sturgeon eggs to the 

State of Georgia, Wildlife Resources Division Summerville Hatchery, where they were raised prior to 

release. 

The initial release of 1,100, six-inch (15 cm) fingerlings took place in 2002. Subsequently, between 

2002 and 2008, 85,000 fingerlings were released into the river. Angler reports indicate that the 

stocked lake sturgeon are thriving.  Lake sturgeon survival and growth was higher than expected 

based on the recapture and observed growth of over 350 tagged sturgeon. Lake sturgeon between 

11” (28 cm) and 36” (90 cm) have been caught and released. In 2009, lake sturgeon over 40” (101 

cm) and weighing up to 15 lbs (7 kg) were reported by anglers. 
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Genesee River, Rochester, New York 

Phase I of the Genesee River lake sturgeon restoration project focused on the assessment of physical 

habitat parameters in the river and the evaluation of the suitability of the current aquatic habitat for 

lake sturgeon. 

Phase II included “experimental stocking” of 900 juveniles (approx. 200 mm/44g) in 2003 and 1000 

juveniles (approx. 170 mm/23g) in 2004. Recapture of marked fish indicate that: 

 lake sturgeon were remaining in the river in good numbers; 

 the habitat in which the fish were captured was gravelly to sandy and the sturgeon were 
generally occupying the deepest sections (6-10 m) of a given river reach; 

 growth for the year classes was similar to growth in other systems (95-115 mm/year); and  

 lake sturgeon diet was similar to that in other systems.  

St. Louis River - tributary of Lake Superior (Lindgren and Schram 2008)  

Lake sturgeon stocking in lower reaches of the St. Louis River began in 1983. Between 1983 and 

2000, 762,000 fry, 143,000 fingerlings, and 500 yearlings have been stocked. More recently, 120,000 

eggs in Astroturf nest boxes were placed at known historical spawning locations.  

Marking of lake sturgeon during the re-habilitation project included: 81,134 marked with a coded 

wire tag, either in the snout or under a scute, or both; 990 marked with an external tag (50 also with a 

PIT tag); and 65 marked with a PIT tag under a dorsal scute (50 of which also had an external tag). 

Gillnet catches of lake sturgeon in St. Louis Bay increased from zero (prior to stocking) to a 

maximum of 6.5 per set in 1996. An average of approximately two lake sturgeon per set was caught 

during 2000-2006 sampling. The mean length at capture of juveniles steadily increased over time  

(e.g., 1991 cohort increased from 18.5 cm to 101.3 cm mean length over 17 years). 

Distribution and movement studies indicate that the stocked lake sturgeon remain in the St. Louis 

estuary for approximately five years. They then move into and remain in the western portion of Lake 

Superior for a number of years before returning to the estuary. Large sturgeon have been observed 

within the historical spawning area for a number of years (post-2006); however, natural reproduction 

has yet to be documented. 

Spawning habitat enhancement works are being undertaken in previously disturbed areas in the St. 

Louis River.   

Minnesota - Red River Basin: Appendix G – Restoration of Extirpated Lake Sturgeon 

(Acipenser fulvescens) in the Red River of the North Watershed (MDNR 2002)  

In 2002, Minnesota DNR, in cooperation with USFWS and the White Earth Band, implemented a 

20-year stocking plan with a goal of re-establishing a naturally reproducing population over the next 

20-30 years. Lake sturgeon releases (fry and fingerlings) accomplished to date are shown in Appendix 

Table 1. Anglers are now catching the stocked fish. Further, results of test netting in 2011 suggest 

that the stocking efforts have been highly successful, so successful that the number of fish being 

stocked in future years are being reduced by half (R. Zortman, White Earth Band).  
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Michigan – Ontonagon River  

Michigan Department of Natural Resources began stocking in 1998. Approximately 33,000 fall 

fingerlings have been stocked in the mainstem since 1998. Fillmore (2003) observed that juvenile lake 

sturgeon stocked in the Ontonagon River moved downstream and were most abundant near the river 

mouth.  

Due to genetic concerns (lack of imprinting on native waters), a stream-side rearing facility (SRF) was 

constructed. Fish in the SRF were raised to fall fingerling stage using water from the Ontonagon 

River. Approximately 750 lake sturgeon were stocked in October 2007.  
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Appendix Table 1. 

A summary of lake sturgeon life stages that have been released during a number of stocking 

programs in the United States and Canada with an indication of success.  

Location River/Lake Year Number/Life Stage Success 

Georgia Coosa River 2002-2008 85,000/fingerlings Juvenile growth and 

survival confirmed  

New York Genesee River 2003-2004 1,900 juveniles Juvenile growth and 

survival confirmed (See 

summary notes) 

Cayuga Lake 1995-2004 3,732 age 0 and 1 1995 year-class (YC) male 

ripe in 2006. Mean TL of 

1995 YC =1.12 m 

Oneida Lake 1995-1999 40,000 larvae 

8,000 juveniles 

High mortality of larvae 

(starvation). Rapid 

growth of juveniles. Age 

8 males readily released 

sperm. Each YC has 

been recaptured 

Oswegatchie River ? 30,857 juveniles  Downstream movement 

pattern of newly released 

fish compared with 

naturalized fish 

St. Regis River ? 5,000 juveniles LKST growing well 

Wisconsin St. Louis River 1983-2000 

 

 

 

2000? 

762,000 fry 

143,000 fingerlings 

500 yearlings 

 

120,000 eggs in  

Astroturf nest boxes 

LKST growing well. 

Large LKST observed on 

historical spawning 

grounds. No natural 

recruitment after 25 

years. 

Yellow River 1995 10,000 fry 

13,400 fingerlings 

 

Upper 

Flambeau/Manitowish 

River 

1993-2008 152,578 fry 

56,946 fingerlings 

Stocked fish are surviving 

and growing 
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Location River/Lake Year Number/Life Stage Success 

Menominee River 1982 

1995-1999 

and onward 

(2004?) 

? 

25,300 fingerlings 

600 yearlings 

 

Middle Wisconsin 

River 

1997 - ? 

 

2003 

200,000 fingerlings 

Yearlings 

1997 cohort still present 

in river and growing well 

Michigan Ontonagon River  1998-2004 

2007 

 

2008 

Fingerlings 

Yearlings 

723 fingerlings (SRF) 

880 fingerlings (SRF) 

Age 0 and yearling 

captured over soft 

substrates of sand and silt 

Cheboygan River 

watershed 

2006 7,800 fingerlings  

 Black Lake  2007 1,000 fingerlings (SRF) Plan is to release 65,000 

fingerlings over 20 years. 

Target is 2,000 adult 

sturgeon in Black Lake.  

Minnesota Detroit Lake 1998-2008 25 sub-adults 

1,671 yearlings 

17,998 fingerlings 

22,500 fry 

 

Angler success indicates 

movement and growth of 

stocked lake sturgeon. As 

of 2011, numbers of fish 

stocked are being 

reduced by half.   

Round Lake  2004-2008 33,000 fingerlings 

White Earth Lake 2004-2008 43,000 fingerlings 

Otter Tail Lake 2002-2008 2,031 yearlings 

37,000 fingerlings 

Otter Tail River 1998-2008 172 sub-adults 

250 yearlings 

10,300 fingerlings 
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Location River/Lake Year Number/Life Stage Success 

Buffalo River 2002-2008 350 yearlings 

10,178 fingerlings 

Roseau River 2004-2008 345,550 fry 

Red Lake River 2004-2008 785,000 fry 

St. Louis Bay 2000 7,980 fingerlings  

Manitoba Nelson River  1994 - 2008 491 yearlings 

15,974 fingerlings 

1,025 fry 

 

Winnipeg River 1996-2009 221 sub-adults 

24,387 fingerlings 

 

Nutimik Lake  1998-2008 4,950 fingerlings  

Assiniboine River 1996-2008 5,000 fry 

11,216 fingerlings 

60 sub-adults 

Angler success indicates 

that individuals have 

achieved a large size. 

Some individuals > 800 

cm. 

Saskatchewan River 2003 67 fingerlings  

Saskatchewan Saskatchewan River 1999-2007 157,000 fry 

7,850 fingerlings 

 

Quebec Eastmain River 

Riviere l‟Eau Claire 

2004 114,000 fry 

21,000 fingerlings 

88 adults 

Plans to repeat over next 

few years 

 



Keeyask Lake Sturgeon Stocking   Draft: 2012 April 

34 

REFERENCES 

AUER, N.A. [ED.]. 2003. A lake sturgeon rehabilitation plan for Lake Superior. Great 

Lakes Fish. Comm. Misc. Publ. 2003-02. 

ELLIOT, R., BAKER, E., EGGOLD, B. and M. HOLTGREN. 2004. Overview of the 

Lake Michigan lake sturgeon rehabilitation plan conservation genetics and 

rehabilitation stocking section In Proceedings of the second Great Lakes lake 

sturgeon coordination meeting, November 9-10, 2004, Sault Ste. Marie, 

Michigan. Member of the U.S. Fish and Wildlife Service Great Lakes Basin 

Ecosystem Team Lake Sturgeon Committee (H. Quinlan, R. Elliott, E. Zollweg, 

D. Bryson, J. Boase, and J. Weisser). 

FILLMORE, K.L. 2003. Master‟s Thesis. Habitat selection and movement of stocked 

juvenile lake sturgeon Acipenser fulvescens and benthic invertebrate distribution in 

the lower Ontonagon River, Michigan. Michigan Technological University. 

Houghton, MI. 

LINDGREN J. P. and S. T. SCHRAM. 2008. Rehabilitation of lake sturgeon in the St. 

Louis River estuary and western Lake Superior. Power Point presentation. 

Minnesota Great Lakes Regional Collaboration Habitat and Species Workshop. 

December 16, 2008. Duluth, MN.  

MINNESOTA DEPARTMENT OF NATURAL RESOURCES (MDNR). 2002. 

Appendix G - Restoration of extirpated lake sturgeon (Acipenser fulvescens) in 

the Red River of the North watershed. MDNR Fisheries Division. 10 pp. 

SCHRAM, S.T., LINDGREN, J. and L.M. EVRARD. 1999. Reintroduction of Lake 

Sturgeon in the St. Louis River, Western Lake Superior. North American 

Journal of Fisheries Management 19: 815-823 pp. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 1: INTRODUCTION 

APPENDIX 1B 

KEEYASK GENERATION PROJECT 

AQUATIC ENVIRONMENT STUDY 

REPORT LIST 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 1: INTRODUCTION  1B-1 

Table 1B-1: Keeyask Generation Project aquatic environment study reports  

Report 

Number 
Report Title Status 

Date 

Completed 

99-01 

Remnant, R.A. and C.C. Barth. 2003. Results of Experimental 

Gillnetting on the Nelson River between Birthday and Gull Rapids, 

Manitoba, Fall 1999. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 75 pp. Draft. 

Completed Dec-03 

99-02 

Zrum, L. and C.L. Bezte. 2003. Water Chemistry, Phytoplankton, 

Benthic Invertebrate, and Sediment Data for Gull Lake and the 

Nelson River between Birthday Rapids and Gull Rapids, Manitoba, 

Fall, 1999. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 66 pp. Draft. 

Completed Dec-03 

01-01 

Zrum, L. and T.J. Kroeker. 2003. Benthic Invertebrate and 

Sediment Data from Split Lake and Assean Lake, Manitoba, 

Winter, 2001. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 78 pp. Draft. 

Completed Dec-03 

01-02 Barth, C.C., R.L. Bretecher, and J. Holm. 2004. Floy-tag 

Application and Recapture Information from the (Gull) Keeyask 

Study Area, 2001. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 88 pp. Draft. 

Completed Nov-04 

01-03 

Barth, C.C., D.L. Neufeld, and R.L. Bretcher. 2003. Results of 

Fisheries Investigations Conducted in Tributaries of the Nelson 

River Between Birthday Rapids and Gull Rapids, Manitoba, Spring, 

2001. Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 53 pp. Draft. 

Completed Dec-03 

01-04 

Juliano, K.M. and L. Zrum. 2003. Zooplankton Data from Split, 

Clark, Gull, Stephens, and Assean Lakes, Manitoba, 2001. Draft 

report prepared for Manitoba Hydro by North/South Consultants 

Inc. 59 pp. Draft. 

Completed Dec-03 

01-05 

Dunmall, K.M., J. Holm, and R.L. Bretcher. 2003. Results of Index 

Gillnetting Studies Conducted in Assean Lake, Manitoba, Summer 

2001. Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 70 pp. Draft. 

Completed Dec-03 

01-06 

Dolce, L.T. and M.A. Sotiropoulos. 2004. Aquatic Macrophyte and 

Associated Epiphytic Invertebrate Data Collected in Gull Lake and 

Portions of the Nelson River Between Birthday Rapids and Gull 

Rapids, Manitoba, Fall 2001. Draft report prepared for Manitoba 

Hydro by North/South Consultants Inc. 56 pp. Draft. 

Completed Jan-04 
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Completed 

01-07 

Dunmall, K.M., J.E. MacDonald, and R.L. Bretecher. 2004. Results 

of Summer Index Gillnetting Studies Conducted in Split Lake and 

Clark Lake, and Spring Investigations of Adult and Larval Fish 

Populations in Portions of the Burntwood River, Grass River, and 

Nelson River flowing into Split Lake, Manitoba, 2001. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

116 pp. Draft. 

Completed Feb-04 

01-08 

Remnant, R.A., N.J. Mochnacz, and J.E. MacDonald. 2004. 

Results of Fisheries Investigations Conducted in the Assean River 

Watershed, Manitoba, Spring and Fall, 2001. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

106 pp. Draft. 

Completed Oct-04 

01-10 

Pisiak, D.J., T. Kroeker, and R.A. Remnant. 2004. Results of 

Summer Index Gillnetting Studies in Stephens Lake, Manitoba, 

and Seasonal Investigations of Adult and Larval Fish Communities 

in the Reach of the Nelson River between Gull Rapids and 

Stephens Lake, 2001. Draft report prepared for Manitoba Hydro 

by North/South Consultants Inc. 110 pp. Draft. 

Completed Oct-04 

01-11 

Sotiropoulos, M.A. and L.J. Neufeld. 2004. Benthic Invertebrate, 

Sediment, and Drifting Invertebrate Data Collected from the Gull 

(Keeyask) Study Area, Manitoba, Spring - Fall 2001. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

138 pp. Draft. 

Completed Oct-04 

01-13 

Remnant, R.A., C.R. Parks, and J.E. MacDonald. 2004. Results of 

Fisheries Investigations Conducted in the Reach of the Nelson 

River between Clark Lake and Gull Rapids (Including Gull Lake), 

2001. Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 154 pp. Draft. 

Completed Oct-04 

01-14 

Barth, C.C. and N.J. Mochnacz. 2004. Lake Sturgeon 

Investigations in the Gull (Keeyask) Study Area, 2001. Draft 

report prepared for Manitoba Hydro by North/South Consultants 

Inc. 146 pp. Draft. 

Completed Oct-04 
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Date 

Completed 

01-15 

Badiou, P.H., and H.M. Cooley. 2004. Water Chemistry, 

Phytoplankton, and Sediment Chemistry Data for the Nelson and 

Assean River Systems, Manitoba, 2001. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 210 pp. Draft. 

Completed Oct-04 

02-03 

Barth, C.C., L.J. Neufeld, and J.R. Olynik. 2003. Movements of 

Northern Pike, Walleye, and Lake Whitefish Tagged with Radio 

and Acoustic Transmitters in the Gull (Keeyask) Study Area, 

2001/2003. Draft report prepared for Manitoba Hydro by 

North/South Consultants. 137 pp. Draft. 

Completed Dec-03 

02-04 

Juliano, K.M. and L. Zrum. 2004. Zooplankton Data from Split, 

Clark, Gull, Stephens, and Assean Lakes, and the Nelson River, 

Manitoba, 2002. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 65 pp. Draft. 

Completed Jan-04 

02-05 

Holm, J., V.L. Richardson, and R.L. Bretecher. 2003. Results of 

Index Gillnetting Studies Conducted in Assean Lake, Manitoba, 

Summer 2002. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 80 pp. Draft. 

Completed Dec-03 

02-06 

Hartman, E.J. and R.L. Bretecher. 2004. Results of Fisheries 

Investigations Conducted in the North Moswakot and South 

Moswakot Rivers, Manitoba, Fall 2002. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 69 pp. Draft. 

Completed Jan-04 

02-08 

Mochnacz, N.J., C.C. Barth, and J. Holm. 2004. Results of 

Fisheries Investigations Conducted in the Aiken River and at the 

Mouth of the Ripple River, Manitoba, Spring 2002. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

106 pp. Draft. 

Completed Mar-04 

02-09 

Holm, J. and R.A. Remnant. 2004. Results of Summer Index 

Gillnetting Studies Conducted in Split Lake and Clark Lake, and 

Spring Investigations of Adult and Larval Fish Communities in 

Portions of the Burntwood, Grass, and Nelson Rivers Flowing into 

Split Lake, Manitoba, 2002. Draft report prepared for Manitoba 

Hydro by North/South Consultants Inc. 131 pp. Draft. 

Completed Apr-04 
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Number 
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Completed 

02-10 Dolce, L.T. and M.A. Sotiropoulos. 2004. Aquatic Macrophyte and 

Associated Epiphytic Invertebrate Data Collected in Gull Lake and 

Portions of the Nelson River between Birthday Rapids and Gull 

Rapids, Manitoba, Fall 2002. Draft report prepared for Manitoba 

Hydro by North/South Consultants Inc. 57 pp. Draft. 

Completed Mar-04 

02-12 Juliano, K.M. and L.J. Neufeld. 2004. Benthic Invertebrate and 

Sediment Data from Split Lake and Assean Lake, Manitoba, 

Winter 2002. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 67 pp. Draft. 

Completed Dec-04 

02-13 Juliano, K.M. and L.J. Neufeld. 2005. Benthic Invertebrate, 

Sediment, and Drifting Invertebrate Data Collected from the Gull 

(Keeyask) Study Area, Manitoba, Spring - Fall 2002. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

161 pp. Draft. 

Completed Jan-05 

02-14 Badiou, P.H. and H.M. Cooley. 2005. Water Chemistry, 

Phytoplankton, and Sediment Chemistry Data for the Nelson and 

Assean River Systems, Manitoba, 2002. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 255 pp. Draft. 

Completed Feb-05 

02-15 Johnson, M.W. 2005. Results of Fish Community Investigations 

Conducted in the Assean River Watershed, Manitoba, Spring and 

Fall 2002. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 133 pp. Draft. 

Completed Feb-05 

02-16 Pisiak, D.J. 2005. Results of Summer Index Gillnetting Studies in 

Stephens Lake, Manitoba and Seasonal Investigations of Adult 

and Larval Fish Communities in the Reach of the Nelson River 

between Gull Rapids and Stephens Lake, 2002. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

179 pp. Draft. 

Completed Jan-05 

02-17 Richardson, V.L. and J. Holm. 2005. Results of Fish Community 

Investigations Conducted in Tributary Systems of the Nelson 

River between Birthday Rapids and Gull Rapids, 2002. Draft 

report prepared for Manitoba Hydro by North/South Consultants 

Inc. 98 pp. Draft. 

Completed Jan-05 
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Completed 

02-18 Holm, J., V.L. Richardson, and C.C. Barth. 2005. Floy-tag 

Application and Recapture Information from the Gull (Keeyask) 

Study Area, 2002. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 175 pp. Draft. 

Completed Feb-05 

02-19 Barth, C.C. 2005. Lake Sturgeon Investigations in the Keeyask 

Study Area, 2002. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 131 pp. Draft. 

Completed Feb-05 

02-20 Johnson, M.W. and C.R. Parks. 2005. Results of Fish Community 

Investigations Conducted in the Reach of the Nelson River 

between Clark Lake and Gull Rapids, 2002. Draft report prepared 

for Manitoba Hydro by North/South Consultants Inc. 222 pp. 

Draft. 

Completed Aug-05 

03-01 

Ryland, D. and B. Watts. Fish Taste Studies for Tataskweyak Cree 

Nation. Draft report prepared for Manitoba Hydro by the 

University of Manitoba. 44 pp. Draft. 

Completed Jan-04 

03-02 

Ryland, D. and B. Watts. Fish Taste Studies for Fox Lake Cree 

Nation. Draft report prepared for Manitoba Hydro by the 

University of Manitoba. 43 pp. Draft. 

Completed Jan-04 

03-03 Maclean, B.D. and D.J. Pisiak. 2005. Results of Fish Community 

Investigations Conducted at the Mouth of the Ripple River, 

Manitoba, Spring 2003. Year II. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 43 pp. Draft. 

Completed Feb-05 

03-05 Badiou, P.H., H.M. Cooley, and T. Savard. 2005. Water Chemistry 

Data for the Lower Nelson River System, Manitoba, 2003. Draft 

report prepared for Manitoba Hydro by North/South Consultants 

Inc. 219 pp. Draft. 

Completed Dec-05 

03-06 Murray, L., C.C. Barth, and J.R. Olynik. 2005. Movements of 

Radio- and Acoustic- Tagged Northern Pike, Walleye, and Lake 

Whitefish in the Keeyask Study Area: May 2002 to April 2003. 

Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 125 pp. Draft. 

Completed Aug-05 

03-08 Barth, C.C. and L. Murray. 2005. Lake sturgeon Investigations in 

the Keeyask Study Area, 2003. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 127 pp. Draft. 

Completed Oct-05 
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Completed 

03-09 Pisiak, D.J. and E.J. Hartman. 2005. Results of Fish Community 

Investigations Conducted in the North Moswakot and South 

Moswakot Rivers, Manitoba, Spring and Fall 2003. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

157 pp. Draft. 

Completed Sep-05 

03-11 Kroeker, D.S. and W. Jansen. 2005. Results of Fish Community 

Investigations Conducted in Tributaries of the Nelson River 

between Clark Lake and Gull Rapids, Manitoba, 2003. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 72 

pp. Draft. 

Completed Jan-06 

03-12 Maclean, B.D. and J.Holm. 2005. Results of Fish Community 

Investigations Conducted in the Mistuska River, Manitoba, Spring 

2003. Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 90 pp. Draft. 

Completed Sep-05 

03-13 Maclean, B.D. and D.J. Pisiak. 2005. Results of Fish Community 

Investigations Conducted in the Aiken River, Manitoba, Spring 

2003, Year II. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 108 pp. Draft. 

Completed Dec-05 

03-14 Pisiak, D. 2005. Results of Summer Index Gillnetting Studies in 

Stephens Lake, Manitoba, and Seasonal Investigations of Fish 

Communities in the Reach of the Nelson River between Gull 

Rapids and Stephens Lake, 2003. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 313 pp. Draft. 

Completed Oct-05 

03-15 Holm, J. 2006. Floy-tag Application and Recapture Information 

from the Keeyask Study Area, 2003. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 244 pp. Draft. 

Completed Sep-06 

03-16 Dolce, L. T. and M.J. Burt. 2008. Aquatic Macrophyte and 

Associated Epiphytic Invertebrate Data Collected from the 

Keeyask Study Area, Manitoba, Late Summer 2003. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

111 pp. Draft. 

Completed Feb-08 
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03-17 Gill, G. 2007. Invertebrate Drift and Plant Biomass Data from the 

Nelson River at Birthday Rapids, Gull Lake, Gull Rapids, and Kettle 

Generating Station, Manitoba, Summer and Fall 2003. Draft 

report prepared for Manitoba Hydro by North/South Consultants 

Inc. 72 pp. Draft. 

Completed Nov-07 

03-35 Maclean, B.D. and P. Nelson. 2005. Population and Spawning 

Studies of Lake Sturgeon (Acipenser fulvescens) at the 

Confluence of the Churchill and Little Churchill Rivers, Manitoba, 

Spring 2003. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 70 pp. Draft. 

Completed Jan-06 

03-36 Bretecher, R.L., G.C. Dyck, and R.A. Remnant. 2007. Results of 

Fish Community Investigations Conducted in the Reach of the 

Nelson River Between Clark Lake and Gull Rapids (Including Gull 

Lake), 2003. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 275 pp. Draft. 

Completed Feb-07 

03-37 Cooley, H.M. and M.W. Johnson. 2008. An Evaluation of Walleye 

Condition from Stephens Lake. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 59 pp. Draft. 

Completed Mar-08 

04-03 Holm, J. 2005. Results of Fish Community Investigations 

Conducted in Clark Lake, 2004. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 116 pp. Draft. 

Completed 28-Oct-05 

04-04 Badiou, P.H., T. Savard, and H.M. Cooley. 2007. Water Chemistry 

and Phytoplankton data for the Lower Nelson River System, 

Manitoba, 2004. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 247 pp. Draft. 

Completed Jan-07 

04-05 BARTH, C.C. and K. AMBROSE. 2006. Lake Sturgeon 

Investigations in the Keeyask Study Area, 2004. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

105 pp. Draft. 

Completed Jan-06 

04-06 Cooley, H.M. and T.G. Savard. 2008. Results of Greenhouse Gas 

Sampling in the Keeyask and Conawapa Study Areas: 2001-2004. 

Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 76 pp. Draft. 

Completed Feb-08 
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04-07 T. Savard and H.M. Cooley. 2007. Turbidity Monitoring Data for 

Clark and Gull Lakes, Fall 2004. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 51 pp. Draft. 

Completed Jan-07 

04-08 Holm, J. 2007. Floy-tag Application and Recapture Information 

from the Keeyask Study Area, 2004. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 148 pp. Draft. 

Completed Jan-07 

04-09 Johnson, M.W. 2007. Results of Fish Community Investigations 

Conducted in the Reach of the Nelson River Between Clark Lake 

and Gull Rapids (Including Gull Lake), 2004. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

159 pp. Draft. 

Completed Jan-07 

04-10 Johnson, M.W. and C.C. Barth. 2007. Results of Fish Community 

Investigations in the Kettle and Butnau Rivers, Manitoba, Spring 

2004. Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 59 pp. Draft. 

Completed Jan-07 

04-11 Holm, J., H.M. Cooley, and E. Shipley. 2007. Trace Elements in 

Fish from the Keeyask Study Area: Fall 2004. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 62 

pp. Draft. 

Completed Feb-07 

04-12 Johnson, M.W. and B.D. Maclean. 2007. Results of Fish 

Community Investigations Conducted in the Mistuska River, 

Manitoba, Spring 2004. Year II. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 87 pp. Draft. 

Completed Jun-07 

04-13 Johnson, M.W. and B.D. Maclean. 2007. Results of Fish 

Community Investigations Conducted in the York Landing Arm of 

Split Lake and Its Major Tributaries, Manitoba, Fall 2004. Draft 

report prepared for Manitoba Hydro by North/South Consultants 

Inc. 74 pp. Draft. 

Completed May-07 

04-14 Pisiak, D.J. and B.D. Maclean. 2007. Population Studies of Lake 

Sturgeon (Acipenser fulvescens) in the Fox River, Manitoba, 

Summer 2004. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 42 pp. Draft. 

Completed Apr-07 
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04-15 Neufeld, L. 2007. Benthic Invertebrate and Sediment, Data 

Collected from Littoral Zones in the Keeyask Study Area, 

Manitoba, Fall 2004. Draft report prepared for Manitoba Hydro by 

North/South Consultants Inc. 92 pp. Draft. 

Completed Apr-07 

04-16 MacDonald, J.E. 2007. Results of Fish Community Investigations 

in Gull Rapids and Stephens Lake, 2004. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 113 pp. Draft. 

Completed May-07 

04-17 Burt, M.J. and L.T. Dolce. 2008. Aquatic Macrophyte and 

Associated Epiphytic Invertebrate Data Collected from the 

Keeyask Study Area, Manitoba, Summer 2004. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

130 pp. Draft. 

Completed Feb-08 

04-18 Gill, G. 2007. Invertebrate Drift and Plant Biomass Data from the 

Nelson River at Birthday Rapids,Gull Rapids, and Kettle 

Generating Station, Manitoba, Summer and Fall 2004. Draft 

report prepared for Manitoba Hydro by North/South Consultants 

Inc. 91 pp. Draft. 

Completed Nov-07 

05-02 Holm, J. 2007. Floy-tag Application and Recapture Information 

from the Keeyask Study Area, 2005. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 56 pp. Draft. 

Completed Apr-07 

05-03 Murray, L. and C.C. Barth. 2007. Movements of Radio- and 

Acoustic- Tagged Northern Pike, Walleye, and Lake Whitefish in 

the Keeyask Study Area: May 2003 to August 2004 and a 

Summary of Findings from 2001-2005. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 111 pp. Draft. 

Completed Apr-07 

05-04 Jansen, W. and N. Strange. 2007. Mercury Concentrations in Fish 

From the Keeyask Project Study Area for 1999-2005. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 

168 pp. Draft. 

Completed Aug-07 

05-05 Barth, C.C. and J.E. MacDonald. 2008. Lake Sturgeon 

Investigations in the Keeyask Study Area, 2005. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 63 

pp. Draft. 

Completed Mar-08 
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05-06 Mazur, K.M. and T.G. Savard. 2008. Proposed Keeyask Access 

Road Stream Crossing Assessment, 2004 and 2005. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 68 

pp. 83 pp. Draft. 

Completed Feb-08 

06-02 Holm, J. 2007. Floy-tag Application and Recapture Information 

from the Keeyask Study Area, 2006. Draft report prepared for 

Manitoba Hydro by North/South Consultants Inc. 61 pp. Draft. 

Completed Apr-07 

06-03 Savard, T. and H.M. Cooley. 2007. Dissolved Oxygen Surveys in 

the Keeyask Study Area: Winter 2005 and 2006. Draft report 

prepared for Manitoba Hydro by North/South Consultants Inc. 54 

pp. Draft. 

Completed Apr-07 

06-04 MacDonald, J.E. 2008. Lake Sturgeon Investigations in the 

Keeyask Study Area, 2006. Draft report prepared for Manitoba 

Hydro by North/South Consultants Inc. 110 pp. Draft. 

Completed Mar-08 

06-05 Cassin, J. and R.A. Remnant. 2008. Results of Fish Spawning 

Investigations Conducted in Gull Rapids Creek, Pond 13, and 

Selected Tributaries to Stephens Lake, Spring 2005 and 2006. 

Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 45 pp. Draft. 

Completed Mar-08 

06-06 MacDonald, J.E. 2007. Fish community assessments of selected 

lakes within the Split Lake Resource Management Area, 2004-

2006. Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 145 pp. Draft. 

Completed Nov-07 

06-07 Jansen, W. 2008. Infection Rate of the Parasite Triaenophorus 

crassus in Lake Whitefish from the Keeyask Study Area for 2003-

2006. Draft report prepared for Manitoba Hydro by North/South 

Consultants Inc. 35 pp. Draft. 

Completed Mar-08 

06-08 Cooley, P.M. and L. Dolce. 2008. Aquatic Habitat Utilization 

Studies in Stephens Lake: Macrophyte Distribution and Biomass, 
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2.0  WATER AND SEDIMENT QUALITY 

2.1 GENERAL INTRODUCTION 

Water quality is an important component of the aquatic environment from the perspective of humans 

and aquatic life and wildlife that rely upon it. It is important in relation to its use by humans for 

recreation and as a source for irrigation and drinking water and is also significant from an aesthetics 

perspective.  

Sediment quality is also of significance to the health of aquatic biota that live in or on sediments, or that 

directly or indirectly associate with the sediments and/or benthic communities.  

Water quality may be affected by hydroelectric development through a number of pathways. Key 

pathways include flooding and changes in the water regime (including velocities, volumes, discharge, 

seasonality, depths, and water residence times). Typical effects of hydroelectric development include 

increases in nutrients (due to flooding), either increases or decreases in total suspended solids (TSS; due 

to increased erosion or increased deposition), and decreases in pH and dissolved oxygen (DO) due to 

flooding. Sediment quality may be affected by hydroelectric development as terrestrial soils are converted 

to aquatic sediments due to flooding and/or may be altered by changes in sedimentation. 

The following sections provide a detailed description of the existing water and sediment quality 

conditions in the Aquatic Environment Study Area, an overview of historical conditions and temporal 

changes in the area, and an assessment of the potential effects of the Project on these components. 

Specifically, the following provides: 

 A description of the approach and methods, including descriptions of information sources, models, 

and detailed approaches applied for evaluating the environmental setting and for the assessment of 

effects of the Project on water and sediment quality; 

 A description of the environmental setting for water and sediment quality, including an overview of 

historical information, a detailed description of current conditions, and an assessment of temporal 

trends; and 

 A description of the predicted effects of the Project on water and sediment quality associated with 

the construction and operation periods, a summary of residual effects, and proposed environmental 

monitoring and follow-up. 

While water and sediment quality are interrelated, for clarity they have been presented in separate sections 

below. Water quality is discussed in Section 2.2 to Section 2.5 and sediment quality is discussed in Section 

2.6. 
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2.2 WATER QUALITY: INTRODUCTION 

Background information describing water quality parameters considered in the assessment is provided in 

Appendix 2A. Potential effects of the Project on water quality have been considered in terms of its use as 

a raw drinking water source, its use for recreation, and its importance to the health of aquatic biota and 

wildlife as set out for various parameters in the Manitoba Water Quality Standards, Objectives, and 

Guidelines (MWQSOGs, Manitoba Water Stewardship [MWS] 2011) and the Canadian Council for 

Ministers of the Environment (CCME 1999; updated to 2012). A description of applicable MWQSOGs 

and CCME guidelines applied for the assessment is provided in Section 2.3.4.1 and a detailed description 

is provided in Appendix 2B. 

2.3 WATER QUALITY: APPROACH AND METHODS 

The following sections provide a description of the general approach to the water quality assessment 

(Section 2.3.1), a brief description of the water quality study area (Section 2.3.2), data and information 

sources used to describe and characterize the environmental setting (Section 2.3.3), and a description of 

the approach for the effects assessment (Section 2.3.4).  

2.3.1 Overview to Approach 

The overall approach taken for the water quality effects assessment was similar to the general approach 

applied for other aquatic components. The assessment was comprised of two major components: 

 A description of the existing water quality conditions in the study area to provide the foundation for 

assessing the potential effects of the Project on these components; and 

 An effects assessment in which potential effects of the Project on water quality were described. 

The existing water quality conditions – or the ―environmental setting‖ – were defined for a period of 

10 years (1997–2006), supplemented with other more recent published information. This period was 

identified to capture recent conditions in the study area with sufficient duration to capture inter-annual 

variability. Information used for this characterization included data gathered from sampling programs 

conducted over a number of years under the Keeyask environmental studies (i.e., EIS studies), as well as 

other existing information sources (e.g., primary scientific literature). 

To supplement the description of the existing water quality conditions in the study area, an analysis of 

temporal trends in water quality was undertaken using available literature and data to determine if the 

current environment is relatively stable or undergoing substantive changes over recent years (i.e., over 

approximately the last 20 years).  

The effects assessment was founded on key linkages identified between the Project and water quality. 

Information sources used for the assessment included information generated through EIS studies, 

scientific literature pertaining to hydroelectric development and other reservoirs in Manitoba and 

elsewhere, use of proxy information (i.e., Stephens Lake), general supporting scientific literature, and 

modelling. Local knowledge provided by KCNs Members was also considered, where available. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY 2-3 

A range of water quality parameters was considered for the study area to address potential effects of the 

Project on the aquatic environment. The rationale for the inclusion of the various parameters is 

summarized in Table 2-1. Detailed descriptions of these water quality parameters are provided in 

Appendix 2A. 

Water quality conditions for the existing environment, as well as for predicted post-Project 

environmental conditions, were compared to MWQSOGs (MWS 2011) and CCME guidelines for the 

protection of aquatic life (PAL) to assist in characterizing the potential effects of the Project on aquatic 

biota. As described in detail in Section 2.3.4.1, comparisons were also made to other water usages 

including drinking water and recreation. However, descriptions of residual effects on drinking water and 

recreational water quality are provided in the Socio-economic, Resource Use, and Heritage Resources 

Supporting Volume (SE SV). 

2.3.2 Study Area 

The water quality study area ranges from the inflows to Split Lake to the Nelson River estuary and 

includes (see Map 2-1 for main study area and Map 1-4 for access road stream crossing sites): 

 The Split Lake area: Split, Clark, and Assean lakes and tributaries to Split Lake (Nelson, Burntwood, 

and Aiken rivers). Assean Lake is an off-system lake that discharges to the Nelson River. The Split 

Lake area was incorporated into the study area due to Keeyask Cree Nations (KCNs) concerns and 

because it may serve as an upstream reference area for post-Project monitoring; 

 The Keeyask area: the Nelson River from the outlet of Clark Lake to the inflow of Stephens Lake, 

including small tributaries (Rabbit, Portage, and Two Goose creeks). This area includes the site of the 

proposed Keeyask Generating Station (GS). The Keeyask area includes the Keeyask reservoir and the 

upstream portion of the hydraulic zone of influence (HZI); 

 The Stephens Lake area: Stephens Lake, including the southern area through which the main flow of 

the Nelson River passes (the ―mainstem‖) and the northern, more isolated arm of the lake. The 

Stephens Lake area was included in the study area for several reasons: (1) it includes the downstream 

portion of the HZI; (2) water quality in Stephens Lake could be affected by the Project (due to 

upstream effects or effects within this area); and (3) Stephens Lake represents a nearby proxy 

reservoir and provides empirical information regarding water quality changes over time that assists 

with the development of the effects assessment for the Keeyask Project; 

 The downstream area: the lower Nelson River from Stephens Lake to Gillam Island, including large 

tributaries (Limestone, Angling, and Weir rivers) and small tributaries (Beaver, Swift, Tiny, and 

Goose creeks and Creek #15). The downstream area was included to address potential downstream 

effects of the Project on water quality; and 

 Access road stream crossings: stream crossings along the north and south access roads.   
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2.3.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for water quality included:  

 Local knowledge; 

 Pre-1997 studies; 

 EIS-specific studies (1999–2006); 

 Other studies conducted post-1996; and 

 General scientific literature. 

Supporting information used for characterizing the existing environment also included: 

 Manitoba Water Quality Standards, Objectives, and Guidelines (MWS 2011);  

 The CCME environmental quality guidelines (CCME 1999; updated to 2012);  

 Health Canada guidelines for Canadian drinking water (Health Canada 2010); 

 Health and Welfare Canada guidelines for Canadian recreational water quality (1992); and 

 Water quality PAL guidelines from other jurisdictions, where applicable. 

2.3.3.1 Pre-1997 Studies 

A number of environmental studies were conducted in the study area prior to 1997. These studies 

primarily focused on the effects of generating stations such as the Limestone GS or Long Spruce GS, or 

on the effects of Churchill River Diversion (CRD)/Lake Winnipeg Regulation (LWR). The following is a 

list of the information sources used to describe historical water quality conditions in the study area:  

 Schlick (1968) conducted water quality surveys of Split Lake in 1966. 

 Crowe (1973) conducted a water chemistry and limnology survey in Split Lake, the Nelson River 

upstream of the Kelsey GS, and Stephens Lake (Kettle reservoir) in August 1972. 

 Underwood McLellan and Associates ([UMA] 1973) described TSS data for Split Lake prior to 

CRD/LWR. 

 Cleugh (1974) described pre-CRD water quality conditions (1972–73) at several sites in the current 

study area including Split Lake, the lower Nelson River near the Long Spruce GS, and Stephens 

Lake. 

 Penner et al. (1975) described sediment loads on the lower Nelson River in 1974 (pre-Limestone and 

Long Spruce GS). 
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 MacLaren Plansearch and InterGroup Consultants Ltd (1986) identified several potential issues 

associated with construction of the Limestone GS that pertain to water quality. 

 A limited amount of water quality data were also generated by a series of fisheries studies conducted 

on the lower Nelson River from 1985–89 during construction of the Limestone GS by Manitoba 

Fisheries Branch (Swanson 1986; Swanson and Kansas 1987; Swanson et al. 1988, 1990, 1991). 

 Water quality was evaluated at four sites in Split Lake and three sites in Stephens Lake in 1986 and 

1987 under the Manitoba Ecological Monitoring Program (MEMP) and is described in Ramsey et al. 

(1989). Data were also collected in 1988 and 1989 and were presented in Green (1990). 

 Water quality data were collected from 1987–1989 in the Split Lake and Aiken River areas as part of 

the Federal Ecological Monitoring Program (FEMP; Ramsey 1991a). 

 Water quality data were collected near the community of Split Lake (in Split Lake) and have been 

analyzed by several authors (Playle and Williamson 1986; Duncan and Williamson 1988; Playle et al. 

1988; Ralley and Williamson 1990; Ramsey 1991a; Williamson and Ralley 1993). 

 Water quality data were collected from the Kettle, Long Spruce, and Limestone reservoirs and the 

lower Nelson River as a component of the Limestone Generating Station Monitoring Program in 

1989–1994, 1996, 1999, and 2001. 

 Local knowledge related to water quality was provided in the Split Lake Post-Project Environmental 

Review (PPER; Split Lake Cree - Manitoba Hydro Joint Study Group 1996a, b, c). 

 Water quality monitoring has been conducted since the 1970s, and continues to be conducted, by 

Manitoba Conservation and Water Stewardship (MCWS) in Split Lake near the community of Split 

Lake. 

2.3.3.2 Post-1996 Studies 

2.3.3.2.1 Keeyask Environmental Studies 

Environmental studies to describe water quality in the study area were conducted in 1999 and from 2001 

to 2006. The majority of the field studies were completed from 2001 to 2004; additional data were 

collected in 2005 to 2006 to address information needs and data gaps identified through the course of the 

Keeyask environmental studies. Additional baseline water quality data were collected in 2009 but are not 

incorporated into the description of the existing environment. A targeted sampling program was also 

conducted in fall 2011 to provide baseline data for mercury in water sufficient to address revisions to the 

MWQSOGs for PAL issued in 2011 (MWS 2011). The results of this 2011 sampling program are 

summarized in Appendix 2J.   

The main water quality study area included the Split Lake/Clark Lake area, including tributaries, Assean 

Lake, the Nelson River from Clark Lake to Stephens Lake and small tributaries, Gull Lake, and Stephens 

Lake. Sites were located on the mainstem of the Nelson River, at a number of sites on Split Lake, on 

tributaries to Split Lake (including the Burntwood, Nelson, and Aiken rivers), on small tributaries 
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between Clark and Stephens Lake (Two Goose Creek, Rabbit Creek, and Portage Creek), two sites on 

Gull Lake, and at several sites on Stephens Lake (Map 2-2).  

Water quality was also measured at a number of sites downstream of Stephens Lake in the open water 

seasons of 2002–2004 and at accessible sites in the ice-cover seasons of 2003, 2004, and 2006 (Map 2-2). 

Sites included six locations on the mainstem of the Nelson River, major tributaries (Limestone, Angling, 

and Weir rivers), and smaller tributaries (Beaver, Swift, Tiny, and Goose creeks and Creek #15; 2004 

only).  

The water quality component of the Keeyask environmental studies was initiated in 1999, with sampling 

occurring at three sites in October (one site on the Nelson River below Birthday Rapids and two sites in 

Gull Lake). In subsequent years, between 17 (2001) and 34 sites (2003) were visited four times in the 

open water seasons between 2001 and 2004. Approximate sampling times in the open water season were: 

 June; 

 July; 

 Mid-August to early September; and 

 Mid-September to early October. 

Additionally, water quality was examined at a limited number of sites in winter in 2001–2004; not all sites 

could be accessed in winter due to logistics and safety issues1. A targeted sampling program was 

conducted in winter 2004, 2005, and 2006 to examine DO conditions in off-current areas under long 

periods of ice cover (see Appendix 2C for site locations). A focused water quality study was also 

conducted near the community of York Landing in winter 2007.  

Parameters measured included in situ variables (DO, pH, turbidity, conductivity, temperature) and a suite 

of variables measured at a Canadian Association for Laboratory Accreditations, Inc. accredited 

laboratory, including nutrients, pH, turbidity, TSS, chlorophyll a measured at each site and additional 

variables (total and dissolved metals and major ions, hardness, alkalinity, colour, conductivity, and 

microbiological parameters) at selected sites. A list of parameters measured in the study area is provided 

in Appendix 2C.  

Water quality was measured at the two stream crossings for the proposed north access road and at three 

stream crossings along the south access road at various times in 2003–2005. Parameters measured at 

these sites include in situ variables and routine laboratory variables (e.g., nutrients, TSS). 

The sampling programs incorporated the collection of Quality Assurance/Quality Control (QA/QC) 

samples and applied standard measures of QA/QC for sample collection, processing, transport, and data 

review and evaluation. QA/QC samples included trip and field blanks and triplicate samples.    

                                                      

1 Additional sampling was also conducted in 2009 at selected sites but the data have not been incorporated into the 

environmental setting description. 
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A detailed description of water quality sampling sites, times, and methods, and data analysis methods is 

provided in Appendix 2C.  

In addition to the water quality studies described above, TSS data were collected from the inlet to Clark 

Lake to the Kettle GS over the period of 2005–2007 under the Physical Environment Sedimentation 

baseline studies (Physical Environment Supporting Volume [PE SV], Section 7). DO data were also 

collected at various sites under the Physical Environment baseline studies, as described in the PE SV, 

Section 9. 

2.3.3.3 Other Information Sources 

2.3.3.3.1 Tataskweyak Environmental Monitoring Agency 

The Tataskweyak Environmental Monitoring Agency (TEMA) monitoring program included a minimal 

water quality sampling program. Turbidity was measured (in situ) at sediment trap sites during retrieval in 

October 1998. Secchi disk depths were measured at sediment sampling sites (sediment core sites) in 

January 1997 and at sediment trap sites in June 1997, June 1998, and October 1998. Additionally, samples 

of surface water were collected for analysis of TSS at eight sites running along a 450 m transect near the 

mouth of the Burntwood River in Split Lake in January 1998.  

2.3.3.3.2 Manitoba Water Stewardship Water Quality Monitoring 

Water quality has been monitored in Split Lake near the community of Split Lake since 1972 and 

monitoring is currently conducted by MCWS (Map 2-3). Sampling has been conducted three times in the 

open water season (between June and September) since 2002, but was more frequent prior to 2002. 

Winter sampling was added at this site beginning in 2010. Raw data, from 1975 to 2006, were provided by 

MWS (2006) for inclusion in this document. Parameters measured include routine variables  

(e.g., nutrients, TSS, DO) and metals. 

In addition, recent published and unpublished water quality data were compiled with an emphasis on data 

collected in northern Manitoba to assist in providing context for interpreting EIS water quality data for 

the study area. This included analysis of data provided by MWS (2006) for the period of 1997–2006 at 

several sites in northern Manitoba (Table 2-2). Sites included in this analysis (illustrated in Map 2-3) were 

MCWS water quality monitoring sites at: 

 The Burntwood River at Thompson PTH 6 bridge (MB05TGS006); 

 The outlet of Sipiwesk Lake (MB05UES001); and 

 The Churchill River upstream of Granville Lake (MB06EAS001). 

These sites represent three major rivers in northern Manitoba, all of which drain at least in part to the 

study area. For consistency, only data collected in the open water season were included in the statistical 

analysis. It is cautioned that data may not be directly comparable to data collected under the Keeyask 

environmental studies as the sampling frequencies differed.  

Monitoring of the Hayes River (downstream of God‘s River) by Environment Canada (EC) was 

discontinued in 1996. Therefore, data collected by EC for the period of 1993–1995 (the most recent open 
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water season data available) were summarized. While these data are more than 15 years old, they 

represent information for a non-regulated river in northern Manitoba and therefore were included to 

provide context.  

2.3.4 Assessment Approach 

2.3.4.1 Water Quality Objectives and Guidelines 

Provincial water quality objectives and guidelines have been generated for many water quality parameters, 

for the purpose of protecting aquatic biota and wildlife, and various human usages including recreation, 

drinking, irrigation, and livestock watering. A summary of relevant water quality objectives and guidelines 

for the protection of aquatic life, drinking water, and recreation is presented in Appendix 2B. In 

Manitoba, existing provincial water quality objectives and guidelines were revised in 2011 (MWS 2011) 

and are largely in accordance with national CCME guidelines (CCME 1999; updated to 2012). 

Water quality data were compared to MWQSOGs (MWS 2011) and CCME guidelines (CCME 1999; 

updated to 2012). Comparisons were made to PAL objectives and guidelines, as well as to drinking water 

and recreation objectives and guidelines to provide a general context. In addition, guidelines applied by 

other jurisdictions are discussed where relevant. Comparisons were made to these objectives and 

guidelines for characterizing the existing conditions as well as for the assessment of Project effects. 

In general, water quality objectives and guidelines are more stringent for the protection of aquatic life and 

wildlife, relative to those established to protect various human usages, including drinking water objectives 

and guidelines.  

2.3.4.1.1 Objectives and Guidelines for the Protection of Aquatic Life 

The toxicity of several water quality parameters, including a number of metals and ammonia, is affected 

by other water quality conditions. For example, several metals are less toxic to aquatic life in hard water 

than soft water. Consequently, objectives and guidelines for some water quality parameters are calculated 

based on site-specific interrelated conditions to provide site-specificity. For these parameters, site-specific 

water quality objectives were calculated, as directed in the MWQSOGs (MWS 2011) and CCME 

guidelines (CCME 1999; updated to 2012), using the applicable supporting data measured in the same 

water sample. While the Manitoba narrative guideline for nutrients, which includes a numerical guidelines 

for total phosphorus (TP), are not specifically applied to the PAL (i.e., the guideline is intended to apply 

to various uses), it is discussed within MWQSOGs for PAL in this document. 

2.3.4.1.2 Drinking Water Quality Objectives and Guidelines 

Manitoba and CCME water quality objectives and guidelines for drinking water (MWS 2011) were 

adopted from the federal Health Canada guidelines (Health Canada 2010) and applicable objectives and 

guidelines for this study are presented in Appendix 2B. MWQSOGs and CCME guidelines for drinking 

water are identical.  

Drinking water quality objectives and guidelines are intended to be applied to treated or finished water as 

it emerges from the tap and ―are not intended to be applied directly to source waters‖ (CCME 1999; 
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updated to 2012). However, comparison of water quality in the study area to drinking water quality 

objectives and guidelines is included to provide context; it is indicated in the MWQSOGs (MWS 2011) 

that: ―All surface waters…are susceptible to uncontrolled microbiological contamination. It is therefore 

assumed that all raw surface water supplies will be disinfected as the minimum level of treatment prior to 

consumption.‖ Health Canada (2011) also ―advises that surface water never be consumed without 

treatment‖. Furthermore, it is indicated that Manitoba Drinking Water Quality Guidelines ―apply to 

finished drinking water, but can be extrapolated to provide protection to raw drinking water 

sources‖(MWS 2011). As the CCME (1999; updated to 2012) incorporates the Health Canada drinking 

water quality objectives and guidelines, national drinking water quality guidelines are referred to as 

―CCME guidelines‖ in this document. 

2.3.4.1.3 Recreational Water Quality Objectives and Guidelines 

Manitoba recreational water quality guidelines (MWS 2011) are generally consistent with the Health 

Canada guidelines (Health and Welfare Canada 1992). The differences relate to guidelines referring to 

water clarity; Health Canada (Health and Welfare Canada1992) indicates a guideline of 50 NTU 

(nephelometric turbidity units) for turbidity and a Secchi disk depth of 1.2 m while the MWQSOGs 

indicate a narrative guideline for turbidity. As the CCME (1999; updated to 2012) incorporates the Health 

Canada recreational water quality guidelines, national recreational water quality guidelines are referred to 

as ―CCME guidelines‖ in this document. 

2.3.4.2 Environmental Setting 

The general approach applied for characterizing the existing water quality conditions in the study area 

involved compilation of existing data and information for the area and the conduct of baseline field 

studies to generate the information needed to support the impact assessment. Additionally, the 

environmental setting was detailed for both historic (pre-1997) and recent (1999-2006) time periods. 

Lastly, evaluation of trends in water quality for the study area was undertaken to ascertain if water quality 

conditions are notably changing or relatively stable and consistent. Water quality conditions were 

described and compared to water quality objectives and guidelines.  

2.3.4.3 Analysis of Temporal Trends in Water Quality 

For the purposes of the environmental assessment, an evaluation of potential temporal changes in water 

quality within the study area was undertaken to determine if conditions have been undergoing recent 

change that could in turn affect the impact predictions and/or descriptions of the existing environment 

based on the period of Keeyask environmental studies. This was addressed through several approaches: 

 Statistical analysis of historical water quality data collected in Split Lake for a recent 20 year period;  

 Published literature was consulted to assess potential recent temporal changes in water quality in the 

study area; and 

 An assessment of water quality data collected from Stephens Lake and the immediate area since the 

1970s (including sites upstream and downstream of the lake). 
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Methods employed for the statistical analysis of temporal changes in water quality in Split Lake are 

provided in Appendix 2D. A detailed description of information sources, approach, and results of the 

temporal analysis of Stephens Lake water quality is presented in Appendix 2E. 

2.3.4.4 Project Assessment 

Several approaches/information sources were used to describe anticipated effects of the Project on water 

quality, including: 

 Local knowledge; 

 Use of empirical information for existing reservoirs in Manitoba, in particular the Stephens Lake 

reservoir, which was created in 1970; 

 Use of information gained from other existing hydroelectric reservoirs, such as reservoirs in Quebec; 

 Information gained from the Experimental Lakes Area Reservoir Project (ELARP) in which a boreal 

reservoir was created by flooding the surrounding peatlands; 

 Scientific literature pertaining to Project linkage pathways; 

 Information gained from monitoring effects of peat mining and reclamation; and 

 Modelling exercises to generate quantitative estimates of potential effects of the Project on water 

quality. 

The assessment relied heavily upon information and predictions generated for other EIS components. In 

particular, the assessment drew upon information generated from the Physical Environment studies, as 

described in the PE SV, including: 

 Surface Water and Ice Regimes (Section 4); 

 Sedimentation (Section 7); and 

 Surface Water Temperature and Dissolved Oxygen (Section 9). 

 Predicted effects of the Project on water quality were compared to MWQSOGs (MWS 2011) and 

CCME (1999; updated to 2012) guidelines for the PAL, drinking water, and recreation. 

2.3.4.4.1 Description of Modelling Approaches 

A description of the modelling undertaken for temperature and DO is provided in the PE SV, Section 9. 

A description of the modelling undertaken for TSS is provided in the PE SV, Section 7.  

Modelling was also used to assist with estimating the potential effects of the Keeyask Project on other 

water quality variables. Specifically, modelling was employed to estimate: 

 The potential effects of increases in metals and nutrients due to peatland erosion and disintegration; 

and 
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 The potential effects of leaching and decomposition of flooded peat (i.e., flooding) on nutrients and 

metals. 

A detailed description of the water quality modelling approaches, methods, and results are provided in 

Appendix 2F. In general, the modelling approaches applied involved mass-balance calculations for key 

water quality parameters. Effects related to increases in organic TSS, such as increases in nutrients and 

metals, were estimated using the organic TSS predictions (as presented in the PE SV, Section 7) and 

information on measured chemistry of peat samples collected in the study area. In addition, the potential 

contribution of decomposition of flooded organic matter on nutrients and metals in the water column 

(i.e., benthic nutrient flux) was considered through a mass-balance modelling approach based on the 

flooded area, peat chemistry, estimates of benthic nutrient/metal flux rates, and water volumes/residence 

times of the various peat transport zones. 

2.3.4.4.2 Characterization of Project Effects 

Effects of the Project on water quality were described using the general approach described in Section 1. 

The general approach used to characterize the effects of the Project on water quality was based on 

comparison of predicted changes in water quality to MWQSOGs (i.e., is the Project expected to cause an 

exceedance of a water quality guideline) for the PAL. A detailed description of the characterization of the 

magnitude of effects of the Project on water quality is provided in Appendix 2G. 

2.4 WATER QUALITY: ENVIRONMENTAL SETTING 

The following provides a description of water quality for the study area, considering each of the areas 

described in Section 2.3.2. The discussion provides: 

 Local knowledge regarding water quality in the study area;  

 An overview of published literature describing water quality changes associated with the CRD/LWR 

(Section 2.4.1); 

 A summary of water quality data collected in the study area under the Keeyask environmental studies 

since 1997 (Section 2.4.2) as well as an overview of recent water quality data collected at 

representative northern Manitoba MCWS and EC water quality monitoring sites for regional context. 

Other published information for the study area collected in this time period was also included; and 

 A summary of a statistical temporal analysis conducted on water quality data collected in Split Lake 

over the period of 1987–2006 and a qualitative temporal analysis of water quality changes in Stephens 

Lake from 1972 to 2006 (Section 2.4.3). 

2.4.1 Pre-1997 Conditions 

2.4.1.1 Split Lake Area 

Prior to CRD/LWR, water quality surveys were conducted in the Split Lake area in 1966 by Schlick 

(1968), in 1972 by Crowe (1973), and in 1972 and 1973 by Cleugh (1974). Additionally, TSS data 
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collected prior to 1997 were described by UMA (1973). As part of the Lake Winnipeg, Churchill and 

Nelson Rivers Study Board (LWCNRSB) studies, Cleugh (1974) described pre-CRD/LWR water quality 

conditions (1972-1973) in Split Lake and provided predictions of potential effects of the Project. 

Several studies have compared water quality data for Split Lake collected prior to and following 

CRD/LWR (Vitkin and Penner 1979; Playle and Williamson 1986; Northwest Hydraulic Consultants Ltd. 

[NHC] 1988; Duncan and Williamson 1988; Playle et al. 1988; Ralley and Williamson 1990; Ramsey et al. 

1989; Ramsey 1991a; Williamson and Ralley 1993). Some of the studies involved statistical analysis (Playle 

and Williamson 1986; Duncan and Williamson 1988; Playle et al. 1988; Ramsey 1991a; Williamson and 

Ralley 1993), while others qualitatively compared the conditions pre- and post-CRD/LWR (Vitkin and 

Penner 1979; NHC 1987 and 1988; Ramsey et al. 1989; Split Lake Cree - Manitoba Hydro Joint Study 

Group 1996a, b, c). The results of the individual studies depended largely on the dataset used and how 

pre- and post-CRD/LWR were defined (i.e., timeline). 

Overall, the loading of TSS supplied to Split Lake by the Burntwood River increased post-CRD, although 

the increases were less than predicted in the LWCNRSB reports. Vitkin and Penner (1979) and NHC 

(1988) both found that the annual tonnage of sediment delivered to Split Lake increased by a factor of 

approximately 10 under regulated conditions. However, NHC (1987, 1988) described the effects of CRD 

on suspended sediments and sedimentation and concluded that: ―Sediment concentrations along the 

CRD [were] not substantially different from pre-diversion concentrations in the Burntwood River…‖ 

Depending on the study, TSS and turbidity in Split Lake have been variously described as increased by 

CRD/LWR, decreased by CRD/LWR, and unaffected by CRD/LWR. Playle and Williamson (1986) and 

Playle et al. (1988) reported a statistically significant increase in turbidity in Split Lake following 

CRD/LWR. The analysis was based on a pre- (before mid-1976) and post-CRD/LWR (after mid-1976) 

comparison of available data collected at a site near the community of Split Lake. Conversely, Williamson 

and Ralley (1993) reported that turbidity was not statistically different between pre- and several post-

CRD/LWR periods evaluated. Ramsey et al. (1989) conducted a qualitative comparison of pre-

CRD/LWR (1972–73) data to data collected under the MEMP (1986–1987) and concluded that turbidity 

decreased and transparency increased post-CRD/LWR relative to pre-CRD/LWR conditions. 

Conversely, based on the results of the FEMP studies, Ramsey (1991a) stated that turbidity, TSS, and 

transparency did not change in Split Lake after CRD; this was despite the increase in sediment being 

delivered to the lake. Ramsey (1991a) reported that the lack of increased turbidity in Split Lake could be 

attributed to significant sediment deposition that was occurring at the mouth of the Burntwood River 

where it enters Split Lake. 

Other changes reported in Split Lake with CRD/LWR include a reduction in colour, major ions, 

alkalinity, hardness, nitrogen, organic carbon (OC), and conductivity. An initial increase in TP was also 

observed; however, it was followed by a decline to pre-CRD/LWR levels during the most recent study 

period evaluated (1987–1992; Williamson and Ralley 1993). Williamson and Ralley (1993) indicated that 

this may be evidence that the effects of CRD/LWR in Split Lake were stabilizing at that time.  

Playle and Williamson (1986) and Playle et al. (1988) compared pre- (before mid-1976) and post-Project 

(after mid-1976) data from a site near the community of Split Lake, and reported significant decreases in 

conductivity, alkalinity, hardness, calcium, magnesium, sulphate, and total Kjeldahl nitrogen (TKN), and 
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significant increases in total organic carbon (TOC). More recently, Williamson and Ralley (1993) reported 

similar effects at this site with an expanded dataset (addition of data collected from 1987–1992) and a re-

grouping of time periods (1972–75, 1977–84, and 1987–92). The authors of the study also noted a 

statistically significant reduction in colour, which had not been previously reported.  

At the outlet of Split Lake (at a site in Clark Lake) from 1972-73 to 1987, Ramsey (1991a) observed 

similar changes from 1972–73 to 1987 near the outlet of Split Lake including decreases in: pH; 

conductivity; hardness; alkalinity; calcium; magnesium; potassium; sodium; chloride; and sulphate. 

Ramsey (1991a) also reported that extractable iron concentrations in Split Lake increased significantly 

following CRD/LWR. He attributed this increase to the relatively high concentration of extractable iron 

in the Burntwood River relative to the Nelson River, combined with the increased contribution of 

Burntwood River water to Split Lake post-CRD. Ramsey (1991a) concluded that this increase in 

extractable iron was the only ―adverse effect‖ of CRD/LWR on water chemistry in Split Lake. 

The effects of past hydroelectric developments on water quality in the Split Lake Resource Management 

Area (RMA) were assessed as part of the Split Lake post project evaluation report (PPER) studies on the 

basis of traditional knowledge and scientific studies (Split Lake Cree - Manitoba Hydro Joint Study 

Group 1996a, b, c). The document (Split Lake Cree - Manitoba Hydro Joint Study Group 1996a, b, c) 

stated that: ―There is sufficient pre- and post-diversion data on sediment with respect to Split Lake, 

which generally concludes that the west and north basins of Split Lake and mouth of the Burntwood 

River are major areas affected by increases in turbidity and sediment deposition‖. Traditional knowledge 

provided in the Split Lake PPER indicated the effects of hydroelectric development included: decreased 

water clarity and more common occurrences of algae following construction of the Kelsey GS; the Split 

Lake Cree felt that they could no longer drink the water in the lake and river without feeling they were 

getting sick following CRD/LWR; and the ―flooded shorelines along the diversion route introduced 

mud, silt, vegetation and wood debris into the waterways and made the water dirtier‖ (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996a). 

2.4.1.2 Keeyask Area 

No data or assessment of the effects of hydroelectric development on water quality conditions prior to 

1997 in the reach of the Nelson River between Clark Lake and Stephens Lake were located in the 

published literature. 

2.4.1.3 Stephens Lake Area 

Prior to CRD/LWR, Crowe (1973) conducted a water chemistry and limnology survey in the Nelson 

River upstream of the Kelsey GS and in Stephens Lake (Kettle reservoir) in August 1972. Comparing 

conditions in the ‗newly formed‘ Kettle reservoir to the older Kelsey reservoir, Crowe (1973) reported 

that the Kettle reservoir was not stratified and there was evidence of a gradient of DO depletion along 

flooded areas at depth. As part of the LWCNRSB, Cleugh (1974) described the water quality conditions 

(1972–73) within the Stephens Lake reach and found that water quality in the north arm of Stephens 

Lake differed from the mainstem of the Nelson River. Specifically, he reported that dissolved 

phosphorus (DP), TP, and transparency were higher in the north arm than the mainstem of the lake, and 
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there was DO depletion in the north arm. In addition, while not measured, Cleugh (1974) indicated that 

the north arm was ―highly coloured and dark brown‖, despite the higher Secchi disk depths observed in 

this area. Cleugh (1974) attributed the spatial differences to flooding associated with the construction of 

the Kettle GS and indicated that these ―water quality changes are probably typical of what may be 

expected in inundated areas of most northern reservoirs.‖   

Following CRD/LWR, water quality was evaluated at three sites in Stephens Lake in 1986 and 1987 

under the MEMP and the results were qualitatively compared to the pre-CRD/LWR (1972–74) data 

collected at similar sites in Stephens Lake by the LWCNRSB (Ramsey et al. 1989). In the north arm of 

Stephens Lake, water quality was similar to the main stem in the 1980s (i.e., water transparency and 

nutrients were lower and total dissolved solids [TDS] were higher than prior to CRD/LWR). These 

changes were attributed to the evolution of limnological conditions associated with the flooding of the 

Kettle GS reservoir. The sites compared on the main stem indicated that nutrients, TDS, turbidity, 

transparency, TSS, conductivity, and colour were in the same range in 1972–74 and 1986–87.    

The effects of past hydroelectric developments on water quality in the Split Lake RMA were assessed as 

part of the Split Lake PPER studies on the basis of local knowledge and scientific studies (Split Lake Cree 

- Manitoba Hydro Joint Study Group 1996a, b, c). Elders and resource harvesters have stated that water 

quality in Stephens Lake changed as a result of CRD/LWR and that water quality appeared to further 

deteriorate around 1984 or 1985. As reported in the Split Lake Cree PPER, Split Lake Cree indicated that 

turbidity, sediment, and algae were observed to increase in Stephens Lake following CRD and flooding 

associated with the Kettle GS (Split Lake Cree - Manitoba Hydro Joint Study Group 1996a).  

2.4.1.4 Downstream Area 

Pre-CRD/LWR, Cleugh (1974) described water quality conditions (1972–73) in the reservoir of the Long 

Spruce GS and indicated that the Nelson River was ―substantially more concentrated…for most chemical 

constituents‖ and that ―transparency was significantly lower than for the Churchill system‖.  

Within this reach, a number of water quality studies have focused on the effects of GSs such as the 

Limestone GS or Long Spruce GS. Penner et al. (1975) described sediment loads on the lower Nelson 

River in 1974 (pre-Limestone and Long Spruce GSs) and a limited amount of water quality data were 

generated by a series of fisheries studies conducted on the lower Nelson River from 1985–89 by 

Manitoba Fisheries Branch, during construction of the Limestone GS (Swanson 1986; Swanson and 

Kansas 1987; Swanson et al. 1988, 1990, 1991). 

Water quality data were also collected from the Long Spruce and Limestone reservoirs and the lower 

Nelson River as a component of the Limestone Generating Station Monitoring Program in 1989-1994, 

1996, and 1999. A synthesis of the effects of the Limestone GS on the aquatic environment by 

North/South Consultants Inc. (2012) indicated that in general, water quality was fairly consistent between 

the reservoirs and the downstream sites. Due to the lack of pre-Project data, absolute changes in water 

quality may have occurred within the Project zone of influence that would not be discernible without 

baseline data. In addition, some temporary effects may have occurred during and/or immediately 

following impoundment that were not captured by the program. However, the available information 

collected post-impoundment in the Limestone reservoir indicates that nutrients were relatively similar to 
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the upstream Long Spruce reservoir and to the downstream environment after impoundment, although 

interpretation of conditions downstream are more complex due to sampling site relocation and local 

influences. Similarly, there was no indication that DO was reduced to levels unsuitable for aquatic life in 

the Limestone reservoir.  

Collectively, the post-Project Limestone GS monitoring data, in conjunction with knowledge of the 

magnitude of flooding and changes in hydrology associated with the Limestone Generation Project 

indicate that the Project did not result in dramatic nutrient enrichment if at all. Consequently, biotic 

changes that occurred in the Limestone reservoir were more likely related to changes in water depth and 

velocity than they were to changes in water quality. 

2.4.2 Current Conditions (Post-1996) 

The following sections provide a discussion of water quality conditions across the study area as measured 

since 1997. Information is presented first as an overview of conditions across the study area, with an 

emphasis on sites sampled on the mainstem of the lower Nelson River and major tributaries 

(Section 2.4.2.1). Information for variables such as major ions, metals, and microbiological parameters is 

summarized in Section 2.4.2.1 only. Water quality in the study area is then discussed in a regional context 

by considering water quality data collected at long-term water quality monitoring sites in northern 

Manitoba and published literature. 

A more detailed discussion of key water quality variables (i.e., nutrients, TDS/conductivity, turbidity, TSS, 

DO, colour, pH, alkalinity, and hardness) by study area reaches, with an emphasis on results that differ 

from the overall water quality conditions measured across the study area as a whole, is then presented. 

Supplemental water quality tables and figures are provided in Appendix 2H. The final section (Section 

2.4.3) discusses temporal trends in water quality in Split Lake over the period of 1987–2006 and changes 

in water quality in Stephens Lake since 1972. 

2.4.2.1 Overview 

2.4.2.1.1 General Water Quality Conditions 

The following is a general overview of water quality conditions measured by Manitoba Hydro during 

Keeyask environmental studies conducted from Split Lake to the Nelson River estuary from 1999–2006. 

Means for key water quality variables by site are presented in Table 2-2. Overall, the mainstem of the 

study area is moderately nutrient-rich (Figure 2-1 and Figure 2-2), well-oxygenated (Figure 2-3), 

moderately soft to hard (Table 2-2 and Table 2-3), and has a slightly alkaline pH (Figure 2-4). Alkalinity is 

moderate and is largely owing to the bicarbonate ion, as is typical of Canadian surface waters (Canadian 

Council of Resource and Environment Ministers [CCREM] 1987). On the basis of alkalinity and pH, the 

study area would be considered ―least sensitive‖ to acidification and most sites would also be classified as 

of ―least sensitivity‖ on the basis of calcium concentrations (Table 2-4). Conversely, on the basis of TDS, 

the sensitivity of waters in the study area ranges from least to moderate. 

Water quality is relatively similar across the mainstem of the study area (i.e., along the main flow of the 

Nelson River to the estuary). However, Split Lake water quality varies near tributary inflows as the quality 
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of water varies between the three main tributaries (the Burntwood, Nelson, and Aiken rivers). The 

Burntwood River is typically more turbid (Figure 2-5), is characterized by lower alkalinity, TKN 

(Figure 2-2), TDS/specific conductance (Figure 2-6), is softer (Table 2-2), and contains higher 

concentrations of TSS (Figure 2-7) and lower fractions of phosphorus in dissolved form (Figure 2-8) than 

either the Nelson or Aiken rivers or Split Lake proper (i.e., lake outflow). The Nelson River, as it enters 

Split Lake, has a higher alkalinity and specific conductance/TDS, and is harder than the Burntwood or 

Aiken rivers. The Aiken River is more coloured, has a lower pH, is clearer, has lower concentrations of 

TP, and contains higher concentrations of OC and TKN. 

Water quality in Stephens Lake also varies spatially. Conditions at the south end of Stephens Lake 

resemble those observed on the main flow of the Nelson River upstream and downstream of the lake. 

This area is more nutrient-rich (Figure 2-1 and Figure 2-2), more turbid (Figure 2-5), does not stratify, 

and is more oxygenated over winter than the north arm of the lake. Like turbidity, TSS concentrations 

decrease in the southern area of the lake from west to east (Figure 2-7; PE SV, Section 7.3.1.2.1). The 

north arm may stratify in winter and in summer under atypically low wind conditions. Similarly, DO is 

lower in the north arm in winter, most notably at depth and in flooded backbays. Temporary depletion of 

DO at depth can also occur when transient thermal stratification occurs in backbays under low wind 

conditions. 

Changes in some water quality conditions are also evident from Stephens Lake to the estuary. Specifically, 

TSS (Figure 2-7) and turbidity (Figure 2-5) decrease along the flow of the Nelson River in Stephens Lake 

and downstream, increasing again at the lower end of the Nelson River (downstream of the Angling 

River). A similar trend is observed for TP (Figure 2-1). As TP is correlated to TSS (i.e., a significant 

fraction of the TP is in particulate form; Appendix 2H, Figure 2H-8), this is not unexpected. Other 

routine variables are generally similar along the length of the lower Nelson River. 

Smaller tributaries to the Nelson River (e.g., Two Goose and Beaver creeks) are also typically well-

oxygenated (Figure 2-3), relatively clear (low turbidity/TSS; Figure 2-5 and Figure 2-7), and have a near-

neutral pH (Figure 2-4). Conductivity (Figure 2-6) and phosphorus (Figure 2-1) are notably lower and OC 

higher (Figure 2-9) in these streams than the mainstem of the Nelson River. These streams are also 

somewhat more acidic than the Nelson River (Figure 2-4).  

Larger downstream tributaries (Limestone, Angling, and Weir rivers) are generally clearer (Figure 2-5 and 

Figure 2-7), less phosphorus-rich (Figure 2-1), contain higher concentrations of OC (Figure 2-9), and 

exhibit lower concentrations of chlorophyll a (Figure 2-10) than the mainstem of the Nelson River. The 

Angling River and, to a lesser extent the Weir River, also tend to be more dilute (i.e., lower conductivity) 

than the mainstem of the Nelson River (Figure 2-6). 

2.4.2.1.2 Comparison of Routine Variables to Water Quality Objectives and 

Guidelines for the Protection of Aquatic Life 

For the purposes of the following discussion, water quality is considered in terms of ―routine‖ water 

quality variables, major ions and metals, and microbiological parameters. Routine variables include 

various forms of nutrients, DO, water clarity variables (Secchi disk depth, TSS, turbidity, true colour), pH 

and alkalinity, hardness, OC, and conductivity and TDS. 
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Concentrations of ammonia and nitrate/nitrite were consistently below the MWQSOGs and CCME 

guidelines for the PAL. pH (laboratory and in situ measurements) was also within the Manitoba and 

CCME PAL guidelines (6.5–9) at all sites and times. In general, TP concentrations at lake sites exceeded 

the MWQSOG narrative guideline of 0.025 milligrams per litre (mg/L) for lakes, whereas mainstem sites 

and tributaries to the Nelson River were typically below the MWQSOG narrative guideline of 

0.050 mg/L for rivers and streams (Figure 2-1).  

Dissolved oxygen was consistently within water quality objectives for the protection of aquatic life along 

the mainstem of the Nelson River in the open water and ice-cover seasons. Conversely, Manitoba water 

quality objectives and CCME guidelines were not always met at off-current locations. Specifically, several 

sites in the north arm of Stephens Lake and some sites in the vicinity of York Landing exhibited low DO 

in winter either across depth or at depth. DO can be lower in winter in ice-covered aquatic ecosystems 

due to the presence of ice which limits or prevents reaeration and depletion of DO below water quality 

objectives is relatively common in north-temperate systems in winter. Data collected in summer 2008 also 

indicated that Manitoba PAL objectives and CCME PAL guidelines for DO may not be met near the 

sediment-water interface in isolated backbays in Stephens Lake during periods of atypically low wind and 

subsequent transient stratification.  

Additionally, tributaries to the Nelson River downstream of Stephens Lake may exhibit DO 

concentrations below the most stringent Manitoba objective (for the protection of early life stages of cold 

water species) and CCME guideline in winter. DO was also below Manitoba water quality objectives and 

CCME guidelines in the open water and ice-cover seasons at some access road stream crossing sites.  

2.4.2.1.3 Comparison of Routine Variables to Drinking Water Quality 

Guidelines  

Nitrate/nitrite was consistently below the Manitoba water quality objective and the CCME guideline for 

drinking water (10 mg N/L). Conversely, a number of measurements of pH (laboratory and in situ 

measurements) exceeded the upper end of the Manitoba and CCME aesthetic drinking water quality 

objective (i.e., 8.5). True colour measured in all but one sample collected along the mainstem of the study 

area (from Split Lake to the estuary) was at or above the Manitoba and CCME aesthetic drinking water 

quality objective (less than or equal to 15 true colour units [TCU]). As the maximum acceptable 

concentration (MAC) for turbidity in drinking water is only 0.3/1.0/0.1 NTU (actual limit is dependent 

upon the method of water treatment), virtually all measurements of turbidity collected throughout the 

study area exceeded this guideline. However, as indicated in Section 2.3.4.1, it is re-emphasized that 

drinking water guidelines apply to finished (treated) drinking water, not to raw, untreated water. 

2.4.2.1.4 Comparison of Routine Variables to Recreational Water Quality 

Guidelines 

The pH of the study area was consistently within the Manitoba and CCME guideline range for recreation 

(5–9) and turbidity (laboratory) was typically below the CCME guideline (i.e., Health and Welfare Canada 

1992 recreational water quality guideline) of 50 NTU. Three samples collected from Split Lake in 

July 2003 slightly exceeded the CCME guideline for turbidity. Secchi disk depths are typically less than 
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1.2 m in the study area and therefore do not currently meet the Health Canada recreational guideline for 

primary contact recreation waters (i.e., greater than or equal to 1.2 m). 

2.4.2.1.5 Trophic Status of the Study Area 

Concentrations of TP averaged between 0.03 and 0.04 mg/L at sites located on the mainstem of the 

Nelson River (Figure 2-1). However, TP declined in Stephens Lake but increased again at the lower end 

of the Nelson River. Assean Lake and tributaries to the Nelson River contained lower concentrations of 

phosphorus than the Nelson River. In general, total DP comprises less than half of the TP at sites along 

the mainstem of the study area, but is more significant in small and large tributaries (Figure 2-8). 

On the basis of TP, the mainstem of the study area would be classified as meso-eutrophic to eutrophic, 

using the CCME phosphorus guidance framework (Table 2-5; CCME 1999; updated to 2012). However, 

application of trophic categorizations suggested in the scientific literature indicates that on the basis of 

chlorophyll a, the mainstem lakes would be considered mesotrophic. This suggests that factors other than 

phosphorus (e.g., light) limit algal growth in the area and/or that the bioavailability of phosphorus may be 

limited. Regression analysis further reveals a weak relationship between chlorophyll a and TP 

concentrations in the study area as a whole (Figure 2H-9). Instead, a significantly positive correlation is 

observed between TP and TSS (Figure 2H-8), indicating that phosphorus is highly associated with non-

algal solids/particulates.  

Assean Lake, the north arm of Stephens Lake, small tributaries, the Weir, Angling, Limestone, and Aiken 

rivers, and sites in Split Lake near the community of York Landing have lower TP concentrations than 

the mainstem of the Nelson River (Figure 2-1). Trophic status, on the basis of TP, of these sites ranges 

from oligotrophic (e.g., small tributaries to the lower Nelson River), to mesotrophic (e.g., large tributaries 

to the lower Nelson River, north arm of Stephens Lake), to meso-eutrophic (e.g., Aiken River). 

2.4.2.1.6 Major Ions and Metals 

The dominant cations along the Nelson River are calcium and sodium (Figure 2-11). These cations are 

also dominant in the Burntwood and Aiken rivers, although concentrations of magnesium, potassium, 

and sodium are lower in these rivers relative to the main flow of the Nelson River (Figure 2-11). Calcium 

is also notably lower in the Burntwood River than the Nelson River (Figure 2-11). 

Of the 28 metals and metalloids analysed in the study area, only beryllium was never detected in surface 

water samples (Table 2-6). Several metals were either infrequently detected (i.e., less than 10% of samples) 

or typically present in very low concentrations (i.e., at or near the analytical millilitre [DL]) including 

antimony, bismuth, cadmium, mercury, selenium, and thallium (Table 2-6; Appendix 2H).  

Most metals were consistently below Manitoba and CCME water quality PAL objectives or guidelines, 

including: arsenic; boron; chromium; lead; molybdenum; nickel; thallium; and uranium (Table 2-7). 

Several trace elements occasionally exceeded MWQSOGs for the protection of aquatic life including: 

copper; selenium; and silver. In addition to copper, selenium, and silver, cadmium and zinc occasionally 

exceeded the CCME PAL guidelines, which are more stringent than the Manitoba PAL water quality 

objectives (Table 2-7). Chloride was consistently below the CCME PAL guideline (120 mg/L) in all 

samples collected in the study area (there is currently no MWQSOG for chloride). 
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The Manitoba water quality guideline for mercury for the PAL was revised from 0.0001 mg/L (as total 

mercury; Williamson 2002) in July 2011 (MWS 2011). The new guideline refers to inorganic mercury 

(0.000026 mg/L) and methylmercury (0.000004 mg/L) and is consistent with the CCME PAL guideline 

(CCME 1999; updated to 2012). The Keeyask environmental studies were initiated prior to issuance of 

the revised MWQSOGs in 2011 and mercury was analysed at an analytical detection limit that was 

sufficiently low to facilitate comparisons to the guideline current at that time. Comparison of baseline 

data for mercury cannot be made where mercury was reported as below the analytical detection limit. 

However, total mercury was occasionally detected in the study area and when detected the concentrations 

exceeded the current guideline for inorganic mercury. Thirteen percent of samples collected along the 

Nelson River system in the open water season contained detectable concentrations of mercury. However, 

most of these measurements were less than two times the analytical detection limit and should be viewed 

with caution (i.e., concentrations were near the analytical detection limit). 

Additional water quality sampling was conducted in fall 2011 to address the revision to the MWQSOGs 

for mercury (Appendix 2J). Total mercury, dissolved mercury, and methylmercury were all below the 

analytical detection limits in samples collected upstream and downstream of the Kelsey GS, Gull Rapids, 

and the Limestone GS. As the detection limits were below the current MWQSOG and CCME PAL 

guidelines, these results indicate total mercury and methylmercury concentrations were within the PAL 

guidelines in the study area.   

In addition, Kirk and St. Louis (2009) reported that both total and methylmercury concentrations 

measured on the lower Nelson River at the Limestone GS from 2003–2007 were low (mean 

concentrations of total and methylmercury were 0.88 ng/L and 0.05 ng/L, respectively) and all 

measurements of total mercury and methylmercury were well below the current MWQSOGs and CCME 

PAL guidelines. The aquatic toxicity of metals is typically related to concentrations of dissolved metals as 

these are generally the fractions that are bioavailable to aquatic biota. Kirk and St. Louis (2009) reported 

that most of the total mercury in the Nelson River was in particulate form.   

Conversely, the study area is characterized by relatively high concentrations of iron and aluminum, both 

of which are typically present at concentrations that exceed Manitoba and CCME PAL water quality 

guidelines (Table 2-7; Figure 2H-10 and Figure 2H-11). Spatially, concentrations of iron and aluminum 

are relatively similar along the mainstem of the Nelson River from Split Lake to the estuary but are higher 

in the Burntwood River and notably lower in the Aiken River. Both are relatively abundant elements (iron 

and aluminum are the third and fourth most abundant elements in the earth‘s crust, respectively) and 

elevated concentrations occur in ‗pristine‘ environments, including waterbodies in Manitoba. Ramsey 

(1991a) concluded that high concentrations of aluminum, copper, and iron in the Burntwood (above 

Threepoint Lake), Footprint (above Footprint Lake), and Aiken rivers (all ―natural, unregulated rivers‖) 

were ―natural‖.  

High concentrations of iron have occurred since at least the 1970s in Split Lake (Figure 2H-12). Total 

aluminum has only been recently monitored in Split Lake (beginning in 1998) but concentrations have 

been consistently above the MWQSOG and CCME PAL guideline (Figure 2H-13). High concentrations 

of iron have also been reported across Canada and elevated aluminum concentrations have been reported 

for the western Canada region (Table 2-8). 
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The mean concentration of total iron measured across the mainstem of the study area is below the 

recently revised British Columbia Ministry of the Environment (BCMOE) water quality guideline for iron 

for the protection of aquatic life (1.0 mg/L; BCMOE 2009). Phippen et al. (2008) noted that ―there is also 

some evidence that in many circumstances 1 mg/L might be overprotective.‖ The authors also noted that 

total iron may exceed this guideline due to ―natural causes‖ and that this is often caused by high loads of 

suspended materials and the association of total iron with suspended materials. Metals may be elevated in 

association with suspended materials and both total aluminum and total iron are significantly positively 

correlated to TSS in the study area (Figure 2H-14). Several other metals are also significantly positively 

correlated to TSS including: barium; chromium; cobalt; manganese; potassium; vanadium; and titanium 

(Figure 2H-14). 

As noted above, the aquatic toxicity of metals is typically related to concentrations of dissolved metals. 

Dissolved forms of aluminum and iron comprise small fractions of the total forms of each metal in the 

study area; dissolved aluminum and iron comprised on average 5 and 6% of the total fraction of each 

metal, respectively1.  

With the exception of two anomalous measurements which are believed to reflect a sampling or 

measurement error, dissolved aluminum concentrations have been consistently well below the BCMOE 

(2009) water quality guideline for aluminum which is based on the dissolved form of the metal (0.1 mg/L 

dissolved aluminum where pH is above 6.5). The BCMOE guideline for dissolved aluminum is the same 

concentration as the Manitoba (MWS 2011) and CCME (1999; updated to 2012) water quality guideline 

for total aluminum. 

Similarly, with the exception of one anomalous measurement (from the same sample as referred to for 

aluminum above), dissolved iron has been consistently below the recently revised BCMOE (2009) water 

quality guideline for dissolved iron for the protection of aquatic life (0.35 mg/L) in the study area. The 

BCMOE guideline for dissolved iron is 10 times lower than the most sensitive toxicity concentrations 

identified from the scientific literature (LC50 for Hyalella and Selenastrum, Phippen et al. 2008) and 

therefore incorporates a safety factor.  

PAL water quality objectives and guidelines for metals are typically more stringent than drinking water 

quality guidelines and most metals were present at concentrations below Manitoba/CCME drinking 

water quality guidelines2 across the study area (Table 2H-3). Those parameters that were consistently 

below Manitoba/CCME drinking water quality guidelines in the study area include: antimony; arsenic; 

barium; boron; cadmium; chloride; chromium; copper; fluoride; lead; mercury; selenium; sodium; 

sulphate; uranium; and zinc. The exceptions included: iron (which exceeded the aesthetic objective in the 

majority [96%] of samples); and manganese in a single sample (which was above the aesthetic guideline).  

                                                      

1 Note: Two outliers removed from analysis. 

2 MWQSOGs and CCME drinking water guidelines for metals are identical 

http://www.env.gov.bc.ca/wat/wq/wq_guidelines.html#approved
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2.4.2.1.7 Microbiological Parameters 

Fecal coliform bacteria were detected at relatively low concentrations (less than or equal to 40 coliform 

forming units [CFU]/100 mL) in less than half of the water samples collected over the course of the 

sampling programs (Table 2H-4). Fecal coliform bacteria were detected across the study area including 

the Burntwood and Aiken rivers, Split and Stephens lakes, and at various sites along the Nelson River. All 

measurements were below the Manitoba and CCME water quality guidelines for recreation 

(200 CFU/100 mL). As the Manitoba/CCME drinking water guideline is 0 CFU/100 mL, where 

detected, concentrations exceeded the guidelines; however, as indicated in MWS (2011): ―All surface 

waters…are susceptible to uncontrolled microbiological contamination. It is therefore assumed that all 

raw surface water supplies will be disinfected as the minimum level of treatment prior to consumption.‖ 

Cryptosporidium oocysts and Giardia cysts (protozoan parasites) were rarely detected in viable forms in the 

study area (Table 2H-4). Three samples contained a single viable Cryptosporidium oocyst (i.e., 

1 oocyst/10 L; one sample from the Burntwood River mouth [SPL1] and two samples from the Aiken 

River [AK1]). Two samples contained a single viable Giardia cyst (Split Lake [SPL7] and Stephens Lake 

[STL1]) and a third sample contained 2 viable cysts (Stephens Lake [STL1]) from 2001–2003. There are 

currently no numeric Manitoba or CCME guidelines for Giardia or Cryptosporidium for drinking water, 

PAL, or recreation. 

2.4.2.2 Regional Context 

The following is intended to provide a brief description of how water quality in the study area compares 

to other sites in northern Manitoba to provide a regional context. The comparisons discussed below are 

not intended to be comprehensive or statistical in nature; rather, the discussion focuses on general 

qualitative comparisons of key variables. 

2.4.2.2.1 Nutrients 

The mainstem of the study area is meso-eutrophic to eutrophic on the basis of TP, with concentrations at 

sites located on the lower portion of the Nelson River generally somewhat lower than sites upstream 

(Table 2-2). Concentrations are similar to or lower than those measured over the last decade on the 

Burntwood River and mid-Nelson River system (at Sipiwesk Lake; Table 2-2, Figure 2-1). The higher 

mean TP concentrations for the Burntwood and Nelson rivers calculated from data provided by MCWS 

may reflect changes in the analytical laboratory (see Appendix 2D for a more detailed discussion). 

Phosphorus is lower on the Churchill River at Granville Lake, but the trophic status is consistent with 

sites on the lower Nelson River. Similarly, Kirk and St. Louis (2009) reported that the Nelson River (at 

the Limestone GS) contains higher concentrations of TP than the Churchill River (at the river mouth). 

To provide a broader context, concentrations of TP measured at sites across Manitoba are depicted in 

Figure 2-12. TP concentrations in the study area are on the lower end of the range of concentrations 

measured across the province. 

Concentrations of nitrogen (measured as TKN) in the study area are similar to concentrations measured 

upstream on the Nelson and Burntwood rivers but somewhat higher than concentrations from the 

Churchill River as measured at Granville Lake (Table 2-2, Figure 2-2). However, Kirk and St. Louis 
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(2009) reported that relative to a site at the mouth of the Churchill River, total nitrogen (TN) 

concentrations were lower on the Nelson River than the Churchill River over the period of 2003–2007. 

Comparison of TN concentrations measured in the study area to other sites in MB indicates that the 

study area contains relatively low concentrations of nitrogen (Figure 2-13). 

2.4.2.2.2 Water Clarity 

Water clarity along the mainstem of the study area is lower than the Churchill River (Table 2-2, 

Figure 2-5 and Figure 2-7). The Burntwood and Nelson rivers are relatively turbid, reflecting the 

lacustrine clays found in the watersheds (Jones and Armstrong 2001). Bodaly et al. (1984a) indicated that 

lakes along the CRD/LWR route had relatively high turbidities prior to CRD/LWR due at least in part to 

the glaciolacustrine shorelines and sediments, the riverine nature of the lakes, and the shallowness of 

the lakes. The Nelson River is affected in particular by weathering of fine-grained prairie soils upstream 

in the watershed.  

2.4.2.2.3 Alkalinity/pH 

pH and alkalinity are somewhat higher in the study area than in the Churchill River (Table 2-2, 

Figure 2-4), although pH is within the water quality guidelines for the protection of aquatic life. Total 

alkalinity is within the typical range for surface waters (i.e., less than 500 mg/L as CaCO3; Table 2-9). 

2.4.2.2.4 Total Dissolved Solids/Specific Conductance/Hardness 

The Nelson River contains higher concentrations of TDS than the Burntwood, Churchill, or Hayes rivers 

(Table 2-2). Duncan and Williamson (1988) stated that the Nelson River contains an uncharacteristically 

high amount of dissolved solids, reflecting the glaciolacustrine clays in the region. However, compared to 

other large Canadian rivers, the TDS concentrations of the Nelson and Burntwood rivers are moderate 

(Figure 2-14). The range of TDS observed in the study area lakes is also in agreement with the typical 

range (100–200 mg/L) for lakes with open-basins (CCREM 1987). Similarly, the Nelson River has harder 

water than the Burntwood, Churchill, or Hayes rivers (Table 2-2). 

2.4.2.2.5 Aluminum and Iron 

While relatively high in the study area, concentrations of both aluminum and iron are within the reported 

ranges for Canadian surface waters and similarly high concentrations are found in undisturbed streams in 

Manitoba (Ramsey 1991a). Both substances are higher in the Burntwood and Nelson rivers than the 

Churchill River (Table 2-2). Iron is typically less than 0.5 mg/L in aerated surface waters (CCREM 1987), 

but ranges up to 7.55 mg/L and 11.0 mg/L in the central and western regions of Canada, respectively 

(Table 2-8). Aluminum reportedly ranges up to 70 mg/L in Canadian surface waters (CCREM 1987). 

Jones and Benett (1986) reported that the amount of aluminum in North American rivers ranges from 

0.012–2.25 mg/L. In a recent review, Phippen et al. (2008) reported that total iron concentrations in 

freshwater systems can be in excess of 100 mg/L ―since the typical analytical techniques would include 

any suspended soil particles.‖ Concentrations of total iron and aluminum measured in the Red and 

Assiniboine rivers are notably higher than those recorded in the study area, indicating high concentrations 

occur in other freshwater rivers in Manitoba (Table 2-10).  
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2.4.2.2.6 Mercury and Methylmercury 

Kirk and St. Louis (2009) reported that the Nelson River (at the Limestone GS) contained significantly 

lower concentrations of total and methylmercury than the Churchill River (near the Missi Control 

Structure and at the mouth). Additionally, the authors reported that methylmercury, in particular, was 

higher in the Churchill River, which they postulated is related to the relatively higher dissolved organic 

carbon (DOC) concentrations and contributions from wetlands. 

2.4.2.3 Split Lake Area  

The Split Lake area includes the mouths of the Burntwood, Nelson, and Aiken rivers, and Split, Clark, 

and Assean lakes (Map 2-4). Split Lake is a relatively shallow lake, with a moderately large surface area 

(Lawrence et al. 1999). It receives flows from the Burntwood River to the west, the upper Nelson River to 

the southwest, and the Aiken River to the southeast (Map 2-4). Water quality is somewhat heterogeneous 

in Split Lake, reflecting the locations of multiple tributaries with varying water quality and flows.  

Split Lake does not thermally stratify but weak vertical differences in water quality conditions can occur 

at some locations and times, notably near tributary inflows. Spatially, water quality in the lake resembles 

the quality of its tributaries near tributary mouths, the extent of which depends upon tributary discharge 

as well as variability in tributary and lake water quality conditions. Water quality at the Split Lake outlet is 

a reflection of the various inflows and in-lake processes. 

Clark Lake is approximately 11.7 km2, with average and maximum depths of 5.02 and 23.85 m, 

respectively, and receives flow from the Assean River, an off-system lake/river system, from the north. 

Available information indicates Clark Lake does not thermally stratify.  

Assean Lake is located to the north of Split and Clark lakes and has a surface area of approximately 

77.9 km2. Thermal stratification has been observed during two spring sampling periods (2001 and 2002), 

although dissolved oxygen was above 10 mg/L during these periods across depth.  

The following provides an overview of key water quality parameters measured over the Keeyask 

environmental studies in the Split Lake area. 

2.4.2.3.1 Dissolved Oxygen 

Split, Clark, and Assean lakes and the Burntwood, Nelson, and Aiken rivers are well-oxygenated in the 

open water season (Figure 2-3) and at most sites in winter (Table 2H-5). DO concentrations were within 

the Manitoba water quality objectives for cool and cold water aquatic life and CCME guidelines for the 

protection of cold water aquatic life at most sites and times in the lakes and rivers. Exceptions include 

DO conditions measured at site SPL5 (near the community of York Landing) in March 2001 and 2004, 

where DO was less than 9.5 mg/L and a site in Assean Lake in March 2002 where DO was less than 

9 mg/L (Table 2H-5). Dissolved oxygen depletion may occur in at least some winters near the Aiken 

River mouth and the community of York Landing. Sampling conducted at multiple sites in this area in 

late winter 2007 indicated that DO was typically less than 9.5 mg/L at the surface and decreased across 

depth reaching 2–4 mg/L at deeper sites (Table 2H-5).  
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2.4.2.3.2 Turbidity/Total Suspended Solids/Water Clarity/Colour 

The Split Lake area is relatively turbid (Figure 2-5) resulting in low transparency (Secchi disk depths less 

than 1 m). The Burntwood River is more turbid (and has higher TSS concentrations; Figure 2-7) than 

either the Nelson or Aiken rivers. This is reflected in a more turbid plume emanating from the 

Burntwood River mouth (Map 2-5). The Aiken River and Assean Lake are notably less turbid and have 

higher water clarity than Split or Clark lakes and the Burntwood and Nelson rivers. This disparity results 

in a gradient of turbidity near the Aiken River mouth. True colour is lowest in the Nelson River and 

highest in the Aiken River. 

2.4.2.3.3 pH/Alkalinity 

The pH of surface waters in the Split Lake area is somewhat alkaline, typically measuring just above 8, 

and within MWQSOGs and CCME guidelines for the PAL (6.5–9, Figure 2-4). Alkalinity is moderate in 

this area, as it is elsewhere in the study area, and is largely owing to the bicarbonate ion. pH is marginally 

lower in the area in winter, as it is elsewhere along the mainstem of the Nelson River, but remains within 

MWQSOGs/CCME guidelines for the PAL (Figure 2H-16). pH often decreases in winter in ice-covered 

systems due to limited photosynthesis (a process that consumes carbon dioxide thus increasing pH) and 

due to the presence of ice cover which may prevent release of carbon dioxide to the atmosphere. On the 

basis of alkalinity and pH, the Split Lake area would be considered ―least sensitive‖ to acidification; on 

the basis of calcium concentration and TDS, waters in the Split Lake area would be considered to have 

low to moderate acid sensitivity. 

2.4.2.3.4 Hardness 

Surface water in the Split Lake area is generally ‗moderately soft‘ (hardness 61–120 mg/L; Table 2-2). The 

Burntwood River is softer than Split and Clark lakes and the Nelson and Aiken rivers and is on the 

border between ―soft‖ and ―moderately soft‖ classifications (Table 2-2 and Table 2-3). The Nelson River 

upstream of Split Lake is hard (hardness 121–180 mg/L) and the Aiken River is intermediate between the 

soft Burntwood River and the hard Nelson River.  

2.4.2.3.5 Conductivity/Total Dissolved Solids 

Specific conductance and TDS vary notably in the Split Lake area, with the lowest values occurring in the 

Burntwood River and the highest in the Nelson River; concentrations within Split Lake are intermediate 

(Figure 2-6). The Aiken River tends to be more dilute than Split Lake, which can be seen as a gradient of 

increasing conductivity from the river out into the lake (Figure 2H-17). Specific conductance is typically 

higher in winter than in the open water season in the Split Lake area, as it is elsewhere along the lower 

Nelson River system (Figure 2H-18). 

2.4.2.3.6 Nutrients and Trophic Status 

Concentrations of phosphorus (Figure 2-1) and nitrogen (Figure 2-2) are relatively high in the Split Lake 

area, as they are elsewhere in the study area (Table 2-5). Concentrations of dissolved inorganic nitrogen 

(DIN) are low but TKN is relatively high. TP is generally above the MWQSOG for lakes, reservoirs, and 

ponds in Split and Clark lakes but is slightly below this guideline in Assean Lake. Overall, TKN is higher 

but TP is lower in the Aiken River than other sites in the Split Lake area.  
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The Aiken River and Assean Lake are mesotrophic/meso-eutrophic whereas Split and Clark lakes and the 

Nelson and Burntwood rivers are eutrophic on the basis of TP (Table 2-5). However, as indicated in 

Section 2.4.2.1, the concentrations of chlorophyll a are relatively low in the study area and indicate that 

factors other than TP affect algal growth or that phosphorus bioavailability may be limited.  

2.4.2.3.7 Organic Carbon 

Concentrations of DOC are generally identical to total organic carbon (TOC) across the study area, 

averaging approximately 8–9 mg/L. Assean Lake and the Aiken River contain higher concentrations than 

Split or Clark lakes or the Burntwood or Nelson rivers. DOC and TOC concentrations are similar along 

the mainstem of the Nelson River (Figure 2-9). 

2.4.2.3.8 Spatial Differences in the Split Lake Area 

There are several notable spatial differences in water quality across the Split Lake area. The following 

provides an overview of these differences. 

Water quality of the Burntwood River as it enters Split Lake varies from conditions in the upper Nelson 

or Aiken rivers as well as water quality conditions near the outlet of Split Lake. The Burntwood River is 

typically more turbid, is characterized by lower alkalinity, TKN, TDS, and specific conductance, is softer, 

and contains higher concentrations of TSS than either the Nelson or Aiken rivers or Split Lake proper 

(e.g., lake outflow). The river is also relatively coloured, although less so than the highly tea-coloured 

Aiken River. Overall the Burntwood River can be characterized as highly-oxygenated, relatively turbid, 

slightly alkaline, soft, and nutrient-rich. These differences in water quality in the Burntwood River can 

also be seen, although attenuated, in the Burntwood River plume within Split Lake (site SPL3).  

Water quality in the Nelson River (near the mouth) also differs from the Aiken or Burntwood rivers or 

Split Lake proper (i.e., at the outlet) for some variables. Specifically, the Nelson River is characterized by a 

higher alkalinity, specific conductance, and concentration of TDS and is harder than Split Lake (outside 

of the tributary mixing zones) or the Aiken or Burntwood rivers. The Nelson River also contains lower 

concentrations of iron and aluminum. 

The Aiken River, which has a considerably smaller watershed than the Burntwood or Nelson rivers and 

drains peatlands, exhibits somewhat unique water quality relative to the other waterbodies. The Aiken 

River is highly coloured, has a lower pH, is clearer (lower turbidity and TSS), and has higher 

concentrations of TKN, TOC, and DOC and a lower concentration of TP than the Nelson or 

Burntwood rivers or Split Lake. Water quality variables that are intermediate between the Burntwood 

River and Split Lake proper include alkalinity, TDS, and hardness. The influence of the Aiken River on 

water quality in Split Lake can be seen for some parameters (i.e., TKN, TP, TOC, DOC, turbidity) as a 

gradient in conditions emanating from the river (AK1) into Split Lake (site SPL5 and YL1). 

Water quality of Assean Lake is similar to the Aiken River for several parameters; like the Aiken River it 

is characterized by lower TP, TSS, turbidity, specific conductance, and chlorophyll a, but higher TOC, 

DOC, and transparency (as measured by Secchi disk depth) than Split Lake. Despite differences in water 

quality of the upstream Assean Lake, water quality at the outlet of Clark Lake is very similar to that 
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observed at the outlet of Split Lake, reflecting the overwhelming dominance of upstream inflows from 

Split Lake relative to the Assean River system. 

2.4.2.4 Keeyask Area  

The Keeyask area includes the Nelson River between the outlet of Clark Lake and Stephens Lake, as well 

as Gull Lake and small tributaries to this reach of the Nelson River (Map 2-6). The following provides a 

summary of the results of these sampling programs for mainstem and tributary sites separately.  

2.4.2.4.1 Mainstem Sites 

The following discussion is focused on the results of samples collected at mainstem sites (NR1, NR2, 

GL1, and GL2) from 2001–2004. In general, water quality conditions in this area are similar to those 

observed upstream and downstream along the main flow of the Nelson River. A brief overview of the 

key water quality variables is provided below. 

Dissolved Oxygen 

The Keeyask area is well-oxygenated in the open water (Figure 2-3) and ice-cover seasons (Table 2H-5), 

and DO was within MWQSOGs and CCME guidelines for the protection of cool and cold water aquatic 

life at all sites and times in Gull Lake and the Nelson River mainstem. Concentrations measured under 

ice in March 2004 at sites on the mainstem (Table 2H-5) and in bays along the north shore of the Nelson 

River (Map 2-7) were high and well above water quality guidelines/objectives for the protection of 

aquatic life.  

DO concentrations measured in John Garson Bay using a DO data logger in summer 2008 indicate that 

concentrations remain relatively high overnight and there is no indication of significant diurnal swings 

(Figure 2H-19); DO concentrations varied typically by less than 1 mg/L over a 24-hour period, being 

lowest at dawn and peaking at approximately 18:00. Temperature followed a similar diurnal trend. 

Additionally, DO remained relatively high and at similar concentrations near the surface and bottom of 

the water column even under periods of low wind (Figure 2H-20); these periods coincided with weak 

thermal stratification (Figure 2H-21). Although small decreases at depth were observed during these 

extended calm periods, concentrations were typically above the most stringent MWQSOG for the 

protection of aquatic life and the CCME PAL guideline for cold water aquatic life and consistently above 

the Manitoba instantaneous minima at all times. 

Turbidity/TSS/Water Clarity 

Generally, this reach is relatively turbid (Figure 2-5) with a low transparency (Secchi disk depths less than 

1 m). TSS and turbidity measured during the baseline water quality studies did not exhibit substantive 

spatial variations in the Keeyask area and levels were similar to those measured upstream (Figure 2-5 and 

Figure 2-7). TSS data collected during the conduct of baseline sedimentation studies indicated similar 

mean TSS concentrations (means ranged from 13 to 19 mg/L) as measured during the water quality 

component of the Keeyask environmental studies (means of 15 to 18 mg/L) for the Keeyask area (PE 

SV, Section 7.3.1.1.1). Similarly, as for most water quality variables, concentrations of TSS vary over time 

in this and other areas of the Nelson River (PE SV, Section 7.3.1). 
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pH/Alkalinity 

Consistent with other areas of the Nelson River mainstem, pH is typically slightly above 8 in the Keeyask 

area, indicating slightly alkaline conditions (Figure 2-4). Alkalinity is also similar to other mainstem sites 

(i.e., less than 100 mg/L as CaCO3) and the area would be classified as ―least sensitive‖ to acidification on 

the basis of the scheme provided by Saffran and Trew (1996). 

Hardness 

Waters are generally ―moderately soft‖ (hardness 61–120 mg/L, Table 2-2) in the Keeyask area, as they 

are upstream, although values slightly higher than 120 mg/L (i.e., ―hard‖ water) have been measured 

during some sampling periods. 

Nutrients and Trophic Status 

Concentrations of phosphorus (Figure 2-1) and nitrogen (Figure 2-2) are relatively high in the Keeyask 

area, as they are elsewhere along the mainstem of the Nelson River in the study area. The mean 

concentration of TP for sites in the Keeyask area (for the open water season over the period of  

2001–2004) ranged between 0.038 and 0.045 mg/L, indicating relatively similar concentrations across this 

reach (Table 2-5). However, as the MWQSOG narrative guideline for TP varies depending on the type of 

waterbody (i.e., lake vs. river), some sites exceeded while others met the guideline. Specifically, TP 

concentrations were above the applicable TP guideline (0.025 mg/L for lakes, reservoirs and ponds and 

streams/rivers near the point of entry to these waterbodies) in Gull Lake and in the majority of samples 

collected in the Nelson River near the mouth to Stephens Lake (NR2). Conversely, TP was below the 

applicable guideline (i.e., 0.050 mg/L) on the Nelson River upstream of Gull Lake (NR1). All sites in the 

Keeyask area would be classified as eutrophic on the basis of TP (Table 2-5).  

Organic Carbon 

As observed elsewhere along the mainstem of the study area, DOC and TOC are typically equivalent and 

concentrations are quite consistent from Split Lake to the estuary (Figure 2-9). Means of TOC along the 

mainstem of the Nelson River from Clark Lake to the estuary ranged between 8 and 9 mg/L (Table 2-2). 

2.4.2.4.2 Tributary Sites 

Overall, the water quality of the three small tributaries (Two Goose Creek; Portage Creek; and Rabbit 

Creek) sampled in this area is similar. The streams are generally well-oxygenated (Figure 2-3) and DO was 

consistently within the MWQSOGs for the protection of cool and cold water aquatic life and the CCME 

guideline for cold water aquatic life. The tributaries are also relatively clear, and turbidity (Figure 2-5) and 

TSS (Figure 2-7) are lower than along the mainstem of the lower Nelson River. Similarly, the specific 

conductance of the creeks is much lower (approximately half) than that of the mainstem river sites 

(Figure 2-6). The pH of the tributaries is neutral to slightly alkaline and consistently within the 

MWQSOGs and CCME guidelines for the PAL (6.5–9.0; Figure 2-4). Nitrogen concentrations are on 

average similar to concentrations on the mainstem of the Nelson River in Two Goose Creek but were 

higher on Portage and Rabbit creeks (Figure 2-2). Conversely, phosphorus concentrations are notably 
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lower than the Nelson River and consistently below the Manitoba narrative guideline for streams 

(0.050 mg/L, Figure 2-1). All three creeks are mesotrophic based on the CCME trophic status categories 

for TP (Table 2-5). 

2.4.2.5 Stephens Lake Area 

Stephens Lake is a large lake (surface area approximately 282 km2) that consists of a relatively riverine 

southern portion, which carries the main flow of the Nelson River, and an off-current northern arm. 

Stephens Lake was formed from impoundment of the Nelson River and Moose Lake during creation of 

the Kettle GS more than 30 years ago. Several small tributaries flow into the northern portion of the lake. 

The Town of Gillam obtains raw water from the southern shore of Stephens Lake for its municipal 

system (near sampling site GT1, Map 2-8).  

Water quality varies within Stephens Lake as a result of the flow patterns and substrate. Along the main 

flow of the Nelson River (i.e., the southern portion of the lake), water quality conditions generally 

resemble those observed on the mainstem upstream and downstream of the lake. This area tends to be 

more nutrient-rich, does not stratify, and is more oxygenated over winter than the north arm of the lake. 

Conversely, the northern arm of Stephens Lake can become stratified in winter and areas of low DO 

concentrations have been observed, most notably over organic substrates or at depth at deeper sites. In 

extreme instances, complete anoxia may develop in some nearshore areas. Additionally, nutrients are 

lower and water clarity is higher in the north arm. 

TSS (Figure 2-7), turbidity (Figure 2-5), and TP (Figure 2-1) decrease along the main flow of the Nelson 

River in Stephens Lake. Sedimentation/transport studies have also indicated that settling occurs over this 

area (PE SV, Section 7), resulting in decreases in TSS. As both turbidity and TP are correlated to TSS in 

the study area (Figure 2H-8), that similar decreases occur for these parameters would be expected. 

2.4.2.5.1 Dissolved Oxygen 

Stephens Lake is typically well-oxygenated in the open water season (Figure 2-3), as observed in other 

areas of the Nelson River system. However, as indicated above, DO depletion is evident in some areas on 

the northern portion of the lake in at least some winters and concentrations did not meet Manitoba water 

quality objectives for the protection of cool and cold water species or CCME guidelines for cold water 

aquatic life in this area (Map 2-9 and Map 2-10). This occurrence is not unexpected due to the presence 

of long periods of ice cover and lower flow in the off-current north arm of the lake.  

Concentrations of DO are also somewhat lower in backbays in the north arm of Stephens Lake in 

summer, relative to ‗offshore‘ areas and the mainstem in the south. Surveys conducted in August 2005 

and 2006 in the vicinity of O‘Neil Bay and two sites in the southwestern area of the lake indicate that 

while DO concentrations at the surface were all above MWQSOGs and CCME guidelines for the PAL, 

concentrations increased along a gradient emanating from nearshore out into the lake (Figure 2H-23). 

The offshore site (Site 15, Figure 2H-23) contained similar DO concentrations as the southern sites 

indicating these conditions are likely restricted to isolated backbay areas, notably in areas of organic 

substrate. 
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Data collected with DO loggers in summer 2008 indicated that DO generally remains high and above 

MWQSOGs for the PAL at the surface in backbays in the north arm of Stephens Lake. However, 

significant DO depletion may occur at depth during periods of atypically low wind (Figure 2H-24 and 

Figure 2H-25). Under these atypically low wind speeds temporary thermal stratification may also develop 

which prevents mixing of the surface and bottom waters (Appendix 2H, Figure 2H-24). When wind 

speed increased over the period of measurement, DO concentrations were similar at the surface and 

bottom of the water column indicating that this depletion (and stratification) is relatively atypical and 

transient. DO concentrations varied by 1 mg/L or less at the surface of the water column over a 24-hour 

period (Figure 2H-26); temperature similarly varied over a 24-hour period. DO and temperature were 

generally lowest at approximately 6:00 am. 

2.4.2.5.2 Turbidity/ Total Suspended Solids/Water Clarity/Colour 

Turbidity is higher along the southern portion of Stephens Lake than the northern arm, but is generally 

similar to conditions observed upstream and downstream on the mainstem of the Nelson River 

(Figure 2-5). TSS is also higher in the southern area of the lake, relative to the north arm (Figure 2-7; PE 

SV, Section 7.3.1.2.1). However, TSS (Figure 2-7) and turbidity (Figure 2-5) decrease along the main flow 

of the Nelson River in Stephens Lake. This spatial trend was also observed under the sedimentation 

studies (PE SV, Section 7.3.1.2.1). 

Secchi disk depths are less than 1 m in the south end of the lake but water clarity is higher in the north 

basin, where turbidity and TSS are lower than in the south (Figure 2-5 and Figure 2-7). Backbay areas are 

also generally less turbid and have lower TSS concentrations (Figure 2H-27 and Figure 2H-28) than off-

shore areas on the north arm of Stephens Lake and the southern portion of the lake. Additionally, the 

depth of the euphotic zone was higher in O‘Neil Bay than sites located on the southern mainstem of 

Stephens Lake in August 2005 and 2006 despite the generally higher concentrations of OC in the backbay 

(Figure 2H-29). 

True colour is similar on the main flow of the Nelson River in Stephens Lake to levels observed 

upstream and downstream of the lake and levels are at or slightly above the Manitoba and CCME 

aesthetic drinking water quality guideline of 15 TCU (Table 2-2). True colour is relatively similar in the 

offshore area in the north arm of Stephens Lake to the southern, mainstem area of the lake 

(Figure 2H-30). True colour may be somewhat elevated in backbays, most notably in the nearshore areas. 

Based on data collected under the water quality component of the Keeyask environmental studies (2001–

2004), TSS and turbidity are significantly correlated for the study area as a whole (Figure 2H-22). Secchi 

disk depth is also significantly correlated to both TSS and turbidity, weakly correlated to TOC, and not 

correlated to true colour (Figure 2H-31 to Figure 2H-33) for the study area as a whole.  

2.4.2.5.3 pH/Alkalinity 

The pH of surface waters in Stephens Lake is alkaline, generally ranging just above 8, and within 

MWQSOGs and CCME guidelines for the protection of aquatic life (6.5–9; Figure 2-4). Alkalinity is 

moderate in this area as it is elsewhere along the main stem, and is largely owing to the bicarbonate ion. 

pH is somewhat lower in the area in winter, as it is elsewhere along the mainstem of the Nelson River 

(Figure 2H-16). On the basis of alkalinity and pH, the south end of Stephens Lake would be considered 
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―least sensitive‖ to acidification; conversely, on the basis of calcium concentration and TDS, waters in 

this area would be considered to have low to moderate acid sensitivity (Saffran and Trew 1996). On the 

basis of pH, the north arm of Stephens Lake would also be classified as ―least sensitive‖ to acidification. 

pH is somewhat lower in backbay areas relative to offshore in the north arm of Stephens Lake, likely a 

reflection of the effects of the local drainages (Figure 2H-34). 

2.4.2.5.4 Hardness 

Surface water in Stephens Lake is ‗moderately soft‘ (hardness 61–120 mg/L; Table 2-2), as observed 

upstream and downstream on the lower Nelson River.  

2.4.2.5.5 Conductivity/Total Dissolved Solids 

Specific conductance in the southern area of Stephens Lake is similar to conditions observed at other 

locations on the mainstem of the Nelson River, but is higher in the north arm of the lake (Figure 2-6; 

Appendix 2H). As observed elsewhere in the study area, specific conductance is somewhat higher in the 

ice-cover season (Figure 2H-18). Specific conductance was lower in O‘Neil Bay in August 2005 and 2006 

relative to offshore sites and the mainstem (Figure 2H-35).  

2.4.2.5.6 Nutrients and Trophic Status 

Concentrations of phosphorus and nitrogen are relatively high in Stephens Lake, as they are in the lower 

Nelson River system in general (Table 2-5, Figures 2-1 and 2-2). TP is generally above the MWQSOG for 

lakes, reservoirs, and ponds (0.025 mg/L) in the southern portion of the lake, along the main flow of the 

Nelson River, but is below the guideline in the main basin of the north arm of the lake (Table 2-5). Along 

the mainstem of the river, mean TP concentrations were lower at the southeastern site (STL2) than 

upstream (STL1); as TP is correlated to TSS (Figure 2H-8), and TSS decreases between these sites, this 

likely reflects settling of particulate phosphorus.  

Similarly, TKN was lower in the north arm of the lake in the open water season of 2004, reflecting 

generally lower concentrations of nutrients off the main flow of the Nelson River. TKN concentrations 

may be higher in backbay areas near local inflows (Figure 2H-37).  

On the basis of TP concentrations, the south end of Stephens Lake would be classified as meso-

eutrophic (southeast) to eutrophic (southwest), as observed for upstream lakes (Table 2-5). Conversely, 

the north arm of Stephens Lake would be classified as mesotrophic on the basis of TP concentrations 

measured offshore in 2004 (Table 2-5).  

2.4.2.5.7 Organic Carbon 

Concentrations of DOC and TOC are effectively equivalent across the study area and both are similar 

between the offshore area of the north arm of the lake and the southern mainstem (TOC means ranging 

from 8–9 mg/L; Figure 2-9). However, higher DOC concentrations have been observed in flooded 

backbays in the north arm of Stephens Lake (Figure 2H-38). 
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2.4.2.6 Downstream Area 

The downstream area includes the Nelson River proper from the outlet of Stephens Lake to Gillam 

Island, as well as large (Angling, Weir, and Limestone rivers) and small tributaries (Map 2-11). The 

following provides an overview of the results of the water quality sampling programs for mainstem, 

major tributary and small tributary sites separately. 

2.4.2.6.1 Mainstem Sites 

Dissolved Oxygen 

The lower Nelson River is well-oxygenated in the open water and ice-cover seasons (Figure 2-3; Table 

2H-5), as it is upstream along the mainstem of the river. DO was within the MWQSOGs for the 

protection of cool and cold water aquatic life and CCME guidelines for cold water aquatic life at all sites 

and times in the river. There was no evidence of DO depletion in the Limestone reservoir at depth when 

sampled in September 2004. DO was also high across depth in the Long Spruce and Limestone 

reservoirs in winter 2006 and there was no evidence of thermal stratification. 

Turbidity/TSS/Water Clarity/Colour  

In general, the mainstem of the lower Nelson River is relatively turbid (Bodaly et al. 1984a) but spatial 

differences are observed from the Kettle GS to the estuary (Figure 2-5). TSS concentrations decrease in 

Stephens Lake, as discussed the PE SV, Section 7.3.1.2.1). Downstream of the Kettle GS, there is a 

further slight decline in the Long Spruce and Limestone reservoirs but both parameters increase as the 

river approaches the estuary (Figure 2-5 and Figure 2-7). However, overall, mean TSS concentrations 

remained within a relatively small range in this area over the period of study (2001–2004). Levels of true 

colour are similar to upstream values and exceed the Manitoba and CCME aesthetic objectives for 

drinking water (Table 2-2). 

pH/Alkalinity 

The pH and alkalinity of surface waters in the downstream reach of the Nelson River are similar to 

upstream. pH is typically above 8 (Figure 2-4) and within MWQSOGs and CCME guidelines for the PAL 

(6.5–9).  

Hardness 

Surface water in the downstream reach of the Nelson River is ―moderately soft‖ (hardness  

61–120 mg/L), as observed upstream on the main flow of the Nelson River (Table 2-2).  

Conductivity/TDS 

Specific conductance (Figure 2-6) and TDS in the lower Nelson River are similar to upstream sites on the 

mainstem (Table 2-2). Specific conductance was slightly higher in winter than the open water season in 

the two reservoirs, as observed elsewhere in the study area (Figure 2H-18). 
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Nutrients and Trophic Status 

Concentrations of phosphorus (Figure 2-1) and nitrogen (Figure 2-2) are relatively high in the 

downstream area, as they are in the Nelson River in general. However, during some sampling periods, TP 

concentrations were notably lower in this area relative to sites upstream on the mainstem (Figure 2-1). 

Overall, mean concentrations of TP for the open water season are slightly lower than sites in the Split 

Lake and Keeyask areas (Table 2-5 and Figure 2-1). TP followed a similar spatial pattern as TSS, with 

decreases observed from Stephens Lake to a site located downstream of the Limestone River (site NR 6), 

where concentrations again increased. As previously indicated, TP is correlated to TSS which may explain 

the similar spatial patterns. 

Mean TP is below the MWQSOG narrative guideline for streams and rivers (0.05 mg/L) at sites located 

downstream of the Limestone GS but is above the guideline for lakes reservoirs and ponds (0.025 mg/L) 

in the reservoirs of the Limestone and Long Spruce GSs. On one occasion (October 2002) TP was above 

the guideline of 0.05 mg/L at one of the river sites (site NR7 near Deer Island). 

Using the CCME TP trophic classifications scheme, with one exception, sites on the lower Nelson River 

are meso-eutrophic (Table 2-5). The mean TP concentration for the site located near Deer Island (site 

NR7) for the open water season is slightly higher than other sites and yields a trophic categorization of 

eutrophic, although the concentration is within the lower end of the range defining this category. 

Generally, TP concentrations in this area are near the border between meso-eutrophic and eutrophic and 

are relatively similar. 

Organic Carbon 

DOC and TOC are very similar and consistent with measurements collected along the mainstem of the 

Nelson River upstream (Figure 2-9). Like other areas, means of TOC ranged between 8 and 9 mg/L 

along the lower Nelson River (Table 2-2). 

2.4.2.6.2 Major Tributaries 

As indicated above, three major tributaries (the Limestone, Angling, and Weir rivers) within the 

downstream area were sampled during the open water seasons from 2002–2004. Winter sampling was 

also conducted in the Limestone and Angling rivers in 2003 and 2006. In situ measurements were 

collected from the Weir River in 2003 (the Weir River was inaccessible due to ice conditions in 2006).  

Overall, the water quality of these three rivers is similar (Table 2-2). They are generally well- oxygenated 

(Figure 2-3) and DO exceeded the MWQSOGs for the protection of cool and cold water aquatic life and 

the CCME guidelines for cold water aquatic life in the open water season. In the ice-cover season of 

2003, DO did not meet the Manitoba 7-day average and the instantaneous minimum objectives for cold 

water aquatic life in the Weir and Angling rivers (Table 2H-5). DO was notably low at the Weir River at 

this time (3.44 mg/L) and also did not meet the Manitoba 7-day minimum objective for cool water 

aquatic life or the CCME guidelines for cold water aquatic life (6.5 and 9.5 mg/L). Conversely, DO was 

high in the Angling River in the ice-cover season of 2006 but was slightly below the most stringent 

Manitoba objective and CCME guideline (9.5 mg/L) for the protection of cold water aquatic life in the 

Limestone River at this time. Collectively, these results indicate that the rivers are well-oxygenated in the 
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open water period but may not meet Manitoba water quality objectives or CCME guidelines in some 

winters. 

The Limestone, Angling, and Weir rivers are generally less turbid (Figure 2-5) and contain lower 

concentrations of TSS (Figure 2-7) than the Nelson River. The pH of the three rivers is alkaline (slightly 

greater than 8), is consistently within the MWQSOGs and CCME guidelines for the PAL (6.5–9.0), and is 

similar to the mainstem of the Nelson River (Figure 2-4). Specific conductance is lower in the Weir, and 

most notably, Angling rivers than the Nelson or Limestone rivers (Figure 2-6). As observed at other sites 

in the study area, pH is lower and specific conductance is higher in the ice-cover season relative to the 

open water season (Figure 2H-16 and Figure 2H-18). Nitrogen concentrations in these tributaries are 

similar to mainstem sites (Figure 2-2) while TOC and DOC are higher in the tributaries (Figure 2-9); 

however, phosphorus concentrations are notably lower (Figure 2-1) and consistently below the Manitoba 

narrative guideline for streams and rivers (0.05 mg/L). All three rivers are mesotrophic based on the 

CCME trophic categorizations for TP (Table 2-5). 

2.4.2.6.3 Small Tributaries 

Five small tributaries (Map 2-11) within the downstream area were sampled near the mouths during the 

open water season of 2004 and two were sampled under ice in March 2006 (the remaining streams were 

dry at the sites accessed). A more intensive survey of conditions in a representative small tributary 

(Beaver Creek) was conducted in August 2005 and March 2006, evaluating conditions at several sites 

along the stream. 

Overall, the water quality of the creeks is similar (Table 2-2). They are generally well- oxygenated 

(Figure 2-3) and DO consistently exceeded the MWQSOGs guideline for the protection of cool and cold 

water aquatic life and the CCME guidelines for cold water aquatic life in the open water season of 2004. 

DO was also high, and above Manitoba and CCME PAL objectives/guidelines, near the mouths of 

Beaver and Tiny creeks in winter 2006. However, low DO concentrations (less than 4 mg/L) were 

observed in Beaver Creek upstream of the Conawapa Road in March 2006.  

Turbidity (Figure 2-5) and TSS (Figure 2-7) are low near the creek mouths (i.e., means were below 

5 mg/L TSS) and the pH is neutral to slightly alkaline (Figure 2-4). Turbidity, TSS, pH, TP (Figure 2-1), 

and specific conductance (Figure 2-6) are lower than, TOC and DOC are higher (Figure 2-9) than, and 

concentrations of nitrogen (Figure 2-2) are similar to, the Nelson River. Specific conductance was higher 

in Beaver and Tiny creeks in winter than in the open water period and levels in winter were notably 

higher than mainstem sites sampled in winter 2006. Phosphorus concentrations are low in the small 

tributary streams and consistently well below the MWQSOG guideline for streams (0.05 mg/L). All five 

creeks are oligotrophic based on the CCME TP trophic categorization (Table 2-5). 

2.4.2.7 Access Road Stream Crossings 

Five streams will be crossed by the north and south access roads. The construction of the North Access 

Road was assessed in the Keeyask Infrastructure Project Environmental Assessment Report (KIP EA). 

The current assessment considers the operation of the north access road stream crossings and the 
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construction and operation of the South Access Road. Stream crossing locations are illustrated in 

Figure 1-4. 

2.4.2.7.1 North Access Road Stream Crossings 

The North Access Road crosses two streams: an unnamed tributary of the South Moswakot River and 

Looking Back Creek, which flows in to Stephens Lake. As described in the KIP EA, the unnamed 

tributary will be crossed by a culvert, with rip rap to stabilize the banks on either side. As described in the 

KIP EA, Looking Back Creek will be crossed by a clear span bridge with no effect on aquatic habitat. 

Water quality conditions measured at or near the two stream crossings for the Keeyask north access road 

indicate moderate concentrations of nutrients (mesotrophic to meso-eutrophic conditions based on TP), 

higher concentrations of OC but lower levels of specific conductance than the mainstem of the Nelson 

River, and near-neutral to slightly alkaline pH (Table 2H-6 and Table 2H-7). Stream crossing 2 (on 

Looking Back Creek) is characterized by higher concentrations of phosphorus than other stream 

crossings located along the north or south access roads. The unnamed tributary was also clearer than 

Looking Back Creek (Table 2H-6 and Table 2H-7). 

With one exception (sample collected at Looking Back Creek in July 2004), all concentrations of TP were 

below the Manitoba narrative nutrient guideline for streams (0.05 mg/L; MWS 2011). Ammonia and 

nitrate/nitrite were consistently below the MWQSOGs and CCME guidelines for the protection of 

aquatic life and pH was consistently within the Manitoba and CCME PAL guideline range. 

Dissolved oxygen conditions varied over the sampling periods at both stream crossings. In the open 

water season, DO ranged from 3.6 mg/L, which is below the Manitoba instantaneous minimum 

objective for the protection of early life stages of cool water species and the CCME guidelines for cold 

water aquatic life, to near saturation. Approximately 12.5% and 38% of DO measurements were below 

6.5 mg/L in the open water season (the 30-day MWQSOG and the CCME guideline for mature life 

stages of cold water aquatic life) at or near the stream crossings at Looking Back Creek and the unnamed 

tributary, respectively. DO was also below 9.5 mg/L at the unnamed tributary in March and May 2005. 

Both areas appear to contain little to no water in winter. The stream crossing on the unnamed tributary 

was frozen across depth in winter 2009 and the crossing on Looking Back Creek was frozen across depth 

in winter 2005. In addition, DO concentrations were notably low (1.72 mg/L) at a site approximately 

1 km upstream of the crossing on the unnamed tributary in winter 2005. 

2.4.2.7.2 South Access Road Stream Crossings 

Water quality conditions were generally similar across the three stream crossings for the south access 

road, as well as generally similar to the crossings for the north access road. Specifically, the crossings were 

moderately nutrient-rich, had a near-neutral pH, and contained higher concentrations of OC than the 

mainstem of the Nelson River (Table 2H-6 and Table 2H-7). TSS concentrations were low at stream 

crossing 3 (Gull Rapids Creek) in the open water seasons of 2003 and 2004, and May 2005 whereas TSS 

was higher at stream crossing 5 (Gillrat Lake Creek) in May 2005 (note: this site was only sampled in May 

2005). As observed along the north access road stream crossings, DO varied across sampling periods on 

Gull Rapids Creek (ranging from 2.64–10.3 mg/L) and occasionally did not meet the most stringent 
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Manitoba DO objective and the CCME guideline for aquatic life. Although DO concentrations were 

above 6.5 mg/L (the most stringent MWQSOG and the CCME guideline for mature life stages of cold 

water aquatic life) at stream crossing 4 and 5 in May 2005, it is likely that concentrations do on occasion 

drop below MWQSOGs and/or CCME PAL guidelines in these areas as was observed at other 

tributaries. Other than DO, other water quality variables (i.e., ammonia, pH, nitrate, and total 

phosphorus) were within MWQSOGs and CCME guidelines for the PAL. 

2.4.3 Current Trends/Future Conditions  

For the purposes of the environmental assessment, an evaluation of potential temporal changes in water 

quality within the study area was undertaken to determine if conditions have been undergoing recent 

changes that could in turn affect the impact predictions and/or descriptions of the existing environment 

based on the period of Keeyask environmental studies. This was addressed through several approaches 

and is summarized below. 

2.4.3.1 Statistical Analysis of Water Quality in Split Lake  

With the exception of a MCWS monitoring site on Split Lake, there is no long-term record of water 

quality in the study area that is adequate to facilitate a quantitative analysis of recent temporal trends. As 

indicated in Section 2.3.3.3, MCWS conducts water quality monitoring in Split Lake near the community. 

From 2002 to 2009 monitoring was conducted three times during the open water season; sampling in 

winter was reinitiated in 2010 and sampling frequency varied prior to 2002. These data were obtained 

from MWS (2006) and subjected to statistical analysis to determine if water quality conditions are 

generally stable or have changed substantively over a recent 20-year period. This analysis is described in 

detail in Appendix 2D. The conclusions of this analysis are summarized as follows: 

 Comparison of selected water quality parameters between the last two decades (1987–1996 and 

1997–2006) revealed that several parameters were significantly higher in the latter decade (TP, TSS, 

turbidity, specific conductance, alkalinity, hardness, and true colour), while pH was significantly 

lower. 

 Discharges of the two main tributaries to Split Lake (i.e., the Nelson and the Burntwood rivers) were 

higher in the period of 1997–2006 than the previous decade and discharge of the Nelson River 

increased more than the Burntwood River over the last decade. 

 The observed statistically significant increase in TP and decrease in pH in the latter decade may be 

artefacts of the use of a new analytical laboratory and not an actual change.  

 The observed increase in specific conductance and alkalinity over the last decade may reflect higher 

river discharges, most notably, the greater proportional contribution of the Nelson River – which is 

characterized by a higher specific conductance and alkalinity than the Burntwood River. Linear 

regression analysis indicates a significant influence of the Nelson River discharge on the 

concentrations of these two parameters in Split Lake. 
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 Conversely, regression analysis did not demonstrate a significant correlation between turbidity and 

TSS and the flows of the Burntwood River, Nelson River, or the Burntwood and Nelson rivers 

combined. Additionally, there is good agreement between measurements of these parameters 

collected under the Keeyask baselines studies in Split Lake near the community (2001–2004) at 

similar times as the MWS water quality monitoring, suggesting that inter-laboratory variability was 

not an issue. However, as described in the PE SV, Appendix 7B, while TSS was weakly correlated to 

river discharge over the period of 2005–2007, the relationship is complicated by hysteresis  

(i.e., situation in which the value of one variable [e.g., suspended sediment] depends upon whether the 

other has been increasing or decreasing [e.g., discharge]).  

 The observed increases in true colour and hardness in the most recent decade may be related to 

changes in river flows. However, the analysis is not conclusive, as linear regression analysis could not 

be reliably conducted on the data due to failure to comply with statistical assumptions.  

 Data for major ions in Split Lake are inadequate to facilitate a comparison of concentrations over a 

20-year time frame due to changes in analytical methods; as a result, a shorter time frame was 

analysed (2001–2003 versus 2004–2006). No statistically significant differences between these time 

periods were found for chloride, sulphate, calcium, magnesium, sodium, and potassium.  

 Similar to major ions, data for metals in Split Lake are inadequate to facilitate a comparison of 

concentrations over a 20-year time frame due to changes in analytical methods; as a result, a shorter 

time frame was also evaluated (2001–2003 versus 2004–2006). No statistically significant differences 

between these time periods were found for most metals including iron and aluminum. Significant 

differences in concentrations were found for antimony and silicon. Antimony increased from  

2001–2003 to 2004–2006; however, as it was only present in trace amounts during both time periods, 

these results should be viewed with caution. Silicon was lower during the second time period. 

 From 1987–2006, most parameters fell within the MWQSOGs (MWS 2011). Exceptions included 

total iron and aluminum which were consistently above the MWQSOGs, and TP which was often in 

exceedance of the Manitoba narrative guideline for nutrients (0.025 mg/L) from 1987–2006. 

Additionally, iron and turbidity consistently exceeded the aesthetic objective and maximum 

acceptable concentration for drinking water during this same time period. Lastly, true colour was 

typically above the aesthetic objective for drinking water from 1997–2006, whereas it only 

occasionally exceeded this objective in the previous decade. 

2.4.3.2 Temporal Assessment of Water Quality in Stephens Lake  

Stephens Lake (the Kettle reservoir) was created by the construction of the Kettle GS, completed in 

1970. Due to its proximity to Keeyask and because the creation of the reservoir involved flooding a 

substantive area of peatlands, Stephens Lake is used as a proxy to gain additional insight and reduce 

uncertainties regarding the potential effects of the Keeyask GS on water quality. In general, information 

gathered on Stephens Lake over time provides a good opportunity to gain an understanding of 

anticipated effects of the Keeyask GS on the aquatic environment.  
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Stephens Lake can generally be described as consisting of a southern riverine portion through which the 

main flow of the Nelson River passes, and a northern arm, which is relatively isolated from the Nelson 

River flow. Water quality conditions in the flooded northern arm of the lake are used as a proxy for the 

flooded bays in the Keeyask reservoir and the southern mainstem area of the lake is used as a proxy for 

the mainstem of the Keeyask reservoir. A qualitative assessment of water quality changes over time in 

Stephens Lake was conducted to provide this proxy information for the Keeyask effects assessment as 

well as to describe temporal changes in water quality over time. 

A detailed description of the information sources, sampling methods, data comparability, and results of 

this assessment are provided in Appendix 2E. Briefly, the assessment involved collation of historical 

information for Stephens Lake as well as sites located upstream and downstream of the lake and 

qualitatively evaluating changes over time, as well as spatial differences in water quality conditions. The 

following provides an overview of this assessment. 

Absolute changes in water quality conditions in Stephens Lake over the last several decades are difficult 

to assess for some parameters due to issues associated with varying analytical methods. For this reason, 

absolute changes in DOC, total dissolved nitrogen (TDN), DP, turbidity, and TSS cannot be determined 

over this time period. Conversely, analytical methods applied for chlorophyll a, pH, TN, Secchi disk 

depths, and TP appear to be relatively comparable over time. Evaluations of both the absolute changes in 

these variables over time, as well as relative changes in water quality between the northern and southern 

areas of the lake, provide insight into the likely effects of the Kettle GS on water quality. Key 

observations related to water quality in Stephens Lake are summarized as follows: 

 In general, water quality conditions in the southern mainstem portion of Stephens Lake have been 

relatively similar over the period of monitoring (since the early 1970s), as well as to conditions 

measured concurrently at sites upstream and downstream of the lake. This indicates that water quality 

has been relatively consistent over several decades and, in particular, that creation of the Kettle 

reservoir did not have a dramatic effect on the water quality of the mainstem of the Nelson River.  

 Conversely, water quality conditions in the north arm of Stephens Lake have changed notably since 

the early 1970s, likely reflecting the evolution and stabilization of limnological conditions after 

creation of the reservoir. In general, the available information suggests (noting that pre-project data 

are not available) that nutrients (notably phosphorus) increased and pH and DO decreased as a result 

of the Kettle GS. These effects had largely been eliminated by the 1980s (within approximately 

15 years post-impoundment). 

 There was evidence of some depletion of DO in flooded areas along the southern portion of the 

reservoir in 1972 and in the north arm in 1972 and 1973. This likely reflected the effects of flooding. 

Currently, low DO concentrations have been observed in winter in the north arm indicating effects 

have persisted under ice cover in areas off the main flow of the Nelson River. 

 The most dramatic water quality change observed in Stephens Lake over time was the marked 

reduction in TP and DP in the north arm from the 1970s to the 1980s. Currently concentrations of 

TP are lower in the north arm than in the southern area of the lake.  
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 TN was higher in the north arm of the lake in 1972 and 1973 but by the 1980s had become quite 

similar in the northern and southern areas. In 2004, concentrations were somewhat lower in the 

north arm. It should be noted, however, that due to analytical changes in TDN measurements, TN 

may not be directly comparable over time. 

 Mean chlorophyll a measured in 2004 was lower than in the 1970s and 1980s in the north arm. 

Concentrations were also lower in 2004 in the north arm relative to the southern mainstem.  

 pH was lower in the north arm relative to the southern area of Stephens Lake in 1972 and 1973. In 

1987–1989 and 2004, pH was similar in both areas indicating that pH has since increased in the north 

arm of the lake. 

 DOC was higher in the north arm than in the south in 1972 and 1973 and to a lesser extent during 

some years in the 1980s. In 2004, DOC was quite similar in the north and south areas of Stephens 

Lake. 

 Secchi disk depths in the north arm of the lake appear to have declined since the 1970s. Conversely, 

Secchi disk depths were relatively similar from 1972–2004 in the southern area of Stephens Lake. 

 There are insufficient data to describe changes in turbidity in the north arm over time, relative to 

southern sites. Conversely, although TSS concentrations cannot be compared over time due to use of 

different analytical methods, TSS has been lower in the north arm than the southern area of Stephens 

Lake since 1972. 

 True colour appears to have increased in the southern area of Stephens Lake between the 1980s and 

2001–2004.  

Using TP as the indicator, the trophic status of the north arm of Stephens Lake has changed over time. 

This area was eutrophic in 1972 and 1973 but shifted to mesotrophic status by the 1980s. Data collected 

in 2004 indicate that TP in the north arm is very similar to concentrations observed in the 1980s. Effects 

of construction of the Kettle GS on primary production (as chlorophyll a) are less clear; although 

currently chlorophyll a is lower in the north arm relative to the south in Stephens Lake, it is not clear how 

phytoplankton was altered by creation of the reservoir in the north arm. Although TP concentrations 

were much higher in the 1970s in the north arm of the lake relative to current conditions and to the 

southern area of the reservoir in the 1970s, chlorophyll a did not follow the same spatio-temporal 

pattern. This may indicate that primary production was not dramatically or at least consistently affected 

by the Kettle GS in the north arm of the lake. Increases in DOC may have limited the availability of 

phosphorus to phytoplankton and/or other factors may have limited phytoplankton growth (e.g., light). 

The trophic status of the southern area of Stephens Lake has varied between meso-eutrophic to 

eutrophic over the last several decades and there is no indication of any progressive trend or change over 

time. This suggests that either the effects of the creation of the Kettle reservoir on the southern 

mainstem area of the lake were very short-lived and not captured within the 1972 and 1973 historical 

studies and/or that the effects were small in the mainstem of the reservoir. 
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Overall, the available water quality data for Stephens Lake indicate that the north arm of the lake was 

more acidic and more nutrient-rich (with higher concentrations of DP, TP, TN, and DOC) in the early 

1970s relative to more recent years and/or in relation to measurements collected concurrently in the 

southern area of the lake. This observation is consistent with evolution of limnological conditions in the 

flooded, isolated area of the lake since the Kettle GS was constructed. Although pre-project data area not 

available, the temporal changes indicated by the available water quality data, together with scientific 

knowledge of the temporal changes in water quality following reservoir creation, suggest that the lake 

experienced an increase in nutrients and a reduction in pH following flooding. Further, the data imply 

that these effects have either stabilized to pre-project conditions or have in fact departed beyond the pre-

project conditions. Some reservoirs may experience nutrient increases in initial years, followed by 

reductions to concentrations lower than pre-project conditions (e.g., Stockner et al. 2000). Regardless, the 

available information indicates that conditions have notably changed since the 1970s and that the north 

arm is now considerably more nutrient-poor than the southern mainstem of the lake or the lower Nelson 

River in general. Collectively, the data indicate that the effects of reservoir creation, most notably 

flooding, stabilized within approximately 15–20 years post-flood. 

In terms of ecological context, water quality conditions in the north arm of Stephens Lake currently 

resemble those of nearby Assean Lake, whereas water quality of the southern area of the lake resembles 

the mainstem of the Nelson River. 

2.4.3.3 Published Scientific Literature 

Jones and Armstrong (2001) conducted a trend analysis for TP and TN at MCWS water quality 

monitoring sites across Manitoba to determine if either nutrient was significantly increasing or decreasing 

over the long-term. The analysis indicated no significant trend for flow-adjusted TN concentrations and a 

significant decreasing trend for flow-adjusted TP concentrations in the Nelson River near Norway House 

over the period of 1975–1999. The median TP concentration at this site decreased by 20.6% from 1975 

to 1999. Similarly, flow-adjusted TP and TN concentrations followed a significant decreasing trend in the 

Burntwood River at Thompson for the period of 1975–1999. In this instance, the median TP and TN 

concentrations decreased by 43.8% and 24.1%, respectively. 

Manitoba Conservation generated Water Quality Index (WQI) values using the BC WQI for water quality 

monitoring sites in Manitoba over the period of 1991–1995 (Manitoba Environment 1997). Water quality 

in Split Lake was ranked as ‗fair‘ for the period of 1991–1993 and ―good‖ for 1994 and 1995 

(Figure 2-15). WQI values for Split Lake were very similar to those for the Burntwood River at 

Thompson and somewhat poorer than the Nelson River at Sipiwesk Lake. 

The WQI remained relatively uniform, ranging between the boundaries of ―fair‖ and ―good‖, over this 

five-year interval for water flowing from Southern Indian Lake (SIL) to Split Lake, indicating that water 

quality was not changing substantively in space or time (Manitoba Environment 1997). WQI values were 

more variable between years for sites on the upper Nelson River, which was believed to reflect 

interannual variations in flow. 
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2.4.3.4 Water Quality Trends: Synthesis 

There is an indication that some water quality variables (true colour, hardness, specific conductance, and 

alkalinity) have increased in the study area (based on analysis of data collected in Split Lake) between the 

two periods analysed (1987–1996 vs. 1997–2006) as a result of differences in flows — in particular, the 

relative contribution of the Burntwood and Nelson rivers to overall discharge. Additionally, there is some 

indication that several parameters may have changed over the last 20 years in the study area (e.g., TSS and 

turbidity increased) independent of changes in flows.  

A 30-year trend analysis of nutrients in the Burntwood and Nelson rivers indicates that TP and TN are 

either decreasing in concentration or unchanged, although reasons for these trends are unknown. 

However, it should be noted that the trend analysis was based on a long period of record and may not 

reflect more recent trends in nutrients.  

Information gathered for an assessment of temporal water quality changes in Stephens Lake indicates 

that water quality along the mainstem of the Nelson River and in southern Stephens Lake has generally 

remained consistent over the last several decades. The flooded, north arm of the lake experienced large 

changes in water quality following impoundment but conditions appear to have been relatively stable 

since the 1980s. 

Overall, the trend analysis information indicates that water quality may vary in the study area in the future 

in relation to discharges, in particular the relative contribution of the Nelson River versus the Burntwood 

River to discharge, and that TSS and turbidity may be increasing over time - at least in Split Lake. 

However, the reasons for these observed increases are not known, making predictions of future 

conditions difficult. Water quality has been generally stable along the mainstem of the Nelson River in 

the Keeyask and Stephens Lake areas over the last several decades and conditions appear to have been 

stable in the north arm of Stephens Lake since the 1980s. Most notably, the occurrence of Manitoba 

water quality PAL guideline exceedances has been consistent over the last 20 years, indicating that water 

quality has not notably changed in terms of its suitability to support aquatic life. Based on this 

information, water quality conditions have been generally stable over the last several decades in the study 

area, although year-to-year changes may occur in relation to changes in river discharges. 

2.5 WATER QUALITY: PROJECT EFFECTS, 

MITIGATION, AND MONITORING 

Assessment of effects on water quality during construction and operation are described below 

sequentially; for the purposes of the effects assessment, the operation period is defined as beginning with 

full impoundment (2019), although there will be ongoing construction activities after the first unit is 

brought into service. Therefore, long-term effects due to flooding are described under operation and 

effects of actual construction activities are described under construction, even where they will occur after 

impoundment. However, as discussed in the PE SV, where there is an additive effect (e.g., sediment 

inputs from erosion of riverbanks due to increased water levels in combination with sediment inputs 

from cofferdam construction and removal), these are considered together in the construction section.  
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2.5.1 Construction Period 

Major pathways and linkages relating construction activities and potential effects to water quality are 

presented in Table 2-11. Construction-related pathways considered and described in the following 

sections in relation to water quality are: 

 Construction of instream structures, including placement and removal of cofferdams, excavated 

materials disposal, barge landings, water intakes, etc.; 

 Runoff from the access roads, camp site, work areas and other cleared lands (e.g., borrow sites), 

including potential inputs via groundwater; 

 Discharge of treated sewage effluent; 

 Blasting; 

 Leachate from rock stockpiles and structures containing rock exposed to surface waters/drainage 

(e.g., dam); 

 Discharge of wastewaters from processing of aggregate materials and concrete batch plant, 

dewatering of cofferdams, water treatment plant filter backwash, dewatering of excavation areas, etc.; 

 Construction of the south access road; and 

 Accidental spills/releases. 

There are no linkages between Project construction and potential effects to water quality in Split, Assean, 

or Clark lakes. The following sub-sections present the assessment of potential effects of construction 

activities on water quality in the Keeyask area and downstream. A summary of effects of construction on 

water quality is presented in Table 2-12.    

2.5.1.1 Total Suspended Solids, Turbidity, and Water Clarity 

There are numerous construction-related activities with the potential to affect concentrations of TSS and 

related variables (i.e., turbidity and water clarity). Effects described below are focussed upon changes in 

water quality and potential effects on the protection of aquatic life. Effects of construction activities on 

drinking water related to water clarity/TSS/turbidity are not discussed for each linkage described below, 

as the MWQSOGs and CCME guidelines for drinking water indicate a near absence of turbidity (i.e., 

0.3/1.0/0.1 NTU, dependent upon water treatment method) and are intended to be applied to treated 

drinking water. Turbidity is currently well above these guidelines and the exceedances described below 

will increase with Project construction. Similarly, recreational water quality guidelines relating to water 

clarity may be exceeded during Project construction, in association with Project-related increases in TSS 

and are not discussed in detail below. 

2.5.1.1.1 Excavated Materials Disposal  

Some excavated materials will be placed in-the-dry in areas that will be inundated by the Project. The 

selection of locations for excavated materials placement areas considered effects to the aquatic 
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environment, and potential locations are presented in the PD SV and Appendix 1A of this document. 

Excavated materials placement areas that contain fine materials that could become suspended will be 

capped with appropriate materials to prevent introduction of solids (i.e., TSS) to surface waters (Keeyask 

GS Environmental Protection Plan [EnvPP]). Therefore, no effects of this construction activity on water 

quality are expected. 

2.5.1.1.2 Cofferdam Placement and Removal 

Placement and removal of cofferdams during Stage I and Stage II Diversions have the potential to 

increase TSS in the Nelson River. The effects of cofferdam placement and removal and concurrent 

effects related to water diversion and management on TSS in the Nelson River were predicted through 

modelling exercises and were based on a conservative approach; the methods and results of these 

modelling exercises are presented in detail in the PE SV, Section 7.4.1. Predicted increases in TSS refer to 

the fully mixed condition, approximately 1 km downstream of Gull Rapids, for these activities combined 

and an assessment of these predicted effects on TSS in terms of water quality are described below. A 

number of sediment and erosion control measures will be undertaken to minimize effects of placement 

and removal of cofferdams on TSS, as described in the Keeyask GS EnvPP, including: 

 Stage I cofferdams will be generally located in areas of the channels with lower velocities; 

 Construction designed to prevent erosion due to wave action; 

 Construction designed to minimize scour of cofferdams and shorelines due to high flows and 

velocities; 

 Impervious fill will be placed in tranquil water and excavation in the wet will be conducted in tranquil 

waters, as much as possible; 

 If possible, spillway operation will be modified to decrease flows in the vicinity of the work to allow 

working in-the-dry; 

 Different construction techniques will be considered in the event that sediment suspension is noted 

during rock placement; 

 Accumulated sediment and excavated materials will be removed to the furthest extent possible from 

within the dewatered area before removing a cofferdam; 

 Cofferdam material will be removed once it is no longer needed in-the-dry as much as reasonably 

practical; 

 The inner rockfill groin of cofferdams will be removed as much as possible using the outer rock 

groin for protection from the bulk of flow, which will minimize mobilization of fine material into the 

river; 

 Placement of materials will be controlled by monitoring downstream TSS;  

 Activities will be timed to avoid sensitive life stages of fish to the extent possible; and 

 Cofferdams will be removed in stages to minimize sediment inputs. 
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2.5.1.1.3 Impoundment and Diversion during River Management  

The PE SV indicates that cofferdam/groin placement, in combination with impoundment and diversion 

during river management, during the Stage I Diversion will generally result in increases in TSS of less 

than 5 mg/L above background in the fully mixed lower Nelson River, approximately 1 km downstream 

of Gull Rapids (PE SV Section 7.4.1.1). These increases are within the long-term MWQSOG and CCME 

guideline for the PAL (i.e., increases of less than or equal to 5 mg/L above background). The 

MWQSOG/CCME PAL guideline will be slightly exceeded for approximately six days (maximum 

predicted increase of 7 mg/L) during placement of the Spillway and Central Dam cofferdams in July 

2015. 

Placement and removal of cofferdams/groins during Stage II Diversion will occur over three years (2017, 

2018, and 2019) during the open water seasons. Most of these activities are predicted to result in 

increases in TSS of less than 5 mg/L above background, which would be within the MWQSOGs and 

CCME guidelines for the protection of aquatic life. The exceptions include placement of the South Dam 

Rock Fill Groin, which is predicted to result in TSS increases of up to 15 mg/L above background, with 

increases of greater than 5 mg/L for a period of approximately 10 days in early September 2017. An 

increase in TSS of 7 mg/L for a period one month is also predicted during removal of the Tailrace 

Summer Level Cofferdam in September/October 2019. 

TSS concentrations are predicted to decrease downstream (i.e., downstream of the modelled location, 

1 km downstream of Gull Rapids) by approximately 30% prior to reaching the Kettle GS. The majority 

of this deposition is expected to occur near the entrance to Stephens Lake. TSS would therefore be 

increased by less than 5 mg/L (typically less than 3 mg/L) during the majority of the instream work 

associated with cofferdam/groin placement and removal below the Kettle GS. The exception is the 

maximum predicted increases in TSS, which would occur for the period during the placement of the 

South Dam Rock Fill Groin in September 2017, when increases may range up to approximately 11 mg/L 

above background for several days. No measureable deposition of TSS is anticipated downstream of the 

Kettle GS and these predicted increases in TSS would extend to the estuary. Overall, effects of cofferdam 

placement and removal on TSS downstream of the Kettle GS are expected to be largely within the 

MWQSOGs and CCME guidelines for the PAL over the construction period. 

2.5.1.1.4 Other Instream Construction Activities 

In addition to the major instream construction activities considered above, several activities will be 

constructed in the wet with the potential to affect TSS in the Nelson River, including: construction of the 

water intake for the concrete batch plant; several barge landings; the causeway (i.e., installation of a 

double culvert crossing); and a boat launch upstream and downstream of the GS. Potable water for the 

construction camp will be obtained from groundwater wells and will therefore not involve instream 

construction. Sediment and erosion control measures will be employed, as described in the Keeyask GS 

EnvPP, to minimize effects of these activities on TSS in the river. However, it is assumed that localized 

increases (i.e., in the immediate vicinity of these construction activities) may result in measureable 

increases in TSS; negligible effects are expected in the fully mixed river.  
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2.5.1.1.5 Site Drainage/Runoff 

Effects related to site drainage and runoff on TSS in the lower Nelson River and Stephens Lake would be 

minimized through implementation of sediment and erosion control measures (e.g., maintenance of 

vegetative buffer zones), as outlined in Keeyask GS EnvPP. Stormwater will not be directly released to a 

waterbody unless it has been treated to meet applicable provincial and federal effluent licences, 

authorizations, and permits (Keeyask GS EnvPP). Any sediment-laden water will be directed to 

adequately sized multi-cell settling pond(s) for treatment prior to release to surface waters (Keeyask GS 

EnvPP). With mitigation, this pathway is expected to have a negligible effect on TSS concentrations in 

the lower Nelson River during the construction period.  

2.5.1.1.6 Treated Sewage Effluent 

Treated sewage effluent from the construction camp will be discharged to the lower Nelson River and 

effluent quality will meet or exceed the specifications identified in Manitoba Environment Act Licence 

(Licence No. 2952). Effluent would contain TSS at a concentration not to exceed 25 mg/L. The effects 

of treated sewage effluent on TSS in the lower Nelson River are expected to be negligible in the fully 

mixed condition; small, localized increases in TSS may occur in the river near the effluent outfall.  

2.5.1.1.7 Blasting 

It is anticipated that all blasting activities will be conducted in-the-dry and in accordance with Fisheries 

and Oceans Canada (DFO; formerly known as the Department of Fisheries and Oceans Canada) Blasting 

guidelines (Wright and Hopky 1998; Keeyask GS EnvPP). Blasting residues (i.e., TSS) may be introduced 

to surface waters during initial wetting of areas where blasting is conducted (e.g., powerhouse intake 

channel, spillway approach channel). The effect on TSS in the Nelson River is considered negligible due 

to the high volume of flow in the river.  

2.5.1.1.8 Concrete Batch Plant Effluent and Aggregate Wash Water  

Wastewater effluent, including concrete processing wastewater, will not be directly released to a 

waterbody unless it has been treated to meet applicable provincial and federal effluent licences, 

authorizations and permits (Keeyask GS EnvPP). Wastewaters from concrete processing (i.e., concrete 

batch plant effluent) will be initially discharged to a two-cell settling pond to reduce TSS prior to 

discharge to the lower Nelson River and apply end-of-pipe discharge criterion of less than 25 mg/L for 

TSS (Keeyask GS EnvPP). Aggregate wash water will be directed to sediment ponds for treatment 

(Keeyask GS EnvPP). TSS currently ranges (on average) between 15 and 18 mg/L in the Keeyask area 

and discharge of the concrete batch plant effluent or aggregate wash water is predicted to cause a 

negligible change in TSS in the Nelson River.   

2.5.1.1.9 Cofferdam Dewatering 

Water that is trapped or accumulates behind cofferdams will be discharged to the Nelson River. An end-

of-pipe criterion of 25 mg/L will be applied such that where met, water behind cofferdams will be 

directly released to the Nelson River. Where this target is not met, cofferdam water will be pumped to 

settling ponds and discharged to the Nelson River when the end-of-pipe TSS concentration is less than 
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25 mg/L (PDSV, Keeyask GS EnvPP). Effects on TSS in the Nelson River are expected to be negligible 

in the fully mixed condition; small, localized increases in TSS may occur near these point sources. 

2.5.1.1.10 Water Treatment Plant Backwash 

Potable water will be supplied to the construction camp using a pre-engineered packaged water treatment 

plant that will draw water from groundwater wells. Water treatment plant sludge will be disposed of in a 

landfill and filter backwash wastewater will be discharged to the main channel of the Nelson River. 

Wastewater effluent, including water treatment plant backwash, will not be directly released to a 

waterbody unless it has been treated to meet applicable provincial and federal effluent licences, 

authorizations and permits (Keeyask GS EnvPP); backwash water would not be discharged to the Nelson 

River unless TSS was less than 25 mg/L. (Keeyask GS EnvPP). Due to the high discharge of the 

receiving environment, the effects of backwash wastewater are expected to be negligible in the Nelson 

River as a whole. A highly localized increase in TSS (i.e., in the immediate area receiving the discharge) 

may occur during periods of filter backwashing. 

2.5.1.1.11 Dewatering of Excavation Areas 

Where dewatering of an excavation area is required, the water will be tested and only released to the 

Nelson River if TSS is less than 25 mg/L. If TSS exceeds this value, water will be treated prior to release 

(Keeyask GS EnvPP). 

2.5.1.1.12 Overall Effects to Total Suspended Solids 

The activities with the greatest potential to increase TSS concentrations in the lower Nelson River during 

construction are related to river impoundment and diversion (i.e., river management) and placement and 

removal of cofferdams. Other activities considered above are not expected to cause measurable increases 

in TSS, with the possible exception of localized increases near point sources. 

Overall, predicted effects to TSS concentrations during construction would be dominated by the effects 

related to river diversion and management (i.e., shore erosion) and cofferdam placement and removal. 

Small (less than 5 mg/L) increases, which will be within MWQSOGs/CCME PAL guidelines, are 

expected to occur in the fully mixed lower Nelson River 1 km downstream of Gull Rapids. Slightly higher 

(less than 10 mg/L above the MWQSOGs/CCME PAL guidelines), short-term (days-weeks) increases 

above the MWQSOGs and CCME guidelines for the protection of aquatic life are predicted during three 

construction periods, approximately 1 km downstream of Gull Rapids. These exceedances are expected 

to occur in July 2015, September 2017, and September 2019. TSS concentrations are expected to decrease 

by 30% in Stephens Lake due to deposition, but the remaining TSS will be carried to the estuary. As 

modelling was based on the fully mixed condition in the Nelson River and for a site located 1 km 

downstream of Gull Rapids, it is anticipated that higher concentrations of TSS may occur in the vicinity 

of construction activities. 
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2.5.1.2 Dissolved Oxygen 

2.5.1.2.1 Impoundment and Diversion during River Management 

As discussed at the beginning of Section 2.5, flooding will begin during construction but the effects of 

reservoir impoundment are discussed in Section 2.5.2.2 below. 

2.5.1.2.2 Treated Sewage Effluent 

Treated sewage effluent from the construction camp will be discharged to the lower Nelson River and 

effluent quality will meet or exceed the specifications identified in Manitoba Environment Act Licence 

(Licence No. 2952). Effluent would contain CBOD5 (carbonaceous biochemical oxygen demand of a 

sample incubated at 20°C for five days) at a concentration not to exceed 25 mg/L. The effects of treated 

sewage effluent on DO in the lower Nelson River are expected to be negligible due to high river 

discharge, effluent treatment, and high background concentrations of DO.  

2.5.1.2.3 Effects on the Ice Regime 

The PE SV (Section 4) indicates that ice cover is expected to bridge upstream of Gull Rapids earlier 

during the winters of Stage I and Stage II Diversion. Under low (1:20 year low winter flows) and high 

(1:20 year high winter flows) flow conditions, ice bridging will be initiated approximately 3–4 weeks and 

6–8 weeks earlier than under current conditions, respectively (PE SV, Section 4.4.1.) Conceptually, 

extending the duration of ice cover in freshwater ecosystems can increase the magnitude of DO 

decreases over winter and/or extend the period over which low DO conditions occur. However, as the 

lower Nelson River is well-oxygenated in winter (at or near saturation) and there is no indication of 

progressive depletion of DO concentrations along the length of the river, this is not expected to alter 

concentrations of DO. In addition, as DO concentrations are currently well above the MWQSOGs and 

CCME guidelines for the PAL, even moderate decreases in DO concentrations (i.e., several mg/L) would 

not result in concentrations below the MWQSOGs or CCME guidelines. 

As described in the PE SV (Section 4.4.1.), the earlier initiation of ice bridging upstream of Gull Rapids 

(i.e., from downstream of Clark Lake to Gull Rapids) may cause upstream water levels to increase by  

0.5–1.5 m during Stage I and Stage II Diversion in the event of a construction design flood (1:20 year 

high winter flow condition). This occurrence may lead to DO depletion related to decomposition of 

flooded organic materials similar to that which would occur in the initial period post-impoundment. A 

detailed assessment of post-impoundment effects is provided in the PE SV, Section 9.4 and in 

Section 2.5.2.2 below as a component of the operation impact assessment.   

2.5.1.3 Nutrients 

2.5.1.3.1 Cofferdam Placement and Removal and Impoundment and 

Diversion during River Management 

Nutrient concentrations in the lower Nelson River may be affected by impoundment and river diversion 

during the construction period. Effects due to reservoir impoundment are discussed in detail in the 

assessment of operation-related effects in Section 2.5.2.2 below. 
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Increases in TSS in the Lower Nelson River due to cofferdam/groin placement and removal and water 

diversion may increase concentrations of TP and TN. The magnitude of these increases would depend 

on the concentrations of these nutrients in the particulate materials released during these activities. 

However, given the relatively low increases in TSS predicted during the construction period, effects on 

nutrients associated are expected to be small. Effects would be greatest in July 2015, September 2017, 

and September 2019 when TSS is predicted to be greatest. 

2.5.1.3.2 Site Drainage/Runoff 

As described in Section 2.5.1.1, and detailed in the Keeyask GS EnvPP, stormwater will not be directly 

released to a waterbody unless it has been treated to meet applicable provincial and federal effluent 

licences, authorizations and permits (Keeyask GS EnvPP). Any sediment-laden water will be directed to 

adequately sized multi-cell settling pond(s) for treatment prior to release to surface waters, and various 

sediment and erosion control measures will be employed throughout construction to minimize release of 

sediments to surface waters (Keeyask GS EnvPP). These measures will also minimize release of nutrients 

to surface waters and the effects on the Nelson River are considered to be negligible. In addition, use of 

detergents or solvents containing phosphates for cleaning equipment and vehicles will not be permitted 

(Keeyask GS EnvPP). 

2.5.1.3.3 Treated Sewage Effluent 

Treated sewage effluent from the construction camp will be discharged to the lower Nelson River. 

Effluent quality will meet or exceed the specifications identified in Manitoba Environment Act Licence 

(Licence No. 2952) and TP will not exceed 1 mg/L at the end-of-pipe. Effluent would contain unionized 

ammonia at a concentration not to exceed 1.25 mg/L (at a temperature of 15°C±1°C). The effects of 

treated sewage effluent on nutrients in the lower Nelson River are expected to be negligible due to high 

river discharge and effluent treatment; small, localized effects may occur in the immediate vicinity of the 

outfall prior to full mixing. 

2.5.1.3.4 Blasting 

It is anticipated that all blasting activities will be conducted in-the-dry and in accordance with DFO 

Blasting guidelines (Wright and Hopky 1998), and therefore, ammonium nitrate fuel oils (ANFOs) will 

not be used in or near watercourses/waterbodies. ANFO use will be restricted to areas that will not be 

subject to contact with surface waters (i.e., powerhouse and spillway structures) to avoid introduction of 

nitrogenous blasting residues to the aquatic environment. Therefore, blasting conducted during the 

construction period is not expected to affect ammonia/nitrate in the lower Nelson River. 

2.5.1.4 pH and Alkalinity 

2.5.1.4.1 Impoundment and Diversion During River Management 

As water levels will be increased during construction staging, prior to being increased to full supply level 

in 2019, effects related to decomposition of flooded terrestrial habitat on water quality will begin during 

the construction period. pH may decrease in flooded areas, particularly in isolated areas with long water 

residence times but the effects are expected to be negligible to small and similar to conditions that would 
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occur naturally under high water levels. See Section 2.5.2.2.4 for a detailed description of the effects of 

reservoir impoundment on pH. 

2.5.1.4.2 Treated Sewage Effluent 

Treated sewage effluent from the construction camp will be discharged to the lower Nelson River and 

effluent quality will meet or exceed the specifications identified in Manitoba Environment Act Licence 

(Licence No. 2952). The effects of treated sewage effluent on pH in the lower Nelson River are expected 

to be negligible in the fully mixed condition due to the high discharge of the Nelson River; small localized 

effects may occur in the immediate receiving environment.  

2.5.1.4.3 Acid Leachate Generation 

The potential for rock used to construct the Project (e.g., dykes/cofferdams/main dam) and placed in 

disposal areas to generate acid leachate, which could subsequently enter the local surface water 

environment, was assessed through several testing procedures, as discussed in the PE SV, Section 5.4.1.1. 

With respect to the quarry rock, the assessment concluded that the risk of acidic drainage is low. Analysis 

of granular material indicated that aluminum, copper, chromium, cadmium, and iron are metals of 

concern. However, as discussed in Section 5.4.1.1, it is not expected that the use of these materials will 

pose an environmental concern, although runoff and/or seepage quality may need to be assessed to 

ensure proper dilutions of the identified metals in the receiving environment. 

Based on the results of this testing, no effects on water quality are predicted. Therefore, this linkage is not 

discussed in subsequent sections. 

2.5.1.4.4 Concrete Batch Plant Effluent and Concrete Structures 

Wastewaters from concrete processing (i.e., wash water for the concrete aggregate and batch plant) may 

be alkaline and therefore may increase pH in receiving waters. This potential effect will be mitigated 

through implementation of appropriate effluent treatment methods if required to maintain pH below 9 

(and therefore within MWQSOGs and CCME guidelines for the protection of aquatic life) prior to 

release to the lower Nelson River. Wastewater effluent, including concrete processing wastewater, will 

not be directly released to a waterbody unless it has been treated to meet applicable provincial and federal 

effluent licences, authorizations and permits (Keeyask GS EnvPP). Liquid concrete will not be allowed to 

enter a watercourse, and storage, mixing and placing of concrete and grouting structures will be 

undertaken in the contractor work area or within the cofferdam, or at least 100 m from the Nelson River 

or tributary streams (Keeyask GS EnvPP). With mitigation, these activities are not expected to cause a 

measurable change in pH in the Nelson River due to the high river discharge and the existing buffering 

capacity of the river. Therefore, negligible effects on pH are expected. 

2.5.1.5 Bacteria and Parasites 

2.5.1.5.1 Treated Sewage Effluent 

Treated sewage effluent from the construction camp will be discharged to the lower Nelson River and 

effluent quality will meet or exceed the specifications identified in Manitoba Environment Act Licence 

(Licence No. 2952). Effluent would contain total coliform bacteria and fecal coliform bacteria at 
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concentrations not to exceed 1500 and 200 MPN/100 mL, respectively. The effects of treated sewage 

effluent on coliform bacteria in the lower Nelson River are expected to be negligible due to high river 

discharge and effluent treatment.  

2.5.1.6 Metals and Contaminants  

2.5.1.6.1 Cofferdam Placement and Removal and Impoundment and 

Diversion During River Management 

Metals will be introduced into the aquatic environment in association with construction activities that 

release sediments, as discussed above. Given the relatively small predicted increases in TSS during 

construction, effects on metals are expected to be negligible to small. Effects would be greatest in July 

2015, September 2017, and September 2019 when TSS is predicted to be highest. 

2.5.1.6.2 Site Runoff/Drainage 

Site runoff and drainage, including water used for machinery, equipment and vehicle washing, may 

contain elevated levels of metals and other contaminants (e.g., hydrocarbons) associated with use of heavy 

equipment and vehicles. Measures will be implemented to mitigate effects of site construction activities 

on the introduction of sediment to the lower Nelson River through implementation of a various 

sediment and erosion control measures as described in the Keeyask GS EnvPP. Water used for cleaning 

of vehicles, equipment, and machinery at site will be contained and treated prior to release (Keeyask GS 

EnvPP). Wastewater effluent, including stormwater, will not be directly released to a waterbody unless it 

has been treated to meet applicable provincial and federal effluent licences, authorizations, and permits 

(Keeyask GS EnvPP). These mitigation measures will minimize both the introduction of sediment and 

associated metals and hydrocarbons to surface waters.  

2.5.1.6.3 Cofferdam Seepage 

During construction, water with elevated levels of contaminants may accumulate within the cofferdams 

due to runoff and seepage in conjunction with the use of heavy equipment. The PD SV indicates that 

seepage waters that collect behind cofferdams may be routed to the settling ponds receiving concrete 

batch plant effluent to reduce TSS. This water will also be tested and treated, if required, prior to 

discharge to the Nelson River. 

2.5.1.6.4 Water Treatment Plant Backwash 

Potable water will be supplied to the construction camp using a pre-engineered packaged water treatment 

plant that will draw water from groundwater wells. Water treatment plant sludge will be disposed of in a 

landfill and filter backwash wastewater will be discharged to the main channel of the Nelson River. 

Backwash wastewater may contain higher concentrations of some metals than the Nelson River but due 

to the high discharge of the receiving environment, the effects of this discharge are expected to be 

negligible in the Nelson River as a whole. Wastewater effluent, including water treatment plant backwash, 

will not be directly released to a waterbody unless it has been treated to meet applicable provincial and 

federal effluent licences, authorizations and permits (Keeyask GS EnvPP). A highly localized increase in 
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some metals (i.e., in the immediate area receiving the discharge) may occur during periods of filter 

backwashing.  

2.5.1.6.5 Accidental Spills/Releases 

The presence and levels of hydrocarbons in the local surface water environment could potentially be 

affected by accidental spills or releases of substances containing hydrocarbons (e.g., fossil fuels) or other 

contaminants.     

The release of significant quantities of hazardous substances to the aquatic environment as a result of 

accidental spills and releases is considered unlikely due to the development and implementation of good 

management practices, including: 

 Handling and storage of materials in accordance with established policies and regulations; 

 Transportation of dangerous goods as required by legislation/regulation; and 

 Having spill response programs and equipment in place to address spillage or oils or other 

contaminants. 

As discussed in the Physical Environment SV Section 8.4.1, due to the shallow nature of the groundwater 

in most areas, there is a risk of groundwater contamination from an accidental event such as a fuel spill. 

Contaminated groundwater could eventually flow into surface waters. However, this effect will be 

mitigated through measures such as the siting of refuelling areas. A Project-Specific Emergency Response 

Plan including prevention and planning and response for hazardous material spills by the contractor, as 

described in the Keeyask GS EnvPP. Various environmental protection measures for the management of 

hazardous materials and petroleum products will be applied, as described in the Keeyask GS EnvPP. 

2.5.1.7 Assessment of Construction-Related Effects: South Access Road 

Construction of the south access road will involve installation of three culverts as well as clearing the 

road right-of-way (Map 1-4). The principal impact to water quality related to these activities is the input 

of sediments into natural watercourses. These potential effects would be mitigated through procedures 

described in the ―Manitoba Stream Crossing Guidelines for Protection of Fish and Fish Habitat‖ (DFO 

and Manitoba Natural Resources 1996) and through measures described in the Keeyask South Access 

Road EnvPP, including, but not limited to, the following: 

 A 30 m buffer zone of low vegetation from the ordinary high water mark will be maintained at the 

stream crossings until immediately prior to construction of the crossings; 

 Stream crossings will be constructed in the winter, where possible; 

 Stream crossings will be constructed in-the-dry through isolation of the work area, should 

construction occur when the stream is flowing;  

 A 100 m vegetated buffer will be maintained adjacent to lakes, streams, wetlands, and riparian areas, 

wherever possible; 

 Wherever possible, clearing will be minimized to reduce the exposure of bare ground; 
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 Construction will be designed and executed to prevent the release or settling of any sediment outside 

of construction boundaries; 

 In steeply sloped areas susceptible to erosion, runoff will be directed away from disturbed areas to 

prevent further site degradation; 

 Disturbed areas will be stabilized, vegetated and/or seeded as soon as possible following 

construction; 

 Accumulated sediment will be removed from silt fences, check dams, straw bales, etc. at regular 

intervals to ensure proper function; 

 Erosion and sediment control measures will be maintained until either natural vegetation or 

permanent measures are established to prevent further erosion or sediment loss; 

 Additional measures will be implemented, if required, to protect permafrost areas from extreme 

runoff events during periods of heavy precipitation or melt; 

 Installation of appropriately sized and positioned culverts to pass flows; 

 Drill cuttings, solid waste or any other untreated effluent will not be released where it may enter a 

watercourse/body; 

 Banks where work occurs close to the shoreline will be stabilized so that bank erosion and 

downstream sedimentation is avoided; 

 All spoil piles will be stabilized, including covering spoil piles with biodegradable mats or tarps will 

be maintained until disturbed areas or spoil piles are successfully reclaimed; 

 Sediment laden runoff from roadside ditches or from the approaches to the crossings will be 

prevented from entering the watercourse/body; 

 All new channels or banks will be stabilized against erosion by using rock, geotechnical fabric, 

seeding, mulching or a combination of these; 

 Disturbed stream banks will be restored, where possible; 

 Borrow pits will not be located within 100 m of a watercourse/body, wetland or steep slopes; 

 Should a temporary camp be required for the construction of the South Access Road, potable water 

will be trucked to site and wastewater will be collected and hauled off site for disposal at a licensed 

wastewater facility; and 

 Riprap and fill material placed adjacent to watercourses will be clean and free of fine material. 

As a result of application of the various mitigation measures (see the Keeyask South Access Road EnvPP 

for additional details), effects to water quality are expected to be negligible. 
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2.5.2 Operation Period 

Hydroelectric development often results in changes in water quality, although the magnitude, extent, and 

duration of these changes may vary considerably between systems. In general, hydroelectric development 

may affect water quality in the reservoir itself and/or water quality in the downstream environment. 

Common water quality changes observed in new reservoirs are: 

 Increases in nutrients due to flooding and decomposition of terrestrial organic materials; 

 Decreases in pH due to flooding; 

 Increases in TSS due to increased shoreline erosion or decreases in TSS due to changes in the water 

regime; 

 Decreases in DO due to flooding and decomposition of terrestrial organic materials;  

 Increases in total dissolved gas pressure due to entrainment of gas bubbles into spilled water; and 

 The downstream environment may be affected through changes in upstream water quality and/or 

due to effects of alterations in the water regime (e.g., increased downstream erosion due to alterations 

in the water regime). 

The Keeyask Project may affect water quality during the operation period through a number of pathways. 

Linkages between the Project operation and water quality are presented in Table 2-1 and illustrated in 

Figure 2-16. In brief, water quality may be affected by the Project during the operation period through a 

number of pathways including: 

 Changes in the water regime: changes in water levels, flows, velocities, depths, and residence times 

may affect mixing, reaeration, accumulation, cycling or losses of substances from the reservoir, and 

thermal regimes; 

 Changes in the ice regime: changes in the spatial extent of open water areas and/or timing of freeze-

up and break-up may affect reaeration (and therefore DO concentrations) and/or light availability; 

 Flooding of terrestrial habitat: decomposition of flooded organic materials may affect DO, pH, 

nutrients (phosphorus and nitrogen), OC, colour, and/or metals; and 

 Erosion and sediment transport/deposition: hydroelectric development often increases shoreline 

erosion thereby affecting TSS and water clarity, but may also lead to enhanced sedimentation 

associated with reductions in velocities. 

The key water quality variables commonly altered by hydroelectric developments are: 

 Nutrients, including phosphorus and nitrogen; 

 Dissolved oxygen; 

 pH; and 

 TSS/turbidity/water clarity. 
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Other parameters may be altered including metals (including mercury), conductivity/TDS, OC, and 

colour. Effects of the Project operation on water temperature and dissolved oxygen are described in 

detail in the PE SV, Section 9 and effects of the Project on sedimentation are described in detail in the 

PE SV, Section 7. This information is also summarized below to describe overall effects on water quality.  

2.5.2.1 Split Lake Area 

Effects of the Keeyask Project on Split Lake are limited to the possibility that under low flow conditions 

(which occur on average once every 20 years) peak winter water levels on Split Lake could be increased 

up to 0.2 m above those that would occur without the Project (PE SV, Section 4.4.2.4). However, should 

this happen, ―resulting winter water levels would still be well within the range of winter levels 

experienced in the existing environment on Split Lake since CRD and LWR have been in operation.‖  

(PE SV, Section 4.4.2.4). Therefore, no effects to water quality in Split Lake as a result of the operation 

of the Project are predicted. 

2.5.2.2 Keeyask Area 

In general, the Keeyask area extends from the outlet of Clark Lake to the Keeyask GS and includes the 

reservoir proper. The HZI of the Keeyask Project extends from a point approximately 40 km upstream 

of the GS to 3 km downstream of the GS (PE SV, Section 4.4.2.2 and Section 4.4.2.3). Downstream 

effects to water quality are discussed in subsequent sections, except for effects on total dissolved gas 

pressure.  

As indicated in Section 2.5.2, water quality in the Keeyask area may be affected by a number of pathways 

during the operation period, including changes in the water regime, flooding, and erosion/sedimentation. 

The following provides a description of predicted effects to water quality by parameter for this area; 

effects are expected to vary spatially across the reservoir in relation to water depth, mixing/water 

residence times, and velocities.  

In general, water quality effects are described in the following sections based on the distinctions between 

nearshore, flooded bays (lentic environments) and the deeper, lotic areas of the reservoir, as defined in 

Section 3.4.2.2. Distinctions are also made on the basis of depth; ―shallow‖ refers to depths of 0–3 m; 

and ―deep‖ refers to depths greater than 3 m. Lotic areas, which are composed largely of deep habitat, 

within the lacustrine portion of the reservoir are also referred to as ―mainstem‖. Water quality parameters 

discussed below include water temperature, DO, pH, TSS/turbidity, OC, true colour, water clarity, 

nutrients (nitrogen and phosphorus), conductivity/TDS, and metals. 

2.5.2.2.1 Water Temperature 

Currently the mainstem of the study area does not thermally stratify but off-current areas may weakly 

stratify during infrequent periods of very low wind (PE SV, Section 9). The reservoir is not expected to 

thermally stratify along the mainstem but may stratify in lentic, off-current areas in winter and during low 

wind periods in summer (PE SV, Section 9.4.2.1). Water temperatures of lentic areas are expected to 

more closely mirror ambient air temperatures than the larger mainstem area of the reservoir. In addition, 

increases in dissolved organic matter, which are expected in lentic areas over flooded terrestrial habitat, 
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may increase the temperature of the upper 1 m of water, due to effects of the humic acids on light 

absorption (notably ultraviolet radiation; Wetzel 1983). 

2.5.2.2.2 Dissolved Oxygen 

Dissolved oxygen is commonly affected by reservoir creation due to the introduction and subsequent 

decomposition of flooded organic materials and is generally most affected in nearshore, flooded habitats 

(e.g., Paterson et al. 1997). Lower DO concentrations have been observed in northern Manitoba reservoirs 

(e.g., Notigi Lake: Hecky et al. 1987a; Stephens Lake: Cleugh 1974, Crowe 1973) and Quebec reservoirs 

(e.g., Hayeur 2001) following flooding. In addition, DO may be affected by alterations in the thermal 

regime (e.g., should stratification be created), the ice regime (i.e., changes in the timing of freeze-up and 

break-up and/or the extent and duration of open water areas in winter that in turn affect reaeration), the 

water regime (e.g., changes in water residence times, water depths, mixing, turbulence), and erosion of 

organic shoreline materials (e.g., introduction of organic materials from shoreline erosion may increase the 

oxygen demand in water).  

Information collected from reservoirs in Manitoba indicates that the magnitude and duration of effects to 

DO are variable. For example, no effects to DO were reported for SIL post- CRD, which was postulated 

to be a result of the large volume of the lake, rapid mixing and large fetches (Hecky et al. 1987a). This 

occurred despite observed decreases in DO in limnocorral experiments in which organic materials, 

including moss/peat, were added to SIL surface waters (Hecky et al. 1987a). Conversely, decreases in DO 

were observed in both the east and west basins of Notigi Lake during and following reservoir filling 

(Bodaly et al. 1984a; Hecky et al. 1987a). Anoxic conditions were reached at depth during the filling period 

and reduced DO conditions persisted for a number of years following flooding and diversion. The 

observed differences regarding effects of impoundment on DO between SIL and Notigi Lake likely 

reflects differences in hydrology, areas of flooding, lake morphometries, and limnology (e.g., depths and 

stratification). 

The following provides a brief overview of the results of the DO modelling exercises described in the PE 

SV, Section 9, a discussion of other linkages between the Project operation and DO (e.g., phytoplankton), 

consideration of changes in the ice regime outside of the modelled area, site-specific considerations 

relevant to resident biota, and consideration of Manitoba PAL water quality objectives and CCME PAL 

guidelines for DO. The DO assessment was also based on information collected from Stephens Lake and 

other reservoirs in Manitoba, reservoirs in other areas, and the general scientific literature.  

Effects on DO will vary spatially in the reservoir in relation to substrate type (i.e., flooded organic 

materials vs. mineral substrate), effects of erosion of organic shorelines (i.e., peat) on TSS (i.e., suspended 

organic materials) and substrate composition (i.e., deposition of organic and inorganic materials), location 

and aerial extent of peat islands, ice cover (duration and spatial extent), depth, velocity, water residence 

time, and mixing.  

Model predictions are discussed separately for the mainstem area of the reservoir and the lentic, isolated 

areas of the reservoir below. Maps referred to below depict areas of the reservoir where DO 

concentrations are predicted to fall within defined ranges identified based on Manitoba PAL water quality 

objectives (MWS 2011). Note that while there are fewer CCME PAL guidelines for DO than for 
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MWQSOGs, the CCME guidelines (6.5 and 9.5 mg/L) are equivalent to the most stringent Manitoba 

objectives for the open water and ice-cover seasons (i.e., presence of early or mature life stages of aquatic 

life). Discussion of DO modelling results provided below represents a summary of the information 

presented in the PE SV, Section 9. 

Year 1 DO Model Results: Mainstem 

Model predictions indicate that the mainstem of the Keeyask reservoir will remain well-oxygenated year-

round (i.e., in the ice-cover and open water seasons) across depth and under both the base loaded and 

peaking modes of operation (PE SV, Section 9; Map 2-12 to Map 2-21). The predicted decrease in DO 

under ―typical‖ and more extreme (i.e., higher temperatures, lower wind speeds) weather conditions in 

summer is less than 0.5 mg/L in the area immediately upstream of the GS (i.e., ―immediately adjacent to 

the powerhouse‖) relative to the inflow concentration (Table 2-13). As the lowest DO concentration 

measured in the open water season along the mainstem of the Nelson River during the Keeyask 

environmental studies was 7.61 mg/L, DO would remain above the most stringent Manitoba PAL water 

quality objective and the CCME guideline for mature life stages of aquatic life (6.5 mg/L) under the range 

of DO conditions measured in the study area.  

Similarly, DO is predicted to decline by less than 0.5 mg/L along the mainstem of the reservoir in winter 

(Table 2-13). As the lowest DO concentration measured along the mainstem of the Nelson River during 

the Keeyask environmental studies in winter was 11.10 mg/L, DO would remain above the most 

stringent Manitoba PAL water quality objective and the CCME guideline for protection of early life 

stages of cold water aquatic life (9.5 mg/L) under the range of DO conditions measured in the study area. 

The surface areas of the reservoir that would remain above the most stringent PAL water quality 

objectives/guidelines (i.e., 6.5 mg/L in summer and 9.5 mg/L in winter) at all depths are approximately 

73.7–91.1 km2 in summer and 61.6–69.0 km2 in winter in Year 1 of the Project when effects on DO 

would be greatest (Table 2-14 and Table 2-15, respectively). These areas represent approximately  

76–98% (summer) and 66–74% (winter) of the entire reservoir surface area. The spatial extent of this 

highly oxygenated area of the reservoir would fluctuate depending on wind speed in the open water 

season and the mode of operation throughout the year.  

Year 1 DO Model Results: Flooded Bays 

Dissolved oxygen will be most affected in the nearshore, flooded areas of the reservoir, due to the 

presence of flooded organic materials, introduction of particulate organic materials from erosion and 

disintegration of peatlands, shallow depths, low velocities, and higher water residence times. In addition, 

the presence of peat islands may cause or contribute to localized DO depletion in backbays through 

decay of peat and/or due to reductions in reaeration due to the physical presence of the islands.  

Effects will be greatest in winter when ice cover prevents introduction of atmospheric oxygen to the 

water column and reduces mixing processes (PE SV, Section 9; Map 2-18 to Map 2-21). Effects in the 

open water season are highly dependent upon wind speed, although the nearshore, lentic areas will 

typically contain lower concentrations of DO than the mainstem of the reservoir throughout this season 

due to lower water velocities, longer residence times, reduced mixing, and the presence of flooded peat.  
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The largest effects on DO would occur at depth. Temperature modelling indicates that the reservoir will 

not thermally stratify in summer or winter (see the PE SV, Section 9). However, information collected 

from the north arm of Stephens Lake indicates that stratification may occur in winter in isolated backbays 

and nearshore areas and that backbays may also exhibit transient stratification under atypically low wind 

conditions in the open water season. On this basis, it is expected that thermal stratification may occur in 

some nearshore areas in winter and infrequently during very hot, calm conditions in summer. This 

occurrence would exacerbate DO depletion at depth but may improve epilimnetic DO concentrations 

during periods of stratification. Dissolved oxygen modelling also indicates that DO gradients across 

depth are expected in nearshore areas even where thermal stratification is not predicted.  

In winter, DO concentrations will vary in the lentic areas of the reservoir according to depth, substrate, 

mixing, and the presence of ice. Map 2-20 and Map 2-21 illustrate the predicted concentrations of surface 

and bottom DO concentration ranges, respectively, after three weeks of ice cover in the reservoir under a 

peaking mode of operation. Predicted surface and bottom DO concentration ranges under a base loaded 

mode of operation for a two week simulation period are illustrated in Map 2-18 and Map 2-19. In areas 

where the water residence time exceeds the duration of the model simulations and mixing is limited (i.e., 

where DO depletion is evident in the model simulations), DO depletion will continue beyond that 

predicted by the model over the winter period. The boundary of the area potentially affected by severe 

DO depletion (i.e., becoming hypoxic or anoxic by winter‘s end) has not been defined by modelling; 

however, conservatively, it is assumed that all areas showing marked depletion (i.e., less than 9.5 mg/L by 

the end of the three week simulation) would continue to decline to very low concentrations by winter‘s 

end. However, DO depletion may stabilize at relatively higher concentrations in some areas. Under the 

base loaded mode of operation, this represents an area of the reservoir of approximately 25 km2, 

including areas that would be frozen to the bottom (Table 2-15). Areas that were characterized by DO 

concentrations greater than 9.5 mg/L after three weeks of ice cover (the mainstem of the reservoir) are 

expected to maintain high DO concentrations throughout the winter. 

Including areas of the reservoir that would be frozen across depth under the peaking mode of operation, 

approximately 32 km2 of the reservoir are expected to be below the chronic Manitoba DO objective for 

the protection of cold water aquatic life and the CCME guideline for the protection of early life stages of 

cold water aquatic life in winter (9.5 mg/L), all of which are located in nearshore, lentic areas 

(Table 2-15). The remainder of the reservoir (approximately 62 km2, depending on water level 

fluctuations) is expected to exceed Manitoba DO objectives and the CCME guidelines throughout the 

winter. Water level fluctuations are expected to result in a shifting of the boundaries of DO 

concentrations between the poorly mixed nearshore areas and areas closer to the mainstem of the 

reservoir where mixing occurs. Therefore, in these transitional areas, DO concentrations are expected to 

oscillate along with daily and weekly water level fluctuations.  

As DO conditions in winter will be relatively stable once equilibrium is reached, the most applicable 

Manitoba PAL water quality objectives are the chronic objectives (9.5 mg/L for cold water species and 

5.5 mg/L for cool water species). However, the 9.5 mg/L DO objective for cold water species in winter 

is intended to protect intergravel DO concentrations for the early life stages of fish that spawn on gravel 

substrates (e.g., trout). This objective may not therefore be applicable (i.e., overly conservative) to the 

nearshore, newly flooded habitat, due to the composition of the flooded substrate (i.e., organics). 
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Of the remaining Manitoba DO objectives for the ice-cover season, the most stringent is the 30-day 

objective of 5.5 mg/L for cool water species. Most of the nearshore areas where DO depletion is 

anticipated in winter are predicted to below 5.5 mg/L by the end of a three-week simulation and it is 

expected DO will continue to decline thereafter. In addition, DO may continue to decline to 

concentrations below this objective over the course of the winter in areas where model predictions 

indicated DO was less than 9.5 mg/L. Overall, nearshore areas are expected to experience DO 

conditions below the most-stringent, applicable Manitoba objective and the CCME guidelines for cold 

water aquatic life and areas of hypoxia or anoxia will occur in shallow, isolated areas of the reservoir over 

winter. 

Based on an approximate ice thickness of 1 m, as described in PE SV, Section 4, some areas of the 

reservoir are expected to be either completely or effectively isolated from the rest of the reservoir in 

winter. This occurrence would likely exacerbate DO depletion and the isolated areas are likely to become 

anoxic over winter. These anoxic conditions coupled with the physical isolation of these areas would 

likely lead to mortalities of fish and invertebrates. Based on depth contours of the reservoir, areas likely 

to become isolated in winter are located in peat transport zone 9 (northeast bay of the reservoir (Map 

2-22; PE SV, Section 4). 

In the open water season, DO concentrations are expected to remain above the most stringent Manitoba 

PAL water quality objective (30-day average of 6.5 mg/L for the protection of cold water aquatic life) and 

the CCME guideline for mature life stages (6.5 mg/L) under typical wind conditions (i.e., average wind 

speed of 15 km/hour [h]) through the majority or entirety of the reservoir (Map 2-12 and Map 2-13, 

Table 2-14).  

Conversely, lower DO concentrations are expected in some of the isolated areas of the flooded bays 

during low wind events in summer (Map 2-14 and Map 2-15). Manitoba water quality objectives for DO 

incorporate the concepts of duration and frequency in recognition that the tolerance of aquatic life to 

changing environmental conditions is related to the exposure regime; the applicable objectives for short-

term events are the instantaneous minimum objectives of 4 mg/L and 5 mg/L, for cold water and cool 

water species respectively. 

Under periods of low-wind (i.e., less than 6 km/h for a 12-hour period or longer) and higher air 

temperatures, model predictions indicate DO would decrease below the Manitoba instantaneous 

minimum objectives of 5 mg/L and 4 mg/L over approximately 14 km2 and 10 km2, respectively, under 

the peaking mode of operation1. In general, modelling indicates that DO may decrease notably in some 

nearshore areas when wind speeds are less than 6 km/h. However, the duration of the low wind events 

and the wind speeds that occur prior to these low wind events affect the absolute decreases in DO. An 

analysis of wind conditions over a typical period from May to September indicates that these low wind 

conditions (i.e., less than 6 km/h for a 12-hour period) typically occur only 3% of the time during that 

                                                      

1 Assuming DO concentrations in areas that could not be modelled due to shallow depths (less than 0.1 m) would 

be less than 4 mg/L. 
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period (PE SV, Section 9). Therefore, these low wind and associated low DO events would be short-term 

(typically less than 24 h) and infrequent.  

Resuspension of organic particulate matter (i.e., peat) that is deposited on the bottom of nearshore areas 

by wind or wave action may cause periodic declines in DO. This may increase the BOD in the surface 

water and lead to episodic decreases in DO following high wind events, in particular. In addition, the DO 

model was structured on the assumption that peatland disintegration would occur uniformly during the 

open water period. However, should the disintegration occur in a non-uniform fashion, effects to DO 

due to this pathway may be larger and more sporadic than predicted by the model and episodic decreases 

in DO would be expected. 

In summary, during winter, the area over which the most stringent Manitoba PAL water quality 

objectives and the CCME PAL guideline (both 9.5 mg/L) would be met in the reservoir is estimated as 

62–69 km2, depending on mode of operation. The greatest effects to DO will occur in winter, where a 

larger area will be affected, the magnitude of DO depletion will be greatest, and the duration of the 

effects would be longest. As the ice-cover season is prolonged in the area, these low DO conditions 

would occur for a number of months. Summer DO concentrations are expected to be above the most 

stringent Manitoba water quality objective and the CCME PAL guideline (both 6.5 mg/L) under median 

wind conditions throughout the reservoir. Short-term decreases in DO are expected in the nearshore and 

transitional areas in summer under infrequent low wind events, with DO concentrations declining to 

below the Manitoba instantaneous minimum water quality objectives and the CCME PAL guideline in 

shallow isolated areas of the reservoir.  

Ice Regime and DO 

Project-related changes in the ice regime could affect DO due to effects on reaeration. The DO model, 

which included the majority of the reservoir, incorporated the loss of open water at Gull Rapids as 

complete ice cover was assumed over the modelled area. However, the model did not incorporate 

potential effects of increased ice cover in the riverine section of the reservoir, as the model did not 

extend this far upstream. The ice regime analysis indicates that ice cover will always form in the riverine 

area of the reservoir and may advance further upstream than under existing conditions, although a 

portion of the reach from Clark Lake to Birthday Rapids will remain open with the Project (PE SV, 

Section 4). This could decrease the concentration of DO entering the reservoir through the reduction or 

elimination of reaeration in this area. However, DO is typically at or near saturation across the mainstem 

of the study area in winter and the DO model results indicate that DO would drop by less than 0.5 mg/L 

along the mainstem of the modelled reservoir area with the Project. Therefore, it is not expected that 

changes to the aerial extent of ice cover in the riverine portion would result in notable decreases in DO in 

the mainstem of the reservoir. 

The Project is also expected to result in earlier freeze up and later breakup, thus extending the duration of 

ice cover, relative to current conditions. Therefore, low DO conditions may persist for a longer period in 

the Keeyask reservoir. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY 2-59 

Peat Islands and DO 

DO concentrations may be lower in the vicinity of floating peat islands; low DO concentrations were 

observed under floating peat in the ELARP studies (Saquet 2003). However, the magnitude of the effect 

would depend upon the location and aerial extent of the peat islands (i.e., water depths, velocities, 

mixing). According to the PE SV, Section 7, the greatest amount of floating peat is likely to accumulate in 

peat transport zones 11 and 12 (areas depicted in Map 2-22) and DO depletion may be greater in these 

areas if a substantive amount of floating peat accumulates, notably in shallow, nearshore, poorly mixed 

areas. 

Effects of Primary Producers on DO 

As primary producers (i.e., phytoplankton and aquatic plants) may affect DO concentrations in aquatic 

ecosystems (primary producers generate oxygen in daylight and consume oxygen at night), any Project-

related changes in primary production could affect DO concentrations in the Keeyask area. Effects may 

occur as diurnal oscillations and/or due to senescence (i.e., decay processes consume oxygen). 

Detectable changes in phytoplankton biomass are not expected in the mainstem of the reservoir due to 

short water residence times (see Section 4.2.4.2). Therefore, phytoplankton are not expected to cause 

detectable changes in DO in the mainstem of the reservoir. Phytoplankton abundance is also not 

expected to increase substantively in the lentic areas of the reservoir during the initial years following 

impoundment due to reduced water clarity and increases in humic matter and DOC (see Section 4.2.4.2). 

Therefore, effects of phytoplankton on DO in the lentic areas of the reservoir are expected to be 

negligible during the initial years of operation. However, when effects of shoreline erosion begin to 

subside and effects to water colour and DOC decline (i.e., after approximately 5–10 years), phytoplankton 

abundance may increase in the lentic areas as water clarity is increased. Increases in diurnal oxygen swings 

may be more pronounced in these areas during the transitional period of reservoir evolution (i.e., 5–15 

years) and may occur periodically in the long-term during phytoplankton bloom events.  

In addition, senescence of aquatic plants in late fall may lead to short-term decreases in DO 

concentrations. Aquatic plant beds are expected to begin to develop in the new reservoir between 5 and 

15 years after impoundment and eventually occupy shallow areas with suitable substrate. Therefore, in 

the long-term, temporary decreases in DO may occur in aquatic macrophyte beds in late fall during the 

senescence phase. Diurnal oxygen swings may also occur within plant beds during the growing season. 

Duration of Effects 

The duration of DO effects over the longer-term relates to the rate of decay of flooded organic materials 

and the time period over which substantive peatland disintegration, and therefore introduction of 

suspended organic materials, will occur. DO conditions are expected to be very similar to existing 

conditions throughout the operation period along the mainstem of the reservoir, as well as in the majority 

of deep, lentic areas of the reservoir (i.e., at or near saturation). DO modelling results for Year 5 of 

operation indicate that a larger area of the reservoir will remain above the most stringent PAL water 

quality objective relative to Year 1 (Table 2-16). However, lower DO concentrations may occur in 

portions of the flooded bays of the reservoir, notably in shallow areas, for years following initial reservoir 
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creation. In addition, as peatland disintegration continues over time, the reservoir will be expanded and 

―new‖ flooded habitat will be created in the immediate nearshore areas. These areas are likely to 

experience localized DO depletion in the initial years following their creation. 

Overall, effects to DO would be greatest in the initial years following impoundment when the labile 

organic materials would decay and when erosion would be greatest. Dissolved oxygen modelling indicates 

that sediment oxygen demand (SOD) of the flooded materials will be the dominant pathway of oxygen 

consumption in the reservoir. In addition, peatland disintegration will be greatest in Year 1 of operation, 

declining rapidly thereafter. Effects to DO due to this pathway would therefore be greatest in Year 1 and 

would decline in conjunction with reductions in loading of organic materials. Decomposition of the 

flooded peat will be greatest in the initial years following flooding as the most labile forms of carbon are 

decomposed, with decomposition rates declining over time. Additionally, in areas where mineral 

sedimentation will occur, effects to DO will decline as the mineral sediments are deposited over organic 

areas and reduce the overall SOD by acting as a physical cap. As discussed in Section 3.4.2.2, the majority 

of the lacustrine portion of the reservoir (i.e., area around what is currently Gull Lake) will become 

sedimentary and by approximately Year 30 of operation, substrate will be primarily mineral in the 

reservoir. Small, localized areas will contain organic substrate over the long-term and localized depletion 

of DO may persist in these areas for decades.  

The ELARP studies have indicated that the largest fluxes of greenhouse gases (GHGs) from 

decomposition of flooded peat occur in the first 5–10 years following inundation, representing 

decomposition of peatland vegetation, with continued decomposition of subsurface peat for 

approximately 2000 years beyond (Kelly et al. 1997; Dyck and Shay 1999). These studies suggest that 

effects related to flooding (e.g., DO depletion) would begin to decline after approximately 5–10 years over 

flooded areas. However, localized depletion may occur for longer periods in the vicinity of floating peat 

islands (Saquet 2003).  

Similar temporal trends have been observed in other hydroelectric reservoirs. Key water quality variables, 

including DO, had ―returned to pre-construction values‖ in Hydro Quebec‘s Opinaca and Robert-

Bourassa reservoirs after approximately 9 or 10 years post-flood and in the Caniapiscau Reservoir return 

to ―natural conditions‖ was nearly complete after 14 years (Hayeur 2001). Hayeur (2001) suggested that 

the more lengthy recovery period for the latter reservoir was related to the prolonged period of 

impoundment (i.e., three years vs. six months for the other reservoirs). Similarly, water quality conditions 

of the reservoirs of the La Grande Complex returned to natural levels within 10–15 years post-flood.   

Information collected from Stephens Lake indicates that low DO conditions continue to occur in areas 

that thermally stratify in winter (i.e., depletion is observed at depth) and in isolated, nearshore areas with 

organic substrates in winter as well as under atypically low wind events in summer. The offshore area of 

the north arm of Stephens Lake is currently relatively well-oxygenated in the open water season, 

indicating that effects to DO observed in this area following reservoir creation in the initial years 

following impoundment (i.e., 1972 and 1973) have since been eliminated. 
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Synthesis: DO 

Flooding and peatland disintegration are expected to cause decreases in DO concentrations in the 

nearshore, lentic areas (i.e., flooded bays) of the reservoir with poor mixing and long residence times in 

the open water and ice-cover seasons. The effects are expected to be relatively long-term  

(i.e., 10–15 years) but in highly isolated nearshore areas where organic substrates persist and/or where 

floating peat islands are present, the duration of effects may be longer (i.e., greater than 30 years). In 

addition, temporary decreases in DO may occur over the long-term in association with fall senescence of 

aquatic plant beds and/or periodic phytoplankton bloom events. 

The majority of the reservoir is expected to remain well-oxygenated year-round due to high 

volumes/flows and short water residence times. In summer, DO concentrations are expected to be above 

the most stringent Manitoba PAL water quality objective and the CCME PAL guideline (6.5 mg/L) 

under median wind conditions throughout the reservoir. During low wind events, short-term decreases in 

DO are expected in the nearshore areas in summer and shallow isolated areas will experience DO 

concentrations below the Manitoba instantaneous minimum water quality objectives and the CCME PAL 

guideline. These events are expected to be infrequent, based on analysis of wind speeds at Gillam 

Airport. The area over which the most stringent Manitoba water quality objective (chronic objective of 

6.5 mg/L) and CCME guideline (6.5 mg/L) is expected to be met in summer would vary according to the 

mode of operation (water level fluctuations) and wind speeds, but is expected to include the mainstem of 

the reservoir, including the area immediately adjacent to the powerhouse (i.e., near the GS) and 

substantial portions of the flooded bays. Localized depletion of oxygen may occur in areas where 

substantive areas of peat islands may accumulate, particularly if they occur in shallow, flooded areas. 

Greater effects to DO in the Keeyask area will occur in winter, where a larger area will be affected, the 

magnitude of DO depletion will be greatest, and the duration of the effects would be longest. In winter, 

the area over which the most stringent Manitoba PAL water quality objectives and the CCME PAL 

guideline (9.5 mg/L) would be met in the reservoir is estimated as 62–69 km2 (representing approximately 

66–74% of the total reservoir area), depending on mode of operation. Anoxic and hypoxic conditions are 

expected to develop in nearshore, lentic areas over flooded terrestrial habitat with limited mixing with the 

mainstem in the ice-cover season. As the ice-cover season is long in the area, these low DO conditions 

would occur for a number of months.  

There are no Manitoba or CCME guidelines for DO for recreation or drinking water quality. However, 

development of anoxic conditions in the flooded backbay areas could adversely affect the aesthetics of 

those areas due to production of unfavourable odours. 

2.5.2.2.3 Total Dissolved Gases 

The concentration of total dissolved gases (TDG) is often increased downstream of hydroelectric 

developments because air entrained in water as numerous small bubbles (Abernethy et al. 2001) plunges 

into deeper water (e.g., below spillway plunge pools) and the trapped air comes under sufficient pressure 

to be forced into solution (Arntzen et al. 2009). When the water subsequently surfaces downstream, the 

sum of the partial pressures of all dissolved gases exceeds local atmospheric pressure, a condition known 

as total dissolved gas super-saturation (TDGS). This primarily physical process can have major biological 
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ramifications because, depending on the degree of TDGS, gas bubbles may develop in the aquatic 

organisms inhabiting the super-saturated water. In fish, this causes a condition known as gas bubble 

trauma (GBT) in which the abnormal presence of gases can block respiratory water flow and blood 

vessels, tear tissues, rupture the swimbladder, and may result in death (Bouck 1980; CCME 1999; updated 

to 2012). Effects are commonly observed at TDG pressures of 110%, but symptoms may occur at lower 

concentrations if fish are restricted to shallow (less than 1 m) waters (Fidler and Miller 1997). Conversely, 

fish can compensate for the increased TGP (total gas pressure) by moving into deeper water (Bouck 

1980), which is probably one reason why massive mortalities of wild fish below waterfalls (where TDGS 

can occur naturally; Fidler and Miller 1997) have not been reported.  

TDGS is well documented from locations downstream of hydroelectric dams on the Columbia River in 

the US (Urban et al. 2008; Tanner et al 2010) and British Columbia (Fidler and Miller 1997). Little 

information on TDGS exists for other locations in Canada, including hydroelectric installations in 

Manitoba. A recent study on the Nelson River with locations upstream and downstream of Gull Rapids 

and the Kelsey and Limestone GSs has indicated that presently no substantial (greater than 103%) TDGS 

downstream of Gull Rapids exists and that TDGS of up to 109% and 118% occur at locations 

downstream of the Kelsey and Limestone GSs, respectively (Jansen and Cooley 2012). These results are 

from only one series of measurements taken at only two depths, in a limited area, and at the prevailing 

flow of the Nelson River and the spill rate at each station. Thus, they present only a snapshot of TDG 

conditions the two stations and Gull Rapids and do not characterize its full range. 

Based on the results of the Jansen and Cooley (2012) study, and the fact that the design of the Keeyask 

spillway and potential adjustments during its operation will incorporate a number of features aimed at 

minimizing TDGS (PE SV, Section 9.4.3.), it is expected that TDG pressure downstream of the Keeyask 

GS will be within or less than the ranges observed at the Kelsey and Limestone GSs. The effects on 

TDG pressure are also anticipated to be local, long-term and intermittent as TDGS is expected to mainly 

occur when the spillway is in operation.  

No water quality objectives for TDGS exist for Manitoba. The national water quality guidelines for PAL 

do not provide a single numerical value, however for the conditions downstream of the Keeyask GS  

(i.e., water depths greater than 1 m) a guideline of approximately 110% TDGS applies (CCME 1999; 

updated to 2012). Therefore, the operation of the Keeyask GS has the potential to elevate, at least 

temporarily, TDGS to levels where guideline values are exceeded and that may result in deleterious 

effects on fish, invertebrates and amphibian larvae. Because of the potential for swimbladder 

overinflation, fish are generally more sensitive to TDGS than other organisms (CCME 1999; updated to 

2012). Because the biological effects of TDGS are modulated by water temperature and depth, fish life 

stage, and several other environmental variables (CCME 1999; updated to 2012), their extent and 

magnitude may differ with the specific condition at a location and identical percentages of TDGS can 

lead to different biological outcomes. No information of the effect of gas super-saturation on the local 

aquatic fauna is available for any of the existing generating stations on the Nelson River or in Manitoba. 

Because of the relative high uncertainty in the predictions of TDGS effects on the aquatic biota, field 

studies designed to detect signs of GBT and other symptoms of TDGS will be part of a post-Project 

monitoring program. 
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2.5.2.2.4 pH 

pH may be reduced in newly created reservoirs as a result of decomposition of flooded terrestrial 

vegetation (e.g., Hayeur 2001). This effect appears to have occurred in the north arm of Stephens Lake 

during the initial years post-flood (see Section 2.4.3.2 and Appendix 2E for additional discussion), but pH 

had increased to levels similar to the southern portion of the lake and other sites on the mainstem of the 

Nelson River by the 1980s. All measurements collected in Stephens Lake from 1972 onwards were within 

Manitoba and CCME water quality guidelines for the protection of aquatic life indicating that, while pH 

appears to have been reduced post-impoundment, it did not result in conditions unsuitable for aquatic 

biota. Currently, pH is somewhat lower in backbay areas of Stephens Lake relative to more offshore 

areas, indicating that localized reductions in pH may persist for a longer time period; however, these 

lower pH conditions also reflect the effects of local drainages. Studies of Hydro Quebec reservoirs have 

also reported temporary reductions in pH lasting for approximately 10–15 years, whereafter levels return 

to near pre-project conditions (e.g., Hayeur 2001). Typically, as for other water quality variables affected 

by flooding, the greatest effect is observed in the initial years following inundation. 

It is expected that pH will decrease in the nearshore, lentic areas of the Keeyask reservoir due to 

flooding, as is commonly observed in new reservoirs. Humic and fulvic acids released from peat 

contribute to acidity in surrounding drainages (Faithfull et al. 2006). Sphagnum-dominated peatlands are 

also characterized by acidic conditions (pH of 3.8–4.2; Svahnback 2007) and flooding of this type of 

organic materials would conceptually have a greater effect on surface water pH than less acidic types of 

terrestrial habitat. Peat lakes also generally exhibit lower pH (less than 7.0) than typical lakes (e.g., Faithfull 

et al. 2006) and runoff from natural Sphagnum-dominated peatlands and from peat production areas 

indicate considerably acidic conditions (e.g., reviewed in Svahnback 2007). 

pH may also be altered through indirect effects to primary producers. Increased primary production may 

lead to increases in pH in daylight hours due to the effects of photosynthesis and to decreases at night 

due to respiration. This effect creates a diurnal swing in pH levels and can either exacerbate effects on 

pH related to flooding (i.e., overnight) or mitigate these effects (i.e., in daylight). As primary productivity 

(i.e., algae) is not expected to be notably increased in the lentic areas of the reservoir during the initial 

years of operation (see Section 4.2.4.2), when the effects of flooding on pH would be greatest, this 

pathway is not expected to notably alter pH. Phytoplankton may become more abundant in the longer-

term, after water clarity increases and following decomposition of the labile carbon in the flooded peat. 

This may contribute to small diurnal fluctuations in pH but it is expected that pH would still remain 

within Manitoba and CCME water quality guidelines for the PAL (6.5–9) and recreation (5-9) and the 

Manitoba and CCME aesthetic objective for drinking water (6.5–8.5). 

pH is currently relatively basic (mean of approximately 8.0) in the study area and surface waters in general 

would be classified as ―least sensitive‖ to acidification on the basis of alkalinity (Saffran and Trew 1996). 

Therefore, the study area has a good capacity to buffer the effects of acidification pathways including the 

effects of flooding. This is supported by monitoring data collected in Stephens Lake in the initial years 

following flooding (see Section 2.4.3.2) where pH was reduced in the north arm but remained within the 

Manitoba and CCME water quality guideline range for the protection of aquatic life. Additionally, pH 

measured near the mouths of small tributaries to the lower Nelson River and in backbays in Stephens 
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Lake, while somewhat lower than the Nelson River, is within the Manitoba and CCME PAL guidelines 

and typically above 7.0. 

Effects on the lotic areas of the reservoir are expected to be small and not detectable due to the large 

volume of flow and short residence times and pH is expected to remain within Manitoba and CCME 

PAL, recreational, and aesthetic drinking water quality guidelines. pH measured in the southern portion 

of Stephens Lake following creation of the reservoir was similar to levels measured upstream and 

downstream on the Nelson River and there was no indication that pH was notably changed along the 

main flow area of the lake (see Section 2.4.3.2 and Appendix 2E).  

Overall, effects to pH (i.e., a decrease) are anticipated within nearshore areas of the reservoir, notably 

shallow, lentic areas, that have long residence times, low mixing, and are located over flooded terrestrial 

habitat. pH is expected to decrease in these areas during the initial years following flooding, but is 

anticipated to remain within Manitoba and CCME PAL and recreational water quality guidelines and the 

aesthetic objectives for drinking water quality in most or all areas. No effects on the mainstem are 

expected. 

The duration of effects on pH are expected to be similar to those predicted for DO (i.e., 10–15 years). A 

reduced pH was observed in the north arm of Stephens Lake in the initial years following flooding, 

although it increased to levels similar to the mainstem of the Nelson River within approximately 15 years 

post-flood. Slightly lower pH continues to persist in isolated backbays in the north arm of the lake in 

areas with poor mixing, local drainage inflows, and organic substrates, and this may also occur in similar 

areas of the Keeyask reservoir in the long-term. Monitoring in other boreal reservoirs has indicated that 

water quality conditions, including pH, typically return to pre-flood conditions within approximately  

10–15 years (Hayeur 2001).  

2.5.2.2.5 Total Suspended Solids/Turbidity 

TSS and turbidity may be affected by erosion of mineral or organic shoreline materials in combination 

with changes in the hydraulic regime that affect sediment transport and deposition. TSS is defined here as 

organic and inorganic materials that are retained on a standard-sized filter (typically 1.5 micrometre [μm]). 

Predicted changes in TSS during the Project operation period were generated separately for mineral 

erosion (i.e., ―mineral TSS‖) and disintegration of peat (i.e., ―organic TSS‖) and are presented in the PE 

SV, Section 7. The following is intended to provide a brief summary and integration of these predictions 

and describe how these changes may affect water quality and aquatic biota. Mineral TSS predictions were 

based on the modelling reaches and shallow/deep areas indicated in Map 2-23 and organic TSS 

predictions were based on peat transport zones as shown in Map 2-22. Peat transport zones 4, 5 and  

7–13 (note: there is no zone 6) are composed entirely of lentic habitat, whereas peat transport zones 1–3 

contain both lotic and lentic habitat and are deeper (i.e., composed largely of deep habitat; see Section 

3.4.2.2). Additionally, peat transport zones 7–13 are composed mostly of flooded habitat (see Section 

3.4.2.2). 

Predicted effects of the Project on the spatial distribution of mineral and organic TSS are somewhat 

different. In general, effects of the Project on organic TSS are expected to dominate in the flooded, 

nearshore areas, whereas Project-related effects on mineral TSS would be greatest in the lotic areas  
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(i.e., mainstem). The following provides a brief overview of these predicted changes. Detailed 

descriptions of the effects of the Project on organic and mineral TSS are presented in the PE SV, 

Section 7. 

As described in the PE SV, Section 7, mineral TSS is generally predicted to decrease in the shallow and 

deep areas of the reservoir with the Project, most notably under high flows (95th percentile), although 

small increases (1–4 mg/L) are projected in some areas under some conditions (i.e., different flows and 

years of operation). The predicted changes in mineral TSS are also relatively similar for the peaking and 

base loaded modes of operation for median and high flows. In general, the predicted decreases (or 

occasionally increases) in mineral TSS are less than 5 mg/L under low, median, and high flows in shallow 

and deep areas for Years 1 and 5 of operation. The major exception would occur under high flows in 

reaches 7 and 8 (at the downstream end of present day Gull Lake) and most notably reach 9 (the 

reservoir immediately upstream of the GS) where larger decreases (up to 14 mg/L below background) are 

expected.  

Mineral TSS would generally remain within the chronic Manitoba PAL water quality objective and the 

CCME PAL guideline (a change of less than or equal to 5 mg/L relative to background, where 

background TSS is less than or equal to 25 mg/L). The exceptions would occur in the immediate 

reservoir (reach 9) and reach 8 (the area north of Caribou Island) under high flow conditions, where 

decreases may be larger than the Manitoba water quality objective.  

As described in the PE SV, Section 7, although mineral TSS will generally decline in nearshore areas with 

the Project despite the increase in mineral erosion, episodic resuspension of fine particles may occur in 

the nearshore areas of the reservoir. Therefore, mineral TSS concentrations may increase during high 

wind events. Similarly, episodic erosion events may lead to episodic increases in TSS in the nearshore 

environment.  

Changes in mineral TSS beyond Year 5 were predicted for the base loaded operation scenario under 

median flows only. Mineral TSS is predicted to be similar to or lower in Years 15 and 30 relative to earlier 

years of operation, under median flows in the deeper, lotic areas of reaches 6–9 (i.e., the central areas of 

the reservoir). An equilibrium is predicted by Year 15. . Although modelling was not conducted for time 

frames beyond Year 5 for the high flow condition, it is expected that the magnitude of changes in TSS 

for the long-term period would be similar to those predicted for Year 5 (i.e., up to 7-14 mg/L near the 

GS). Therefore, the long-term effects on TSS (i.e., decreases) are expected to be within the Manitoba 

PAL objective more than 50% of the time and the largest decreases predicted under high flow conditions 

would occur in the areas closest to the GS. 

As described in the PE SV, Section 7, effects of the Project on organic TSS are not expected to be 

detectable along the main flow of the reservoir (i.e., in lotic areas) but would result in detectable increases 

in the nearshore, lentic areas in Year 1 of operation. In addition, organic TSS concentrations will vary 

across the lentic areas of the reservoir due to spatial differences regarding peatland disintegration, local 

bathymetry, and the water regime. For the purposes of quantitatively estimating the effects of this 

pathway on TSS, it was assumed that organic TSS would be introduced evenly over the open water 

period and that some accumulation (i.e., TSS carry-over between days) may occur due to longer water 

residence times in the peat transport zones (i.e., ―average conditions‖). Modelling predictions presented in 
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the PE SV (Section 7.4.2.3) represent the maximum predicted increases within each peat transport zone. 

Overall, the largest increases in organic TSS would occur in peat transport zones 7–9, 11, and 12, which 

are flooded, lentic areas.  

Organic TSS is predicted to remain within the Manitoba PAL water quality objective and the CCME PAL 

guideline (i.e., less than or equal to 5 mg/L change from background) in peat transport zones 1–3 (which 

includes the main flow of the Nelson River, including the area immediately adjacent to the GS) in Year 1 

where flow and mixing are high. In addition, the predicted decreases in mineral TSS in these areas will 

likely offset any increases in organic TSS. 

The upper range of predicted increases are above the Manitoba PAL water quality objective and the 

CCME PAL guideline in peat transport zones 7–9, 11, and 12 (i.e., maximum predicted increases ranging 

from 8–21 mg/L). Increases in organic TSS are predicted to remain within the Manitoba PAL objective 

and the CCME PAL guideline in the remaining areas (peat transport zones 5, 10, and 13).  

As peatland disintegration will decrease notably after Year 1, increases in organic TSS will decline rapidly 

thereafter. The increases in organic TSS in the flooded bay areas would also be somewhat offset by 

predicted decreases in mineral TSS. However, changes in mineral TSS are expected to be small (less than 

5 mg/L) relative to the predicted increases in organic TSS for some of the flooded backbays. 

It should be noted that like mineral erosion, peatland disintegration will likely not occur in a uniform 

manner over the open water season and statistically rare events could occur in which larger quantities of 

peat and mineral soils are introduced to the water column. In addition, resuspension of settled organic 

TSS may also occur in the nearshore areas during high wind events. On that basis, it is likely that short-

term increases in organic TSS that exceed the short-term Manitoba PAL water quality objective and 

CCME PAL guideline (increase of 25 mg/L above background) may periodically occur in some 

nearshore areas. 

Overall, effects of the Project on TSS (i.e., inorganic and organic materials collectively) would be 

dominated by effects to organic TSS in the flooded lentic habitat and effects to mineral TSS in the 

deeper, lotic areas. Therefore, collectively the information indicates general reductions in TSS along the 

mainstem, most notably under high flow scenarios, and elevated concentrations of organic TSS in 

nearshore, lentic areas of flooded bays, most notably in peat transport zones 7–9 and 11 (shallow flooded 

bays off the mainstem of present-day Gull Lake). Effects on organic TSS would be greatest in Year 1, 

declining rapidly thereafter. Effects to mineral TSS would be more long-term as the major driver is a 

reduction in water velocities in the reservoir. 

Changes in TSS may affect primary producers (through changes in the characteristics and penetration of 

light), fish, and invertebrates. Fish and invertebrates may be directly or indirectly affected by changes in 

TSS. Direct effects to fish and invertebrates are generally considered in terms of increases in TSS and 

may include behavioural alterations, reduced growth or condition, physiological stress, and in the most 

severe instances mortality. Indirect effects include changes in the food web (e.g., reductions in primary 

production due to reduced water clarity, reduced abundance of benthic invertebrates due to increased 

TSS and/or sedimentation causing reductions in the abundance of fish diet items), which are considered 
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in Section 4. Potential effects of changes in TSS on water clarity are discussed in the ―Water Clarity‖ 

section below.  

Increases in TSS within the order of tens to hundreds of mg/L are generally associated with sub-lethal 

effects to fish such as behavioural alterations, reduced growth or condition, and physiological stress (e.g., 

DFO 2000). Acute toxicities are generally reported for concentrations ranging from the hundreds to 

hundreds of thousands of mg/L (DFO 2000; Robertson et al. 2006). Therefore, the predicted maximum 

increases in organic TSS in the flooded, lentic areas of the reservoir in Year 1 could result in sub-lethal 

effects to fish, but estimated concentrations are well below acute toxicity levels. Sub-lethal effects may 

include alterations in behaviour, such as feeding and predation, growth, and condition.  

Increases in organic TSS are predicted to decrease rapidly after initial full impoundment. As described in 

the PE SV, Section 7, maximum concentrations of organic TSS in the peat transport zones are predicted 

to range from less than 1 to 4 mg/L in Year 2 and by less than 1 to 1 mg/L by Year 5. Therefore, it is 

expected that increases in TSS would remain within the chronic Manitoba PAL water quality objective 

and CCME PAL guideline (5 mg/L change from background) by Year 2 of operation. 

There are few studies that have reported the acute or chronic toxicity of TSS to fish species represented 

in the Aquatic Environment Study Area. Lawrence and Scherer (1974) reported that the 96-hour lethal 

concentration (LC50) for lake whitefish (Coregonus clupeaformis) was 16,613 mg/L. McKinnon and Hnytka 

(1988) found relatively high increases in TSS (instantaneous maximum = 3,524 mg/L and 1-day average 

concentration = 524 mg/L) caused by winter pipeline construction did not have any direct effect (no 

downstream emigration and no mortalities) on the fish community of Hodgson Creek, NT. This study is 

notable as four of the fish species found in Hodgson Creek - northern pike (Esox lucius), lake chub 

(Couesius plumbeus), longnose sucker (Catostomus catostomus), and burbot (Lota lota) - are also found in the 

Aquatic Environment Study Area. 

As indicated in Section 5.4.2, northern pike may spawn in the nearshore areas of the Keeyask reservoir, 

even during the initial years of operation. Therefore, early life history stages of northern pike may be 

exposed to elevated concentrations of TSS for several years post-impoundment. No information on the 

acute or chronic toxicity of TSS to northern pike eggs or larvae could be located. Information for early 

life history stages of other species represented in the Aquatic Environment Study Area is also sparse and 

many of the available studies do not differentiate between the effects of suspended particulate materials 

and sediment deposition. However, the available scientific literature indicates a potential for reduced 

hatching success in salmonids exposed to elevated TSS concentrations on the order of two months or 

more, at concentrations ranging from 6.6–157 mg/L (Table 2-17). In addition, northern pike eggs would 

also be exposed to the combined effects of sedimentation and elevated TSS. Therefore, should northern 

pike spawn in the nearshore, flooded areas of the reservoir in the initial years of operation where organic 

TSS will be notably elevated, reduced hatching success of northern pike eggs is likely. 

Conversely, elevated TSS and turbidity can provide benefits to some fish species and life history stages. 

Reduced water clarity can reduce the risk of predation by visual predators, which in turn can enhance 

survival of juvenile fish (e.g., Sweka and Hartman 2003) and may favour planktivorous fish (De Robertis et 

al. 2003). Alternatively, increased TSS and turbidity may be detrimental to visual predators (De Robertis et 
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al. 2003). Therefore, nearshore areas may favour some fish species and/or life history stages during the 

initial years of operation when TSS is notably elevated. 

The Manitoba and CCME guidelines for drinking water refer to turbidity and not TSS and are intended 

to be applied to treated water. Both guidelines indicate very low permissible levels (i.e., 0.3/1.0/0.1 NTU) 

which are currently not met anywhere in untreated surface waters in the study area and effects of the 

Project will not change the occurrence of these exceedances.  

There is no Manitoba recreational guideline for TSS or turbidity. The recreational guideline suggested by 

Health and Welfare Canada (1992) is 50 NTU and is intended to ―satisfy most recreational uses, including 

boating and swimming‖ from the perspective of provision of adequate visibility through the water from a 

safety perspective (e.g., to facilitate visibility of subsurface hazards). While TSS is generally correlated to 

turbidity, the precise relationship is typically highly site-specific and absolute turbidity measurements are 

dependent upon the methods used for measurement. Therefore, a quantitative prediction of Project 

effects on turbidity and subsequent comparison to the suggested Health and Welfare Canada (1992) 

recreational guideline cannot be readily made. However, it is assumed that turbidity will exceed 50 NTU 

in nearshore flooded areas that are exposed to peatland disintegration and mineral erosion, at a minimum 

periodically during Year 1 of operation.  

2.5.2.2.6 Organic Carbon 

Organic carbon is commonly increased in newly formed reservoirs due to decomposition and leaching of 

flooded organic materials. For example, Jackson and Hecky (1980) reported that OC was higher in 

―backwater‖ areas of Stephens Lake, Notigi Lake, SIL, and the reservoir of the Kelsey GS in the 1970s 

due to the effects of flooding and increased water residence times. Similarly, Moore et al. (2003) reported 

increases in DOC in an impounded wetland caused by decomposition of plant tissues and peat.  

There is some indication that DOC increased in the offshore area of the north arm of Stephens Lake in 

the initial years post-flood, but concentrations measured in recent years in the offshore area are similar to 

those measured in the southern area of the lake and other sites on the Nelson River. The increases in the 

offshore area observed in the 1970s were also relatively small - approximately 1–4 mg/L higher than 

observed in the southern mainstem area. DOC and TOC continue to be somewhat higher in isolated 

backbays in Stephens Lake relative to offshore areas, reflecting the inputs of the small tributary drainages 

in these areas. TOC and DOC are notably higher in large, but particularly in small, tributaries to the lower 

Nelson River and associated lakes, relative to the mainstem of the Nelson River (Figure 2-9). In addition, 

DOC and TOC are typically higher in waterbodies with high proportions of peat in their drainage basins 

and peat lakes generally contain high concentrations of OC in water (e.g., Faithfull et al. 2006; Kortelainen 

1993). 

It is expected that creation of the reservoir will increase TOC and DOC in the water column due to 

decomposition of flooded organic materials (i.e., peat), increases in organic TSS (i.e., particulate peat), and 

increased water residence times (see PE SV, Section 4). As discussed in various sections herein, increases 

in DOC/TOC may also affect the internal cycling and availability of other water quality variables and 

affect light availability.  
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Effects of the Project would be greatest in nearshore flooded areas, particularly in environments with 

long residence times and low mixing. As for other water quality parameters, increased DOC/TOC would 

be most pronounced during the initial years following creation of the reservoir and would decline 

thereafter as labile organic matter is decomposed and as the rate of peatland disintegration decreases. 

Backbay areas that receive local runoff/drainage from surrounding peatlands would be expected to 

exhibit higher concentrations of DOC and TOC than the mainstem of the reservoir over the long-term, 

due to the influence of these drainages. Currently, DOC/TOC concentrations are somewhat higher in 

backbay areas of Stephens Lake relative to the offshore areas.  

It is not expected that DOC or TOC would increase notably in the mainstem of the reservoir and 

increases would likely be undetectable in offshore, lotic habitat. Concentrations of DOC measured in the 

southern mainstem area of Stephens Lake following creation of the reservoir (1972) were similar to 

concentrations measured on the Nelson River upstream of the lake. In addition, while TSS 

concentrations are predicted to decrease along the mainstem of the reservoir, TOC is not currently 

correlated to TSS along the mainstem of the Nelson River (Figure 2H-40). Therefore, no changes to 

TOC are anticipated in the main flow of the reservoir. 

There are no Manitoba or CCME guidelines for organic carbon for the protection of aquatic life, 

recreation, or drinking water. 

2.5.2.2.7 True Colour 

True colour, which increases with the content of humic and fulvic acids, is typically high in peatland 

drainages and dystrophic lakes (e.g., Faithfull et al. 2006). Waters in such areas are brown or tea-coloured 

due to the introduction of humic and fulvic acids from the terrestrial vegetation. DOC and TOC are 

typically positively correlated to water colour and the concentration of TOC in lakes has been related to 

the area of peatlands in the surrounding drainage basins (e.g., Kortelainen 1993). TOC and true colour are 

strongly positively correlated in the north arm of Stephens Lake (Figure 2H-42) and DOC notably 

increased in the ELARP Lake 979 experimentally flooded peatland (Paterson et al. 1997). As the Keeyask 

reservoir will inundate a substantive quantity of peat and will increase water residence times in flooded 

bays (see PE SV, Section 4), true colour is expected to increase in these areas, most notably in isolated 

shallow backbays. As indicated in Section 2.4.2.1, true colour measured in all but one sample collected 

along the mainstem of the study area (from Split Lake to the estuary) during the Keeyask environmental 

studies was at or above the Manitoba/CCME aesthetic drinking water quality objective (less than or equal 

to 15 NTU). Therefore, the Project would be expected to increase the magnitude of exceedances of this 

aesthetic objective in flooded bays, most notably in shallow, isolated areas. 

Effects of flooding on true colour along the mainstem of the reservoir, notably in deep, lotic areas, are 

expected to be negligible due to the large volume of water and the short water residence times. 

Conversely, the predicted reductions in TSS along the mainstem of the reservoir may lead to small 

reductions in colour. However, as true colour and TSS are only weakly correlated along the mainstem of 

the Nelson River the changes in TSS are not expected to result in detectable changes in this parameter. 

There are no Manitoba or CCME guidelines for true colour for the protection of aquatic life or 

recreation. 
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2.5.2.2.8 Water Clarity 

Water clarity, which can broadly be defined as the depth of light penetration in a waterbody, is a function 

of dissolved and suspended substances in water. As such, it is commonly described using various direct 

and indirect measures of light penetration (e.g., Secchi disk depths, light attenuation profiles). TSS  

(a measure of the suspended solids in water) and turbidity (a composite measure of light scattering in a 

waterbody that is typically related to TSS) affect light penetration and thus water clarity. In addition, 

organic matter (measured as DOC/TOC), in particular humic and fulvic acids which impart brown 

colouration (measured as true colour) to surface waters, may reduce water clarity. All of these parameters 

are expected to be affected in the Keeyask reservoir through a variety of pathways.  

As discussed above, particulate materials (i.e., collectively measured as TSS) are expected to increase in 

isolated, flooded bays, notably in Year 1, in the reservoir thereby reducing water clarity. Similarly, 

turbidity, which is correlated to TSS and which will be affected by increases in both suspended and 

dissolved substances, will increase in these areas.  

Lastly, DOC and true colour will increase in the flooded bays as a result of leaching and decomposition 

of flooded organic materials and suspended organic materials introduced from peatland disintegration 

and resuspension. Increased concentrations of organic matter and true colour are observed in 

hydroelectric reservoirs following flooding, downstream of natural peatlands and peat mining areas, and 

in natural lakes with significant quantities of peat in the drainage basins. Increases in colour (i.e., humic 

and fulvic acids) and DOC in reservoirs and natural lakes has been shown to reduce light penetration as 

well as the light spectrum (e.g., Hakanson 1995; Gorniak et al. 1999, 2002; Faithfull et al. 2006).  

Effects of flooding and peatland disintegration are not expected to extend into the mainstem of the 

reservoir (i.e., offshore, lotic habitat). However, alterations in the water regime are predicted to cause 

reductions in concentrations of TSS along the main flow in the reservoir, which will in turn increase 

water clarity. This effect would be greatest under high flows when TSS is predicted to decrease by nearly 

50% as a result of the Project.  

Collectively, water clarity will be reduced in the flooded bays in the reservoir but will be slightly increased 

along the mainstem of the reservoir. Effects in the flooded bay areas would be greatest in Year 1 and 

would decline thereafter as peatland disintegration declines and as flooded, labile carbon is decomposed. 

Increased water clarity along the mainstem would be a long-term effect as it is related to an altered water 

regime and reservoir morphometry.  

Manitoba and CCME guidelines for PAL, drinking water, and recreation relating to TSS and turbidity are 

discussed in the previous section. Health and Welfare Canada (1992) also recommends a recreational 

water quality guideline for water clarity based on Secchi disk depth (1.2 m minimum). Secchi disk depths 

currently exceed this guideline in the study area and the Project will increase the magnitude of exceeding 

this guideline in backbays where TSS is predicted to be increased, most notably in the initial years of 

operation. Along the mainstem of the reservoir, water clarity will increase and the recreational water 

quality guideline may be met in this area as a result of the Project. 
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2.5.2.2.9 Nutrients 

Nutrient concentrations in the Keeyask reservoir may be affected by leaching from, and decomposition 

of, flooded organic materials, through changes in concentrations of organic and inorganic TSS (which 

include nutrients) related to erosion and peatland disintegration, changes to sedimentation, and due to 

changes in the water regime (e.g., increased water residence times in the nearshore areas). The following 

provides a discussion of the available scientific literature, including information on effects observed in 

other Manitoba reservoirs, notably Stephens Lake, and a summary of results of a nutrient modelling 

approach developed to estimate the magnitude of nutrient increases expected due to the Keeyask Project. 

Predicted Changes in Nutrients Based on Scientific Literature 

Numerous studies have demonstrated a temporary increase in nutrients in reservoirs following 

impoundment, including reservoirs in Manitoba (e.g., SIL: Hecky et al. 1987a; Notigi Lake: Hecky et al. 

1987a; Stephens Lake: See Section 2.4.3.2 and Appendix 2E). In general, effects of reservoir creation on 

nutrient concentrations are related to the relative amount of flooded area, the nature of the flooded 

materials (e.g., organic matter content), reservoir morphometry, and hydrological considerations. 

Information gathered from Stephens Lake indicates that nutrients, most notably phosphorus, were higher 

in the northern arm in the initial years post-flood (i.e., 1972 and 1973) relative to the southern mainstem. 

While pre-Kettle GS water quality data are not available, the relative differences in nutrient 

concentrations in the north arm versus the southern mainstem in the early years post-impoundment, as 

well as the observed decrease in nutrients in the north arm over time, suggest the higher concentrations 

observed in the early 1970s reflect the effects of impoundment. Nutrient concentrations decreased in the 

north arm within approximately 15 years post-impoundment. 

Similar periods for elevated nutrient concentrations in hydroelectric reservoirs have been reported by 

others (e.g., Hayeur 2001), with recovery to a natural state reportedly occurring approximately 10–15 years 

post-flood. However, in some cases, concentrations of phosphorus declined below those occurring pre-

impoundment and the reservoir became less nutrient-rich than prior to inundation (e.g., Stockner et al. 

2000). This may occur, for instance, where sedimentation is higher post-impoundment, which results in 

greater settling of nutrients in the sediments. Without pre-project data for Stephens Lake, it is not known 

if the current concentrations of TP are lower than they were pre-impoundment. However, that nutrient 

concentrations are currently lower in the north arm of the lake than in the southern mainstem, coupled 

with the temporal changes observed in this area and nutrient concentrations observed in a nearby off-

system lake (Assean Lake), suggests that nutrients may be lower in the north arm of Stephens Lake than 

pre-impoundment. 

The greatest observed changes in nutrients, and other variables, in newly flooded reservoirs are typically 

observed over the flooded terrestrial habitat and nutrient gradients are often reported from flooded areas 

out into the main body of the reservoir. Spatial gradients in water quality conditions of the north arm of 

Stephens Lake are still observed today and similar gradients were reported in Lake 979 following 

inundation of a peatland (Paterson et al. 1997). The available information for Stephens Lake indicates that 

nutrient concentrations in the mainstem of the reservoir (i.e., the southern riverine portion) were largely 
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unchanged with creation of the Kettle reservoir, as conditions were similar upstream and downstream of 

the reservoir 2–3 years post-flood and in the decades to follow. 

It is expected that forms of nutrients released from leaching of flooded peat would be dominated by 

dissolved forms, although introduction and resuspension of settled mineral and organic sediments from 

erosion and disintegration of shorelines may result in a greater amount of suspended particulate nutrients. 

DP appears to have notably increased in the north arm of Stephens Lake following inundation 

(Appendix 2E). Conversely, decomposition of peat would also increase the DOC, and, in particular, 

humic and fulvic acids, in surface waters and these substances can form complexes with phosphorus, 

ammonia, and metals. These complexes, in turn, are believed to limit the bioavailability of nutrients to 

primary producers in some environments, thus attenuating the potential for eutrophication. Paterson et al. 

(1997) suggested that binding of phosphorus by organic complexes may have contributed to low primary 

production observed in Lake 979 immediately following impoundment of a peatland. DOC additions 

have even been explored as a mitigation method to reduce the effects of elevated phosphorus on the 

growth of phytoplankton (Faithfull et al. 2006). In general, low productivity in dystrophic lakes (lakes 

characterized by high concentrations of humic matter, brown water, and low productivity and that are 

often acidic) is believed to be a result of limited light (due to the coloured nature of the water) and 

binding of nutrients to DOC.  

Chemical processes may release nitrogen and phosphorus at a greater rate if the sediment-water interface 

is anoxic (e.g., Devito and Dillon 1993; Carignan and Lean 1991). Under anoxic conditions, phosphorus 

bound to iron oxides and hydroxides in sediments is released and high rates of benthic phosphorus fluxes 

often occur in wetlands under anoxic conditions (e.g., Faithfull et al. 2006; Aldous et al. 2005). Conversely, 

decomposition of organic materials is generally reduced under anoxic conditions – a process that allows 

for peat to accumulate and for nutrient retention to occur in wetlands (e.g., Duff et al. 2009). Lower rates 

of benthic phosphorus flux have been observed under anaerobic conditions in wetlands (e.g., Fisher and 

Reddy 2001). As anoxic conditions are expected to occur in shallow, flooded habitat in the Keeyask 

reservoir in winter, larger benthic nutrient fluxes may occur in these areas over winter.  

Literature pertaining to the effects of peat mining on nutrient loading to downstream watercourses 

similarly indicates that the majority of nitrogen leached from peatlands is the inorganic form (Sallantaus 

1983 in Svahnback 2007 indicates that 50–70% of total nitrogen leached from peat production areas is 

inorganic), with ammonia particularly dominating. The dominant form of inorganic nitrogen that is 

expected in the surface waters of the Keeyask reservoir is dependent upon the oxygen status; typically, 

runoff from peatlands or surface waters overlying peat contains more ammonia than nitrate or nitrite 

when the waters are anoxic and acidic. For example, high ammonia concentrations occur in dystrophic 

lakes with anoxic and acidic conditions (e.g., Gorniak et al. 1999). Additionally, denitrification occurs 

under anaerobic conditions, which might decrease the nitrate concentrations and overall concentrations 

of nitrogen. Therefore, ammonia would be expected to dominate over nitrate in anoxic and hypoxic areas 

(see section on DO for a description of these areas). In winter, where anoxia or hypoxia is predicted to 

develop during the operation period (see section on DO), ammonia may be the more dominant form of 

nitrogen present. Although inorganic forms of nitrogen are those used by aquatic plants and algae, 

organic nitrogen (ON) may be released from flooded soils, as has been observed in some flooded peat 

areas (Duff et al. 2009). 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY 2-73 

Results of Nutrient Modelling for the Keeyask Reservoir 

Estimation of the precise concentrations of nutrients in the Keeyask reservoir immediately post-flood is 

difficult due to the complexities of, and uncertainties associated with, the pathways that are expected to 

alter nutrients. However, in consideration of the importance of nutrients in aquatic ecosystems, mass-

balance modelling was undertaken to provide an estimate of the potential magnitude of nutrient increases 

that may occur in the Keeyask reservoir. Two primary pathways considered in detail were: 

 Increase in TN and TP in the water column due to increases in suspended organic materials that may 

arise from peatland disintegration (i.e., ―organic TSS pathway‖); and 

 Increase in TN and TP in the water column due to leaching and decomposition of flooded peat 

(―flooded peat pathway‖). 

The following provides a summary of the results of this modelling; a detailed description of the methods 

and results of the modelling exercise is provided in Appendix 2F. Information regarding the effects of 

the Project on organic TSS is presented in the PE SV, Section 7, and summarized in Section 2.5.2.2. 

Collectively, TP and TN are predicted to be measurably increased in the water column in flooded bays, 

notably shallow, isolated areas, in the Keeyask area as a result of increases in organic TSS (i.e., particulate 

peat) and due to leaching and decomposition of flooded organic materials (mostly peat and surface 

litter/vegetation; Table 2-18 and Table 2-19, respectively). Conversely, the combined predicted changes 

from these two pathways indicate that increases in TP and TN are not expected to be detectable in the 

main flow areas (i.e., mainstem) of the reservoir where residence times are low and dilution would be high 

(i.e., peat transport zones 1–3). Predicted increases in TP and TN for the mainstem areas (peat transport 

zones 1–3) are on the order of 1–2 micrograms per litre (µg/L) and 2–5 µg/L above background, 

respectively. In addition, TP concentrations may actually slightly decrease along the mainstem of the 

reservoir due to predicted decreases in TSS, as TP is correlated with TSS. 

TN and TP concentrations will be elevated in flooded bays, most notably in the initial years post-

impoundment, and concentrations will likely decrease with distance from shore. These effects would be 

detectable and concentrations may be notably higher than existing conditions in the lower Nelson River 

and Gull Lake area. Increases of the order of 50–100% for TP could occur, on average, in these areas. TP 

was approximately 200–300% higher in the offshore area of the north arm of Stephens Lake relative to 

the southern portion of the lake, as well as upstream and downstream of the lake, in the initial years 

following creation of the reservoir (1972 and 1973; see Appendix 2E). Conversely, mass-balance 

modelling indicates higher increases in TN (on the order of 100–200%) in the flooded bay areas of the 

Keeyask reservoir than was observed in the north arm of Stephens Lake in 1972 and 1973 

(concentrations were approximately 11–50% higher than mainstem sites on the river). However, as 

discussed in Appendix 2E, measurements of nitrogen may have been underestimated in these historical 

studies. 

After Year 1 of operation, peatland disintegration is predicted to drop substantively and organic TSS 

concentrations would be considerably lower in surface waters. Mass-balance modelling indicates that the 

increases in TP that would be associated with the organic TSS would not be detectable in Year 5 should 
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this process occur uniformly over the open water season. As nitrogen is more abundant in the peat than 

phosphorus, increases in TN due to organic TSS in Year 5 may be detectable, but considerably lower 

than in the initial years of operation.   

Effects due to both peatland disintegration (i.e., organic TSS pathway) and flooding would be greatest in 

Year 1 of impoundment, declining thereafter. The relative influence of the two pathways varies 

depending on the area of the reservoir due to differences in water volumes, area of flooded peat, and 

loads of organic TSS that would be introduced from peatland disintegration. Furthermore, as peatland 

disintegration may be episodic, the relative importance of each pathway would also likely vary over time. 

In addition, the fraction of TN and TP present in dissolved forms would likely vary spatially and 

temporally as decomposition of flooded peat would result in the introduction of more bioavailable forms 

of nutrients and would be more continuous. Effects related to organic TSS are expected to be more 

episodic and to fluctuate according to the rate and timing of disintegration events as well as to settling 

rates, wind, and wave action. Higher benthic fluxes of nutrients may also occur in winter where anoxic 

conditions develop. 

Effects of Changes in Mineral TSS on Nutrients 

As presented in the PE SV, Section 7, mineral TSS is predicted to decrease with the Project in most areas 

of the Keeyask reservoir, including the mainstem, lotic area. Predicted decreases in mineral TSS are 

approximately 2–4 mg/L under 50th percentile flows and 11 mg/L under 95th percentile flows in the 

immediate reservoir (i.e., offshore, deep area upstream of the GS). TP and TSS are positively correlated 

while TKN is only weakly correlated to TSS across the study area (Figure 2H-41). In addition, 

concentrations of TKN are currently very similar along the southern portion of Stephens Lake, despite 

observed decreases in TSS and TP over this area, indicating that TKN is not measurably affected by 

sedimentation in Stephens Lake. Therefore, the predicted decreases in TSS along the mainstem of the 

reservoir will likely result in slightly lower concentrations of TP, but would not likely substantively alter 

TKN concentrations. 

Effects of Floating Peat Islands on Nutrients 

In addition, production of floating peat islands due to peat resurfacing also has the potential to affect 

water quality, particularly in localized areas surrounding the islands themselves. Peatland flooding 

experiments conducted at the Experimental Lakes Area (ELA) have indicated that the formation of peat 

islands may increase the temperatures within the peat islands themselves, thus leading to enhanced decay 

(McKenzie et al. 1998). The precise effects of peat islands on local water chemistry and nutrient 

concentrations will depend upon the locations of the islands (e.g., water depths), the areal extent of the 

islands, and local conditions such as water residence times and limnology (e.g., occurrence of 

stratification). However, higher nutrient concentrations may occur in the vicinity of peat islands. 

Comparison to MWQSOGs and CCME Guidance for the Management of Phosphorus 

Phosphorus is generally regarded as the most limiting nutrient in freshwater ecosystems. TP 

concentrations are currently above the Manitoba narrative guideline (MWS 2011) in the study area and 

the Project will result in a greater magnitude of exceedances of this guideline in flooded bays. The CCME 
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(1999; updated to 2012) has provided guidance for management of phosphorus in freshwater ecosystems. 

The CCME specifies two triggers for assessing and minimizing risk associated with phosphorus 

enrichment: (1) the maintenance of a trophic category, defined on the basis of TP concentrations; and  

(2) an increase less than or equal to 50% above background TP concentrations. Application of the 

CCME (1999; updated to 2012) trophic categorization scheme to the existing environment indicates that 

the lower Nelson River and Gull Lake areas are currently ―eutrophic‖ (TP is within the range of  

0.035–0.100 mg/L). The first trigger would therefore be to maintain TP concentrations below 0.1 mg/L 

(the boundary of the next trophic category – ―hyper-eutrophic‖). Model predictions indicate that on 

―average‖ TP will not exceed this trigger in the flooded bays (i.e., peat transport zones 4–5 and 7–13) or 

along the main flow of the reservoir (i.e., peat transport zones 1–3). However, it is likely that 

concentrations would exceed 0.1 mg/L in some nearshore areas over flooded terrestrial habitat due to 

reduced dilution and high residence times and/or during episodic high wind/wave events. These 

conditions would most likely occur in shallow, isolated areas located over flooded peat and/or during 

episodic increases in organic TSS. 

The second CCME phosphorus management trigger (an increase of more than 50% in TP above 

background) is likely to be exceeded on average in flooded bays with poor mixing, large amounts of 

flooding and peatland disintegration, and long residence times. These areas would likely include the lentic 

peat zones 4–5 and 7–13, but effects would likely be greatest in zones 4, 8, and 11. As TP is not expected 

to measurably change in the main flow of the reservoir (lotic areas and areas with relatively short water 

residence times), it is not expected that TP would exceed either CCME trigger in these areas (i.e., peat 

zones 1–3).  

Nutrients: Synthesis of Effects Assessment 

Overall, based on the linkages between the Project and water quality, the quantity of peat that would be 

flooded by the Project, the predicted effects of peatland disintegration, consideration of observed effects 

in the adjacent Stephens Lake, the wealth of scientific literature on the effects of flooding on nutrients, 

and the modelling results, it is expected that nutrients (N and P) will increase in isolated, flooded areas of 

the reservoir. It is further expected that the effects, like other effects to water quality, would be greatest in 

shallow, flooded habitat with long residence times and would exhibit a gradient of decreasing 

concentrations from shore out into the mainstem of the reservoir. It is also expected that phosphorus 

and ammonia may be higher in anoxic areas of the reservoir in winter. In addition, localized increases in 

nutrients may occur in the vicinity of floating peat islands. The increases in nutrient concentrations are 

expected to be moderate to large and increases in TP are likely to exceed one or both of the CCME 

phosphorus management triggers, in the nearshore, isolated, flooded bays. 

Effects of flooding and peatland disintegration on nutrients in the mainstem of the reservoir are expected 

to be negligible due to the large volume of flow and short residence times; small reductions in TP may 

occur in association with reductions in concentrations of mineral TSS. This is further substantiated by the 

available information for Stephens Lake which indicates that nutrient concentrations in the mainstem of 

the reservoir (i.e., the southern riverine portion) were likely largely unchanged with creation of the Kettle 

reservoir, as conditions were similar upstream and downstream of the reservoir 2–3 years post-flood and 

in the decades to follow. 
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While the modelling exercise was based on concentrations of TP and TN in peat (and therefore may be 

somewhat conservative), it is anticipated that decomposition of flooded organic materials will result in 

the introduction of dissolved nutrients, which are generally more bioavailable. Increases in DP were 

notable in the northern arm of Stephens Lake after inundation (Section 2.4.3.2 and Appendix 2E) and 

benthic fluxes of phosphorus from lake and reservoir sediments and peat are generally in dissolved 

inorganic forms. Therefore, this pathway is important from a biological perspective as it may result in 

increases in nutrients in forms that are readily available to primary producers.  

However, numerous studies have demonstrated that nutrients are bound by OC — notably humic and 

fulvic acids — thus reducing the bioavailability to aquatic plants and algae (e.g., Faithfull et al. 2006; Jones 

et al. 1988). Therefore, dystrophic (i.e., peat-influenced lakes) lakes frequently exhibit lower levels of 

primary productivity (or trophic status) than would be predicted on the basis of nutrient concentrations 

(Faithfull et al. 2006). As indicated above, Paterson et al. (1997) suggested that binding of phosphorus by 

organic complexes may have contributed to low primary production in Lake 979 immediately following 

impoundment. Therefore, the effects of increases in nutrients on primary production may be somewhat 

mitigated in the Keeyask reservoir due to concomitant increases in DOC. 

It is difficult to predict precise estimates of concentrations of ammonia and nitrate associated with 

flooding. However, it is expected that both parameters will increase in the flooded backbays. 

Concentrations of nitrate ranged from less than 0.005 to 0.118 mg N/L and averaged 0.036 mg N/L at 

sites from Clark Lake to Stephens Lake in 2001-2004. Nitrate is therefore on average two orders of 

magnitude lower than the MWQSOG and CCME PAL guideline (2.93 mg N/L) and it is not expected 

that the Project would result in exceedances of these guidelines in most or all areas of the flooded 

terrestrial habitat. The drinking water quality guideline is higher (10 mg N/L) than the PAL guideline and 

is not expected to be exceeded in the reservoir. Similarly, concentrations of ammonia ranged from less 

than 0.002 to 0.040 mg N/L and averaged 0.010 mg N/L at sites from Clark Lake to Stephens Lake in 

2001–2004. Like nitrate, it is not expected that ammonia would exceed the CCME and MWQSOG PAL 

objectives/guidelines in particular given the anticipated decrease in pH in these areas, as the toxicity of 

ammonia decreases and the PAL guidelines increase with decreasing pH.   

Based on decades or research pertaining to reservoirs and nutrients, it is anticipated that increases in 

nutrients would be most pronounced in the first several years post-flood, decreasing thereafter, and likely 

stabilizing in approximately 10–15 years. Reductions in nutrients over time would occur in accordance 

with decomposition of organic materials — with labile forms decomposing rapidly followed by slow 

decomposition of refractory materials — as well as the projected reductions in disintegration of peat over 

time. In addition, overall retention of nutrients may increase over time once aquatic plants are established 

in the nearshore areas and nutrients become buried in accumulated detritus (Duff et al. 2009). 

2.5.2.2.10 Conductivity/Total Dissolved Solids 

Similar to other water quality parameters, conductivity and TDS are expected to increase in the nearshore 

areas over flooded habitat in the Keeyask reservoir, but would remain similar to existing conditions along 

the mainstem of the reservoir. Effects would arise from decomposition/leaching of flooded organic 

materials as well as due to disintegration of peatlands in conjunction with increased water residence times. 

Like other water quality effects, these increases would be greatest in Year 1 and would decrease thereafter 
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as peatland disintegration declines and the labile carbon fraction of flooded peat is decomposed. In 

addition, conductivity/TDS may be somewhat higher at depth during periods of stratification. There are 

no Manitoba or CCME guidelines for PAL or recreation for conductivity or TDS. Currently, TDS 

averages less than 200 mg/L and it is not expected that TDS will increase to concentrations that would 

exceed the Manitoba or CCME aesthetic drinking water quality objective of 500 mg/L in most or all 

areas of the reservoir. To be conservative, it has been assumed the aesthetic objective may be exceeded in 

at least some areas of the isolated backbays over flooded terrestrial habitat during the initial years of 

operation. 

2.5.2.2.11 Metals 

The effects of the Projection operation on metals were assessed through consideration of the scientific 

literature and mass-balance modelling. 

Predicted Changes in Metals Based on Scientific Literature 

Concentrations of metals in the Keeyask reservoir may be affected by decomposition of and leaching 

from flooded organic materials, introduction of particulate matter from erosion of mineral solids and 

decomposition of organic soils, changes in limnological conditions that may affect cycling of metals (e.g., 

DO concentrations, pH), water residence times, and alterations to sediment transport and deposition.  

Of the various metals and metalloids, mercury is of particular concern with respect to hydroelectric 

development. Flooding of terrestrial organic matter typically results in increased methylation of 

inorganic mercury (e.g., Hall et al. 2005) and, as discussed in Section 7, ultimately leads to trophic 

biomagnification in aquatic food webs. An assessment of bioaccumulation/biomagnification of mercury 

in fish related to the Project is described in Section 7.2.4.2. Effects of Project operation on mercury in 

sediments is provided in Section 2.6.4.2. 

With respect to water quality, the substantive effect of flooding on mercury in water is a change in the 

form of mercury (i.e., increases in the fraction of methylmercury), rather than changes in total mercury 

concentrations. Total mercury concentrations are not greatly increased in surface waters following 

reservoir creation (e.g., Kelly et al. 1997; EC and DFO 1992; Hall et al. 2005) and large increases are not 

anticipated in the Keeyask reservoir on the basis of the available literature. Ramsey (1991b) and EC and 

DFO (1992) reported that concentrations of mercury in water were not higher in reservoirs along the 

CRD route following diversion, relative to an upstream lake (Granville Lake). In addition, the mean 

concentration of mercury measured in surface peat from the study area is similar to concentrations of 

mercury measured in 1981–82 in unflooded peat adjacent to lakes along the CRD and in flooded peat in 

lakes along the CRD (Bodaly et al. 1987).  

Conversely, flooding generally results in a greater relative and absolute concentration of methylmercury in 

aquatic ecosystems, although the concentrations generally remain relatively low in the water column (e.g., 

Kelly et al., 1997). For example, concentrations of methylmercury were higher in CRD reservoirs in  

1981–1982 than in Granville Lake (EC and DFO 1992). Ramsey (1991b) further reported that 

concentrations of methylmercury were notably higher over flooded areas.  
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Methylation of mercury in flooded soils depends on various factors, but is typically highest under anoxic, 

acidic conditions. Methylmercury production is also related to the quantity and nature of flooded organic 

matter, generally increasing with increasing OC. However, the quantity of labile versus recalcitrant 

organic matter also affects methylation rates. For example, Hall et al. (2005) reported similar rates of 

methylmercury production in flooded upland forests (FLUDEX studies) with lower quantities of carbon 

than the peatlands flooded in the ELARP studies. It was postulated that this was related to the more 

recalcitrant nature of peat organic matter. Therefore, while the overall quantity of OC may be higher in 

peatlands, degradation and methylmercury production rates may be reduced relative to other soils. That 

is, the total amount of readily degradable OC appears to be the most pertinent factor determining rates of 

overall degradation and methylmercury production in freshwater systems. Methylmercury production 

rates from experimental wetland and upland reservoirs at the ELA, ON began to decrease over the first 

three years of flooding (Hall et al. 2005). 

There is some indication that sediment resuspension and erosion in hydroelectric reservoirs may enhance 

the trophic transfer of mercury in aquatic ecosystems by enhancing the bioavailability of mercury to 

detritus-feeders (Hecky et al. 1987b; Mucci et al. 1995). Conversely, despite a relatively high concentration 

of mercury in particulate peat materials released from a peat mine that had settled on a stream bottom, 

Surette et al. (2002) did not observe higher concentrations of mercury in feral fish or transplanted blue 

mussels in an area impacted by a commercial peat moss operation, relative to a reference site. Surette et al. 

(2002) also reported that concentrations of dissolved mercury were low indicating that introduction of 

suspended peat materials did not result in a notable increase in the dissolved fraction of mercury. 

Similarly, Mucci et al. (1995) have shown that dissolved mercury may actually decrease due to peatland 

erosion and/or resuspension of organic particulates due to scavenging by the suspended particulate 

materials. 

Decreases in pH that may occur in flooded bays would also favour the release of metals from the 

sediments. The capacity of peat to sorb metals (and other substances) is dependent on pH, generally 

decreasing with increasing acidity (e.g., Couillard 1994; Ringqvist and Oborn 2002). Generally, the pH of 

Sphagnum peat and Carex peat is between 4 and 5 and 5 and 6, respectively (Ringqvist and Oborn 2002), 

and the chelating capacity of peat decreases below a pH of approximately 3 (Couillard 1994). Areas of 

the Keeyask reservoir that would become anoxic in winter may also exhibit higher concentrations of 

manganese and iron in surface water, relative to the open water season, as these metals are released from 

sediments under anoxic conditions. Lastly, there is some indication that the adsorptive capacity of peat is 

reduced by drying (reviewed in Couillard 1994). Therefore, the area of peat that would be subjected to 

periodic drying due to fluctuating water levels under the peaking mode of operation may release a greater 

quantity of metals and/or at a greater rate than areas that are permanently flooded. 

Results of Modelling for the Keeyask Reservoir and Assessment of Effects to Aquatic Life: 

Metals 

Mass-balance modelling was used to estimate the potential magnitude of increases in metals due to 

peatland erosion and disintegration and flooding. The intent of this exercise was to determine if these 

pathways would likely lead to exceedances of water quality guidelines for the protection of aquatic life 

and drinking water. There are currently no Manitoba or CCME recreational guidelines for metals. The 
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methods and approach taken were consistent with those applied for nutrients, with the exception that 

ratios of carbon: metals in peat were applied in this instance. A detailed description of the methods and 

results of this modelling is presented in Appendix 2F. The following provides an overview of the mass-

balance model results for the organic TSS and flooded peat pathways of effect collectively.  

Considering the results of the mass-balance models collectively, the following predictions can be made 

regarding changes in metal concentrations in surface waters in the Keeyask reservoir (Table 2-20 and 

Table 2-21): 

 Increases in most metals are predicted to be less than 5% above background and are therefore not 

expected to be detectable along the main flow of the reservoir (zones 1–3); 

 Results of a sampling program conducted in the Keeyask area in 2011 indicate total mercury is below 

analytical detection limits.  The Project could potentially cause increases in mercury that result in 

exceedances of this analytical detection limit (i.e., 0.000001 mg/L) along the main flow of the 

reservoir. However, modelling indicates total mercury is not expected to increase above the Manitoba 

or CCME PAL guideline of 0.000026 mg/L;  

 Increases in many metals (antimony, arsenic, beryllium, bismuth, chromium, copper, molybdenum, 

nickel, selenium, silver, sodium, tin, vanadium, and zinc) are not expected to be detectable in many or 

all of the more isolated peat transport zones; 

 The largest increases in metals due to flooding are expected in zones 4, 8, and 9 where the ratios of 

flooded peat: water volume are highest. Conversely, effects related to peatland disintegration/erosion 

are expected to be greatest in zones 7, 8 and 11 (note zone 4 not modelled for this pathway). 

Considered collectively, the largest increases in metals are predicted to occur in zones 4, 8, and 11 (in 

decreasing order); 

 Most metals (arsenic, chromium, lead, mercury1, molybdenum, nickel, and uranium) currently meet 

Manitoba and CCME water quality objectives and guidelines for the protection of aquatic life in the 

Keeyask area and the combined effects of organic TSS and flooding are not expected to result in 

exceedances of these guidelines for these substances based on mass-balance modelling; 

 Concentrations of aluminum and iron are currently well above Manitoba and CCME water quality 

guidelines for the protection of aquatic life and the Project will increase the magnitude of these 

exceedances; 

 Similarly, selenium and silver occasionally occur at concentrations at or near Manitoba and CCME 

PAL guidelines – although the laboratory analytical DLs are at the guidelines. The Project may cause 

or contribute to exceedances for these parameters. However, the estimated increases in both metals 

                                                      

1 Background total mercury concentrations used for the modeling analysis were defined as the mean concentration 

(0.00000088 mg/L) reported by Kirk and St. Louis (2009) and the mean concentration measured in the study area in 

fall 2011 (i.e., mean was less than 0.000001 mg/L) in order to facilitate comparisons to the revised Manitoba PAL 

guidelines for mercury (MWS 2011). 
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are expected to result in concentrations very near the analytical DL and the effects of the Project on 

these metals is not likely to be detectable; 

 Cadmium, copper, and zinc measured in the Keeyask area were occasionally above the CCME PAL 

guidelines (which are lower than MWQSOGs) and flooding and/or increases in organic TSS may 

cause or contribute to exceedances of CCME guidelines for these metals. It is predicted that the 

Project operation will not result in exceedances of the MWQSOGs for PAL for cadmium, copper, 

and zinc; and 

 Effects of both pathways will decrease over time. Peatland disintegration is expected to decrease 

substantively after Year 1 (PE SV, Section 7) of operation and effects of flooding typically decline 

over time as labile carbon is decomposed. 

The most substantive Project effect on total metals relates to increases in aluminum and iron, which are 

currently well above Manitoba and CCME PAL water quality guidelines along the Nelson River system. 

Although peatland disintegration will contribute to the magnitude of exceedances of Manitoba/CCME 

PAL water quality guidelines for total iron and aluminum, these increases are likely to be largely in forms 

with low bioavailability (i.e., in particulate forms). Dissolved forms of iron and aluminum currently 

comprise small fractions of the total metal concentrations (see Section 2.4.2.1). However, metals may be 

solubilized from the suspended and flooded peat and could contribute to increases in dissolved metals. 

Although leaching and decomposition of flooded peat may increase the concentrations of the dissolved 

fractions of metals, including aluminum and iron, both metals are known to form complexes with DOC 

which is also expected to increase due to the Project. Humic and fulvic acids may reduce the 

bioavailability of metals to aquatic life through formation of metal-DOC complexes (e.g., Gorniak et al. 

1999). Lappivaara et al. (1999) reported that dissolved iron concentrations usually correlate with the 

concentration of dissolved organic matter and that dissolved humic acids have a strong tendency to bind 

with ferrous iron. Guildford et al (1987) demonstrated that binding of iron by DOC reduced 

phytoplankton growth rates in SIL following creation of the CRD. Similarly, Jackson and Hecky (1980) 

reported that primary productivity was strongly inversely correlated to organic matter (as organic carbon) 

and iron in Stephens Lake, Notigi Lake, SIL, and the reservoir of the Kelsey GS in the 1970s. They 

postulated that binding of iron by humic acids reduced primary production. 

In addition, a number of studies have demonstrated that the bioaccumulation and/or toxicity of iron and 

aluminum to fish are lower in humic-rich water. For example, Vuorinen et al. (1998) reported that the 

toxicity of both metals to Arctic grayling (Thymallus thymallus) was negatively correlated with dissolved 

humic materials. Pueranen et al. (2003) reported similar results for Arctic grayling and Roy and Campbell 

(1997) reported similar effects for Atlantic salmon (Salmo salar) exposed to aluminum. Lappivaara et al. 

(1999) reported that the bioaccumulation and toxicity of iron in European whitefish (Coregonus lavaretus) 

was negligible in chronic laboratory exposures using naturally iron-rich humic water (i.e., ―peat water‖). 

Therefore, the effects of increases in iron and aluminum in the nearshore areas of the Keeyask reservoir 

may be attenuated by the concomitant increases in DOC. 

Furthermore, peat has been employed as an absorbent to remove heavy metals, nutrients, and TSS from 

various forms of wastewaters and landfill leachates (e.g., Couillard 1994; Akinbiyi 2000) and wastewater 
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treatment system designs, including ―flooding‖ (Couillard 1994). Peat, notably the humic acid 

component, has a particular ability to absorb cations and has been shown to significantly reduce 

concentrations of a variety of metals in solution (e.g., Couillard 1994; Ringqvist and Oborn 2002; 

Kalmykova et al. 2008). Collectively, increases in metals in the Keeyask reservoir would be expected to be 

largely restricted to forms with low bioavailability and/or toxicity to biota.  

The presence of aquatic biota in this and other systems with similarly high concentrations of iron and 

aluminum indicates that the guidelines are likely overly protective for this environment. Lappivaara and 

Marttinen (2005) report that fresh water in the northern hemisphere ―regularly contains several 

milligrams of iron per liter‖. The maximum estimated concentration of iron in the reservoir (1.94 mg/L) 

due to the combined effects of organic TSS and flooding under mean and maximum background iron 

concentrations is within the range measured upstream at the mouth of the Burntwood River  

(0.93–2.03 mg/L) during the Keeyask environmental studies and within the range measured in the 

Burntwood River at Thompson (0.84–2.25 mg/L) from 1997–2006 by Manitoba Water Stewardship 

(MWS 2006); this reflects the higher concentrations of iron in the Burntwood River relative to the upper 

Nelson River prior to mixing in Split Lake. Furthermore, predicted concentrations of iron in the 

nearshore areas are lower than the mean, and well below the maximum, concentrations measured in the 

Red and Assiniboine rivers over the period of 1997–2006 (Table 2-10). Therefore, even if iron was 

released from sediments during anoxic periods, such as those predicted to occur in isolated bays over 

winter, resulting in higher concentrations than predicted using the mass-balance model, concentrations 

should remain within the ranges observed in other rivers in Manitoba.  

Similarly, the maximum estimated concentration of aluminum under mean background conditions 

(1.88 mg/L) is within the range measured in the Burntwood River at its mouth. Although the maximum 

estimated concentration of aluminum (2.92 mg/L) is slightly above the range measured in the Burntwood 

River (1.28–2.74 mg/L) during the Keeyask environmental studies, it is within the range measured in the 

Burntwood River at Thompson (0.69–3.12 mg/L) from 1997–2006 by MCWS (MWS 2006). The 

maximum aluminum concentration is also similar to, although slightly above, the mean concentrations 

measured in the Red and Assiniboine rivers from 1997–2006, but well below the maximum 

concentrations measured in these southern rivers (Table 2-10). Therefore, total aluminum concentrations 

should remain well within the ranges observed in other Manitoba rivers, including those with diverse fish 

species assemblages. 

Effects of the Project on methylmercury in surface water are inherently difficult to quantitatively predict. 

However, as it is well established that reservoir creation/flooding of terrestrial habitat typically results in 

increased methylation of mercury and an increase in the absolute and relative concentration of 

methylmercury, the Project is predicted to result in detectable increases in methylmercury in flooded 

backbay areas. Baseline water quality information indicates that methylmercury is currently below 

analytical detection limits (0.00000005 mg/L) which are two orders of magnitude below the Manitoba 

and CCME PAL guideline (0.000004 mg/L). On this basis, increases in methylmercury in surface waters 

may remain within the MWQSOG/CCME PAL guidelines. However, due to uncertainties respecting 

these predictions, it is conservatively assumed that methylmercury may exceed the PAL guideline in 

isolated, flooded habitats during the initial years of Project operation. 
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Results of Modelling for the Keeyask Reservoir and Assessment of Effects to Drinking Water: 

Metals 

The following predictions can be made regarding changes in metal concentrations in surface waters in the 

Keeyask reservoir and effects on drinking water quality (Table 2-20 and Table 2-21). Drinking water 

quality guidelines are intended to be applied to treated drinking water. However, comparison of predicted 

metal concentrations to MWQSOGs for drinking water to raw water (i.e., surface waters) to provide a 

conservative assessment of potential effects to drinking water. This comparison indicates the following: 

 Most metals currently meet drinking water quality guidelines in the Keeyask area (including antimony, 

arsenic, barium, cadmium, chromium, copper, lead, manganese, mercury, selenium, sodium, uranium, 

and zinc) and the combined effects of organic TSS and flooding are not expected to result in 

exceedances of these guidelines for these substances; 

 Concentrations of iron are currently well above the Manitoba/CCME aesthetic drinking water quality 

guideline and the Project will increase the magnitude of these exceedances; 

 The largest increases in metals due to flooding are expected in zones 4, 8, and 9 where the ratios of 

flooded peat: water volume are highest. Conversely, effects related to peatland disintegration/erosion 

are expected to be greatest in zones 7, 8 and 11 (note zone 4 not modelled for this pathway). 

Considered collectively, the largest increases in metals are predicted to occur in zones 4, 8, and 11 (in 

decreasing order); and 

 Effects of both pathways will decrease over time. Peatland disintegration is expected to decrease 

substantively after Year 1 of operation and effects of flooding typically decline over time as labile 

carbon is decomposed. 

Effects of Changes in Mineral TSS on Metals 

As discussed previously, mineral TSS is predicted to be affected by the Project, although to a lesser 

degree than organic TSS (PE SV, Section 7). The major anticipated change in mineral TSS is a reduction, 

most notably in the area of the reservoir nearest the GS (PE SV, Section 7). Therefore, in general, this 

pathway is expected to result in reductions in total metals, most notably those that are positively 

correlated to TSS (iron, aluminum, barium, chromium, cobalt, manganese, potassium, vanadium, and 

titanium), in the immediate reservoir. As the effects of flooding and peatland disintegration are not 

expected to be measurable in the main flow of the reservoir, total metals may decrease near the GS as a 

result of reductions in mineral TSS.  

Metals Synthesis of Effects Assessment 

Metals may be either increased (due to flooding and peatland disintegration) or decreased (due to 

increased sedimentation) during the Project operation period. Total metals will likely increase in flooded 

bays, largely due to increases in organic TSS and from leaching and decomposition of flooded terrestrial 

habitat. Most metals are expected to remain within MWQSOGs and CCME guidelines for the protection 

of aquatic life; however, flooding and peatland disintegration may cause or contribute to exceedances of 
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MWQSOGs/CCME guidelines for the protection of aquatic life for iron and aluminum (which are 

currently well above guidelines) and selenium and silver (which occasionally exceed guidelines). The 

Project may also contribute to exceedances of CCME PAL guidelines for cadmium, copper, and zinc but 

is not expected to cause increases in these metals above MWQSOGs for the protection of aquatic life. 

While the Project may cause detectable increases in total mercury and methylmercury, notably in flooded, 

isolated backbays, it is expected that concentrations of inorganic mercury and methylmercury in surface 

water will remain within Manitoba and CCME PAL guidelines in most areas; exceedances of the PAL 

guidelines for methylmercury may occur in highly isolated areas, notably during the initial years of 

operation. To be conservative, it is also assumed that total mercury may marginally exceed the PAL 

guideline in isolated backbay areas during the initial years of operation.  Based on modelling results and 

literature regarding measured concentrations of mercury in Manitoba and Ontario reservoirs, it is 

expected that total mercury concentrations would not exceed 0.00005 mg/L; this value was therefore 

used as a conservative value to input into the human health risk assessment (SE SV Appendix 5C). Small 

decreases in total metals are expected in the immediate reservoir, most notably under high flows, due to 

enhanced sedimentation of mineral TSS.  

The Project is expected to increase the magnitude of exceedances of the aesthetic drinking water quality 

guideline for iron but is not expected to result in exceedances of other MWQSOGs or CCME guidelines 

for drinking water.  

Like other water quality variables, the largest effects to metals are expected in the nearshore areas of 

flooded bays, most notably in shallow, isolated areas located over flooded peat. Total metal 

concentrations will increase in these areas due to leaching and decomposition of flooded organic 

materials and from introduction of eroded mineral and organic materials that will be in suspension.  

Dissolved metals may also increase in flooded bays, but concomitant increases in DOC (and notably 

humic and fulvic acids) are expected to minimize the bioavailability of metals in general to aquatic biota 

through formation of metal-DOC complexes.  

Effects of flooding and peatland disintegration are not expected to cause a detectable increase in metals 

in the mainstem of the reservoir. However, decreases in mineral TSS in this area may result in decreased 

concentrations of total metals relative to ‗background‘ conditions (i.e., conditions without the Project). 

Metals that are positively correlated to mineral TSS (iron, aluminum, barium, chromium, cobalt, 

manganese, potassium, titanium, and vanadium) would likely be most notably affected. 

The duration of increases in metals in flooded bays is expected to be similar to that predicted for other 

water quality variables. That is, effects would persist for approximately 10–15 years and would be greatest 

during the initial years post-flood. In particular, effects related to increases in organic TSS would be 

greatest in Year 1 and would decrease relatively rapidly thereafter as the rate of peatland disintegration 

decreases. Areas most affected would be expected to be similar to those most affected by DO depletion 

(i.e., shallow, low velocity, poorly mixed areas over flooded peat) and those receiving the greatest loads of 

eroded and disintegrated peat. Effects of the Project on the mainstem would be long-term. 
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2.5.2.3 Stephens Lake Area 

With the exception of water treatment plant backwash and treated sewage effluents, potential effects of 

the Project on water quality in Stephens Lake, downstream of the GS, relate to changes in upstream 

water quality (i.e., at the GS) and/or changes in physical environment processes downstream of the GS. 

Water treatment plant backwash water and treated sewage effluent will be discharged downstream of the 

powerhouse in the main channel of the Nelson River during Project operation. These effluents will be 

treated to meet applicable provincial and federal effluent licences, authorizations, and permits (Keeyask 

GS EnvPP). Although highly localized effects on water quality, including increases in TSS and nutrients, 

may occur in the immediate vicinity of the outfall, due to the high discharge of the receiving 

environment, the effects of backwash wastewater and treated sewage effluent on water quality of the 

receiving environment are expected to be negligible and these effects pathways are not discussed further. 

As described in the PE SV, Section 6, shoreline erosion is predicted to be unaffected in the open water 

season and decreased in the ice-cover season downstream of the GS. Therefore, no change in TSS is 

anticipated in the open water season, but TSS may decrease in winter as a result of a decrease in erosion 

processes in this area.  

In addition, as described Section 2.5.2.2, water quality effects in the Keeyask area are expected to be 

largely restricted to nearshore, poorly mixed areas of the reservoir. Consequently, downstream effects on 

water quality are not expected to be noteworthy as the water quality of the reservoir outflow will not be 

substantively different than current conditions. The major exception is a predicted decrease in TSS at the 

outflow of the GS (PE SV, Section 7). The following provides an overview of predicted effects on water 

quality in Stephens Lake due to Project operation. 

2.5.2.3.1 Water Temperature 

Water temperature is expected to remain similar to existing conditions at the outflow of the GS; 

temperatures at the outflow are expected to continue to be very similar to water temperatures at the 

inflow to the reservoir (see the PE SV, Section 9). However, as described in the PE SV, Section 4, water 

temperature is expected to be slightly elevated for approximately 800 m downstream of the GS due to the 

effects of turbine rotors resulting in the creation of an open water area in winter.  

2.5.2.3.2 Dissolved Oxygen 

As described for the Keeyask area, effects to DO are expected to be small in the main flow of the 

reservoir and DO is expected to remain at or near saturation at the GS in the open water and ice-cover 

seasons (PE SV, Section 9). In addition, estimated concentrations of BOD that would arise from 

peatland disintegration are expected to less than 1 mg/L (PE SV, Section 9), which represents a 

concentration below the limits of analytical detection, at the outflow of the GS. Therefore, DO 

conditions in Stephens Lake would not be affected by upstream changes in DO conditions in the 

reservoir. 

The tailrace of the GS will remain open throughout winter to a distance of approximately 800 m 

downstream of the Powerhouse (PE SV, Section 4). As this area is currently fully ice-covered in winter, 

the Project will provide additional opportunity for reaeration of surface waters in winter downstream of 
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the GS. Therefore, small reductions in DO that may occur upstream (i.e., less than 0.5 mg/L decreases) 

should be mitigated downstream of the GS. Collectively, DO is expected to remain similar to current 

conditions in Stephens Lake and above PAL water quality objectives and guidelines. Changes in 

phytoplankton in Stephens Lake are not expected to be detectable (see Section 4.2.4.2) and thereby are 

not expected to cause measurable changes in DO concentrations in this area. As for other water quality 

variables, no effects to DO are expected for the north arm of Stephens Lake or in the vicinity of the 

Gillam drinking water intake. 

2.5.2.3.3 pH 

As no changes in pH are anticipated along the main flow of the reservoir upstream, pH would not be 

affected in Stephens Lake due to upstream water quality changes. As there will be no flooding 

downstream of the GS, pH should be unaffected in Stephens Lake. No effects to pH are expected in 

Stephens Lake, including the vicinity of the Gillam drinking water intake. 

2.5.2.3.4 Total Suspended Solids/Turbidity 

As described in the PE SV, Section 7, and summarized above, TSS is expected to be lower at the GS 

during the operation period, relative to conditions that would be expected without the Project  

(i.e., ―background‖ condition). The largest decrease relative to background (11 mg/L) would occur during 

high flow conditions (i.e., 95th percentile flows), although TSS is also expected to be lower under median 

and low flows with the Project.  

Currently, TSS concentrations decrease from the inflow to Stephens Lake to the Kettle GS (Figure 2-7; 

PE SV, Section 7). The Project will result in lower TSS concentrations at the inflow to Stephens Lake 

(downstream of the Keeyask GS) and decreased concentrations, relative to conditions without the 

Project, are expected to persist along the mainstem in Stephens Lake for approximately 10–12 km from 

the GS (PE SV, Section 7). At this point, TSS concentrations are expected to be similar to those that 

would occur without the Project. Predicted reductions in shoreline erosion in winter in Stephens Lake 

(PE SV, Section 6), may lead to decreases in TSS during the ice-cover season. No effects are expected for 

the north arm of Stephens Lake or in the vicinity of the Gillam drinking water intake. 

Direct effects of reduced TSS on aquatic biota relate to the subsequent increase in water clarity. Higher 

water clarity may serve as an advantage to visual predators and a disadvantage to prey items within this 

10–12 km stretch of the lake. Increased water clarity may also affect primary producers through increases 

in light availability and depth of the euphotic zone; this pathway is characterized in Section 4.2.4.2. 

2.5.2.3.5 Organic Carbon 

Changes in OC are not expected to be detectable along the mainstem of the river upstream of Stephens 

Lake and concentrations flowing into Stephens Lake would therefore remain similar to existing 

conditions. Furthermore, TOC is comprised almost entirely of DOC and is not correlated to TSS 

concentrations (Figure 2H-40). Therefore, TOC and DOC would not be affected by decreased TSS 

concentrations in the 10–12 km area downstream of the Keeyask GS. No effects are expected in 

Stephens Lake, including the north arm of the lake or in the vicinity of the Gillam drinking water intake. 
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2.5.2.3.6 True Colour 

As described for other variables, key changes in water quality expected upstream in the Keeyask reservoir 

are largely restricted to poorly mixed, isolated backbays. True colour is not expected to increase in the 

mainstem of the reservoir as a result of flooding and/or erosion. However, TSS and true colour are very 

weakly intercorrelated along the mainstem of the Nelson River (Figure 2H-39) and small reductions in 

true colour may occur downstream of the GS in Stephens Lake where TSS concentrations are expected 

to be decreased. As for other water quality variables, no effects to true colour are expected for the north 

arm of Stephens Lake or in the vicinity of the Gillam drinking water intake. 

2.5.2.3.7 Water Clarity 

Water clarity is expected to be increased in the 10–12 km stretch downstream of the GS, along the main 

flow of the Nelson River, due to predicted decreases in TSS due to Project operation. Neither TOC, 

DOC, nor true colour are expected to be measurably changed in Stephens Lake and therefore would not 

result in changes in water clarity. As for other water quality variables, no effects are expected for the 

north arm of Stephens Lake or in the vicinity of the Gillam drinking water intake. 

2.5.2.3.8 Nutrients 

As discussed for the Keeyask area, combined effects of flooding, peatland disintegration, and enhanced 

sedimentation are expected to cause a slight decrease in TP concentrations and a small, likely 

undetectable, increase in TN concentrations along the mainstem of the reservoir. TP may decrease due to 

predicted decreases in mineral TSS in the Keeyask reservoir (PE SV, Section 7) as TP is significantly 

correlated to TSS in the study area. Decreases in TP, relative to conditions without the Project, would be 

greatest under high flows. Therefore, the water entering the Stephens Lake area from the outflow of the 

GS will contain somewhat lower concentrations of phosphorus. These effects would be long-term as they 

result from changes in the hydrological regime and subsequent effects on sedimentation. 

Furthermore, TSS is expected to decrease even further as water moves through Stephens Lake; this area 

would extend to approximately 10–12 km downstream of the GS (PE SV, Section 7). TP would therefore 

decrease further over this area. As TKN is not correlated to TSS (Figure 2H-41) and does not currently 

decrease in Stephens Lake in association with reductions in TSS and TP, TN concentrations should 

remain relatively consistent in Stephens Lake and similar to existing conditions. As for other water quality 

variables, no effects are expected for the north arm of Stephens Lake or in the vicinity of the Gillam 

drinking water intake. 

In terms of trophic status, Stephens Lake is currently classified as meso-eutrophic to eutrophic and is 

expected to remain within a similar range of trophic status during the operation period. As the TP 

concentrations are currently near the boundary of these categories, phosphorus concentrations are 

expected to fall within either category from year to year. 

2.5.2.3.9 Conductivity/Total Dissolved Solids 

Conductivity/TDS are not expected to be measurably changed in Stephens Lake as a result of Project 

operation as no detectable changes are anticipated at the outflow of the GS. 
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2.5.2.3.10 Metals and Major Ions 

With the possible exception of mercury, metals are not expected to be measurably increased in Nelson 

River water flowing out of the Keeyask GS. Concentrations of metals that are associated with suspended 

solids may in fact be slightly reduced in the outflow, notably under high flows, due to reductions in TSS 

(PE SV, Section 7). Metals that are positively correlated to mineral TSS (iron, aluminum, barium, 

chromium, cobalt, manganese, potassium, titanium, and vanadium) would likely be most notably affected. 

In addition, further reductions in total metal concentrations may occur over the 10–12 km stretch 

downstream of the GS due to reductions in mineral TSS, relative to current conditions. As noted in 

Section 2.5.2.11, it has been conservatively assumed that mercury and methylmercury concentrations may 

increase sufficiently to be detectable in the mainstem of the reservoir but both are expected to remain 

well below MWQSOGs and CCME PAL guidelines, and concentrations will decrease further in Stephens 

Lake. 

2.5.2.4 Downstream Area 

As discussed in the PE SV, Section 7, effects of the Project operation on TSS will not extend past 

Stephens Lake. In addition, effects on other water quality variables are expected to negligible beyond the 

area where effects to TSS are predicted. Therefore, no effects of Project operation on water quality are 

predicted for the Downstream area (i.e., downstream of Stephens Lake). 

2.5.2.5 North Access Road Stream Crossings 

Due to implementation of sediment and erosion control measures, effects of the north access road on 

water quality during the operation period are expected to be negligible. 

2.5.2.6 South Access Road Stream Crossings 

Due to implementation of sediment and erosion control measures, effects of the south access road on 

water quality during the operation period are expected to be negligible. 

2.5.3 Residual Effects 

2.5.3.1 Construction Period 

Residual effects of construction of the Keeyask Project on water quality are summarized in Table 2-22.   

Key effects of construction are: 

 Increased concentrations of TSS during instream construction, with the largest increases occurring 

immediately downstream of construction; and 

 Increased concentrations of substances in effluents in the immediate receiving environment.  
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2.5.3.2 Operation Period 

Residual effects of operation of the Keeyask Project on water quality are summarized in Table 2-23. Key 

effects of operation are: 

 No effects to Split Lake; 

 Short-term increases in TSS in nearshore areas and small to moderate long-term decreases in TSS in 

most areas of the reservoir and for a number of kilometres downstream of the reservoir; 

 Nutrients, metals, organic carbon, true colour, conductivity/TDS will increase and pH and water 

clarity will decrease in nearshore areas due to flooding and peatland disintegration. Effects will be 

greatest in Year 1 and will decline thereafter; 

  Dissolved oxygen concentrations will decrease in the ice-cover season in nearshore, flooded areas 

and anoxia will develop in some of the shallow, isolated areas over winter. Infrequent periods of low 

DO will develop in nearshore areas under atypically low wind conditions in summer. The majority of 

the reservoir will maintain DO concentrations above MWQSOGs and CCME guidelines for the 

protection of aquatic life year-round. Effects on DO will be greatest in Year 1 of operation and 

decline thereafter. Downstream effects will be negligible; 

 Metals are expected to generally remain within MWQSOGs and CCME guidelines for the protection 

of aquatic life in the reservoir and downstream. The key exceptions are iron and aluminum, which are 

currently present at concentrations well above the MWQSOGs and CCME PAL guidelines and the 

Project operation will increase concentrations further. However, concentrations are expected to 

remain within the ranges of aluminum and iron concentrations in other Manitoba rivers or streams; 

 Project operation is expected to cause or contribute to exceedances of MWQSOGs and CCME 

guidelines for PAL for selenium and silver, and potentially mercury and methylmercury in nearshore, 

flooded areas, most notably during the initial years of operation. The Project may also cause or 

contribute to exceedances of CCME PAL guidelines for cadmium, copper, and zinc but is not 

expected to cause exceedances of MWQSOGs for PAL for these metals; 

 Project operation is expected to increase the magnitude by which the Manitoba/CCME aesthetic 

drinking water quality objectives for iron and true colour is exceeded in flooded backbays (both 

parameters are currently above the aesthetic objectives). As the Manitoba/CCME guidelines for 

turbidity in finished drinking water are extremely low (i.e., 0.3/1.0/0.1 NTU, depending method of 

treatment), turbidity levels currently exceed these guidelines and these exceedances are expected to 

continue with the Project. All other water quality variables are expected to remain within Manitoba 

and CCME drinking water quality guidelines during the operating period; 

 Project operation is expected to adversely affect the suitability of surface waters for recreational uses, 

in terms of changes to water quality, in the nearshore areas through increases in turbidity. However, 

currently, the suggested guideline for water clarity (minimum Secchi disk depth of 1.2 m) is typically 

not met and the Project operation is expected to result in increased water clarity on the main stem of 

the reservoir and over the long-term in nearshore areas; 
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 Effects of Project operation on water quality are generally expected to persist for 10–15 years, with 

the exception of effects on TSS (i.e., a decrease) which will continue for the life-span of the Project; 

and 

 Effects will extend to approximately 12–14 km downstream of the GS. 

2.5.3.3 Summary of Residual Effects 

The following summary of residual effects specifically addresses changes in relation to the suitability of 

water for aquatic life as specified in the MWQSOGs and CCME guidelines. Effects related to the use of 

water for recreation and drinking in the area affected by the Project are discussed in the SE SV. The 

residual effects of construction (Table 2-22) are expected to be adverse, short-term, and of moderate 

magnitude over a medium geographic extent at the construction site and in Stephens Lake, and be of 

small magnitude over a large geographic extent extending past the Kettle GS. During the initial years of 

operation, the Project will cause medium-term, moderate to large changes in water quality in nearshore 

areas of the reservoir (Table 2-23). There will be a moderate reduction in TSS in the reservoir and the 

southern portion of Stephens Lake in the long-term. Effects during operation are continuous/regular as 

they occur all the time or at regular intervals (e.g., DO depletion each winter). Effects in flooded areas will 

diminish over time, while the decline in TSS levels is irreversible and will occur for the life of the Project. 

The ecological context of the predicted change is moderate, reflecting the importance of water quality to 

the aquatic ecosystem, but also the ability of the aquatic ecosystem to adapt to these changes and the 

diminishing effect over time.  

The technical water quality assessment is based on models, scientific literature, and information collected 

from a proxy reservoir (i.e., Stephens Lake) and the overall certainty associated with the predictions is 

moderate to high. Overall, there is high certainty regarding the nature and direction of all effects and the 

magnitude of effects predicted for the mainstem of the reservoir, and moderate certainty regarding the 

magnitude of effects in nearshore areas of the reservoir. 

2.5.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Keeyask Generation Project: Response to EIS Guidelines, 

Environmental Monitoring Plans are being developed as part of the Environmental Protection Program 

for the Project. The intent of the monitoring plans is to determine whether effects of the Project are as 

predicted and mitigation measures are functioning as intended. The monitoring plans will also provide for 

follow-up actions if effects are greater than predicted; the actions that would be taken depend on the 

nature and magnitude of the effect. The design of the monitoring plans will also consider uncertainties 

identified during the analysis and/or raised by the KCNs or during the regulatory review process. For 

example, the technical analysis predicts that effects to water quality will occur within the reservoir and 

downstream but that no effects will occur upstream in Split Lake; based on local knowledge, the KCNs 

have identified effects to Split Lake and therefore, Split Lake is being included in the monitoring 

program.  

An outline of monitoring planned for the water quality component of the aquatic environment is 

provided below. A detailed monitoring plan will be provided in the Aquatic Effects Monitoring Plan 
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(AEMP). This document will provide a detailed description of the rationale, schedule, sampling locations 

and sampling methods for the technical monitoring that is proposed for the Project. This plan will be 

implemented in consultation with regulators, in particular DFO, Environment Canada, and Manitoba 

Conservation and Water Stewardship, and it is expected that it will change based on regulatory review 

and on-going review of monitoring results. This monitoring plan will be implemented during the 

construction phase of the Project and will continue into the operations phase. Reports detailing the 

outcomes of monitoring programs will be prepared and submitted to regulators, to meet conditions of 

the Environment Act licence and other authorizations for the Project. 

Water quality monitoring will include sampling to measure site-specific effects such as inputs from 

flooded terrain, and targeted sampling of specific activities such as instream construction to determine 

the effectiveness of management measures such as the sediment management plan. Routine water quality 

monitoring will be conducted at sites along the Nelson River immediately downstream of the Kelsey GS 

to downstream of the Kettle GS.in order to verify that effects in the reservoir are not greater than 

anticipated and that effects do not extend upstream of the reservoir nor downstream of the GS (other 

than reduced suspended sediment concentrations). Sampling will occur multiple times during each year of 

construction and the initial 10 years after FSL is reached, and less frequently for the following 20–

30 years, depending on results. For a more detailed description of planned water quality monitoring, 

please see the AEMP. 

2.6 SEDIMENT QUALITY 

2.6.1 Introduction 

The quality of sediments, or the concentrations of sediment-associated chemicals, is of significance to the 

health of aquatic biota that live in or on sediments, or that directly or indirectly associate with the 

sediments and/or benthic communities. Potential effects of the Keeyask Project on sediment quality have 

been considered in terms of its suitability for aquatic life through comparisons to sediment quality 

guidelines (SQGs) and to the existing sediment quality in the area. A description of applicable SQGs 

applied for the assessment is provided in Section 2.6.2.4 and in greater detail in Appendix 2B. 

The following sections provide: 

 A description of approach and methods, including descriptions of information sources, models, and 

detailed approaches applied for evaluating the environmental setting and for the assessment of 

effects of the Project on sediment quality (Section 2.6.2); 

 A description of the environmental setting for sediment quality, including an overview of historical 

information, a detailed description of current conditions, and an assessment of current trends 

(Section 2.6.3); and 

 A description of the predicted effects of the Project on sediment quality associated with the 

construction and operation periods, a summary of residual effects, and proposed environmental 

monitoring and follow-up (Section 2.6.4). 
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2.6.2 Approach and Methods 

The following sections provide a description of the general approach for the sediment quality assessment 

(Section 2.6.2.1), a brief description of the study area (Section 2.6.2.2), data and information sources used 

to describe and characterize the environmental setting (Section 2.6.2.3), and a description of the approach 

for the effects assessment (Section 2.6.2.4), including a description of assumptions and modelling 

approaches. The general approach and study area are similar to those applied for water quality. 

2.6.2.1 Overview to Approach 

Overall, the approach taken for the sediment quality effects assessment was similar to the general 

approach applied for other aquatic components. The assessment was comprised of two major 

components: 

 A description of the existing sediment quality conditions in the study area to provide the foundation 

for assessing the potential effects of the Project; and 

 An effects assessment in which potential effects of the Project on sediment quality are described. 

The existing sediment quality conditions — or the ―environmental setting‖ — were defined for a period 

of 10 years (1997–2006). Information used for this characterization was restricted to data gathered from 

sampling programs conducted under the Keeyask environmental studies (i.e., EIS studies), as no other 

information could be located. Additionally, the environmental setting includes a description of historical 

information (i.e., pre-1997) to provide an overview of how sediment quality conditions may have changed 

over time.  

The effects assessment was founded on key linkages identified between the Project and sediment quality. 

Information sources used for the assessment included information generated through EIS studies, 

scientific literature pertaining to hydroelectric development and other reservoirs in Manitoba and 

elsewhere, and general supporting scientific literature. 

Sediment quality conditions for the existing environment, as well as for predicted post-Project 

environmental conditions, were compared to SQGs for the protection of aquatic life (Persaud et al. 1993; 

BCMOE 2009; MWS 2011; CCME 1999; updated to 2012) to assist in characterizing the potential effects 

of the Project on aquatic biota. 

2.6.2.2 Study Area 

The study area for sediment quality ranges from the inflows to Split Lake to the Nelson River estuary and 

is consistent with the water quality study area (see Section 2.3.2). 

2.6.2.3 Data and Information Sources  

In general, information sources considered for the characterization of the environmental setting for 

sediment quality included:  

 Pre-1997 studies; 
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 EIS-specific studies (1999–2006); and 

 General scientific literature. 

Supporting information used for characterizing the existing environment also included: 

 MWQSOGs (MWS 2011);  

 The CCME environmental quality guidelines (CCME 1999; updated to 2012); 

 The BCMOE water quality guidelines (BCMOE 2009); and 

 The Ontario Ministry of the Environment SQGs (Persaud et al. 1993). 

2.6.2.3.1 Pre-1997 Studies 

A limited number of environmental studies were conducted in the Aquatic Environment Study Area 

prior to 1997, including: 

 Sediment quality was measured in Split Lake in 1979 by Williamson (1980) near the community of 

Split Lake, as well as at 23 other locations in northern Manitoba. Copper, zinc, cadmium, nickel, lead, 

and mercury were analysed in sediments varying from 1 to 3 cm in depth; 

 Williamson (1986) measured mercury in upper (1–3 cm) sediments at 10 sites in northern Manitoba, 

including Split Lake, from 1980–1983; and 

 Pip and Stepaniuk (1992) measured sediment quality upstream and downstream of the Limestone 

and Long Spruce GSs in 1988 (depth of sediment collected not reported). 

2.6.2.3.2 Post-1996 Studies 

Surficial sediment quality was measured at one site in each of Split, Gull, and Stephens lakes in the open 

water seasons of 2001 and 2002 (Map 2-24). Surficial sediments (upper 5 cm) were collected and analysed 

for particle size, organic matter, and metals. A detailed description of sampling sites, times, and methods 

and data analysis methods is provided in Appendix 2C. No other sediment quality data for the study area 

for the period of 1997–2006 were located. 

2.6.2.4 Assessment Approach 

2.6.2.4.1 Sediment Quality Guidelines 

Throughout the document, comparisons are made between sediment quality and SQGs. There are 

Manitoba SQGs for a number of substances, including several metals/metalloids (MWS 2011), which 

were adopted from the CCME guidelines issued in 1999 (CCME 1999; updated to 2012). Two criteria are 

provided: (1) a sediment quality guideline; and (2) a higher value referred to as the probable effect level 

(PEL). The SQG is a threshold below which adverse effects to biota are expected to occur rarely whereas 

the PEL defines the level above which adverse effects are expected to occur frequently. Concentrations 

lying between the SQG and the PEL reflect a condition of increased risk of adverse effects. These criteria 

are intended to be applied to the upper 5 cm of sediment (CCME 1999; updated to 2012).  
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The province of Ontario (Persaud et al. 1993) has also issued SQGs for a number of substances in 

addition to those represented in the Manitoba or CCME SQGs. Similar to Manitoba and CCME 

guidelines, Ontario specifies a lowest effect level (LEL) and a severe effect level (SEL). The 

interpretation of these two thresholds is consistent with the Manitoba SQG and PEL. SQGs applied in 

this document are summarized in Appendix 2B. 

Manitoba SQGs (MWS 2011) were considered for metals for which there are guidelines; as noted above, 

these SQGs are identical to the CCME guidelines. For additional parameters, guidelines applied by other 

jurisdictions in Canada were considered. Briefly, guidelines considered in the assessment were, in the 

following order: 

 Manitoba SQGs (arsenic, cadmium, chromium, copper, lead, mercury, and zinc; MWS 2011); 

 Ontario SQGs (iron, manganese, and nickel; Persaud et al. 1993); and 

 British Columbia SQGs (selenium; BCMOE 2009). 

2.6.2.4.2 Environmental Setting 

The general approach applied for characterizing the existing sediment quality conditions in the study area 

involved compilation of existing data and information for the area and the conduct of baseline field 

studies to generate the information needed to support the impact assessment. Additionally, the 

environmental setting was detailed for both historic (pre-1997) and recent (1999–2006) time periods. 

Lastly, evaluation of trends in sediment quality for the study area was undertaken using existing 

information. Sediment quality conditions were described and compared to SQGs.  

Analysis of Temporal Trends in Sediment Quality 

For the purposes of the environmental assessment, an evaluation of potential temporal changes in 

sediment quality within the study area was undertaken to determine if conditions have undergone 

substantive change that could in turn affect the impact predictions and/or descriptions of the existing 

environment based on the period of the Keeyask environmental studies. Data characterizing sediment 

quality in the study area which could be used to infer temporal trends are limited. Therefore, the analysis 

was restricted to a qualitative comparison of historical and recent sediment quality data. 

2.6.2.4.3 Project Assessment 

Several approaches/information sources were used to describe anticipated effects of the Project on 

sediment quality, including: 

 Scientific literature pertaining to Project linkage pathways; 

 Peat chemistry data for the study area (PE SV, Section 7); and 

 Information generated from other EIS components (i.e., sedimentation; PE SV, Section 7; Section 

3.4.2). 
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Potential effects of the Keeyask Project on sediment quality were assessed by integrating several pieces of 

information respecting the existing sediment quality, quality of peat that would be flooded, and predicted 

effects to sedimentation and changes in substrate.  

To assess potential effects of flooding on sediment quality, information describing peat quality for the 

flooded area was compared to information describing the current sediment quality of the existing 

environment. Total metals were analysed in 61 peat samples collected at 37 sites (TE SV Appendix 2A 

2.15.2). ―Surface peat‖ samples (defined as the upper 20 cm) were collected from 20 sites and samples 

from the Of (i.e., fibric peat), Om (i.e., mesic peat), and Oh horizons (i.e., humic peat) were collected 

from 17 sites and submitted to an accredited analytical laboratory for analysis of total metals. To 

determine the sediment quality in the newly flooded areas, the peat chemistry data were statistically 

summarized and compared to existing sediment quality and to SQGs. 

SQGs are generally applied to the upper 5 cm of sediment (e.g., CCME 1999; updated to 2012), in 

consideration of the area most actively used by aquatic biota. Therefore, the surface peat layer is the most 

biologically relevant layer. However, as peat resurfacing is expected in some flooded areas (PE SV, 

Section 7), other depth horizons of peat will be exposed and form new ―sediment‖. As such, the 

assessment considers the chemistry of both surface peat and underlying depth horizons. 

Additionally, predicted rates of mineral and organic sedimentation, as well as areas of deposition (PE SV, 

Section 7; Section 3.4.2.2), were considered to describe the potential temporal changes in sediment quality 

associated with the Project.  

A detailed description of the characterization of the magnitude of effects to sediment quality is provided 

in Appendix 2G. 

2.6.3 Environmental Setting 

The following provides a description of sediment quality for the study area, considering each of the areas 

described in Section 2.2.3.2. The discussion provides: 

 An overview of published literature describing historical sediment quality conditions for the study 

area (Section 2.6.3.1).  

 A summary of sediment quality data collected in the study area under the Keeyask environmental 

studies over the period of 1997–2006 (Section 2.6.3.2);  

 A description of sediment quality in a regional context (Section 2.6.3.3); and 

 A discussion of potential temporal changes in sediment quality for the study area (Section 2.6.3.4). 

2.6.3.1 Pre-1997 Conditions 

Two historical studies of sediment quality in Split Lake were located. Williamson (1980) measured 

sediment quality at 24 sites in northern Manitoba, including Split Lake (Table 2I-1). The author 

concluded that concentrations of copper, zinc, cadmium, nickel, lead, and mercury were within ―normal 

expected background‖. Data were not compared to SQGs as none were available at that time. 
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Comparison of the data obtained from both of these sites to current Manitoba, CCME and Ontario 

SGQs indicates that concentrations of copper, zinc, and lead were below guidelines but mean cadmium 

concentrations in sediments collected from Split Lake exceeded the Manitoba/CCME SQG. 

Additionally, the mean concentration of nickel in Split Lake exceeded the Ontario LEL for sediment. It is 

noteworthy that cadmium exceeded the SQG at all 24 sites examined and nickel exceeded sediment 

quality guidelines at all but three of the sites analyzed by Williamson (1980).  

In a later study, Williamson (1986) stated that ―All concentrations [of mercury measured in surficial 

sediments collected in Split Lake from 1979–83] were found to be within the range of ‗naturally-

occurring‘ mercury in bed sediments‖ (Appendix 2I) and there was ―little apparent change [in Hg in 

sediments] at all sampling sites throughout the duration of the investigation.‖ Sediment mercury 

concentrations reported in these two studies were below the current Manitoba SQG for the protection of 

aquatic life (Table 2I-2). 

Only one report was located in which sediment quality was reported downstream of Split Lake prior to 

1997. Pip and Stepaniuk (1992) measured cadmium, lead, and copper in surficial sediments collected in 

macrophyte beds located upstream and downstream of the Long Spruce and Limestone GSs. Sites 

included sampling of tributaries, some of which were deemed representative of areas ―unaffected by 

flooding from water level changes, or other direct impacts associated with the dams.‖ The authors 

reported that lead and cadmium were not significantly different at sites located upstream and downstream 

of the Limestone and Long Spruce GSs but mean copper was higher downstream of both dams. The 

authors also noted that particle size of sediments increased with the number of dams (i.e., downstream). 

However, raw sediment quality data were not presented. 

2.6.3.2 Current Conditions (Post-1996) 

Of those parameters for which there are Manitoba SQGs, concentrations of arsenic, cadmium, copper, 

mercury, and zinc were within guidelines in Split, Gull, and Stephens lakes. Chromium and lead were also 

within the Manitoba SQG in Split and Gull lakes (Table 2-24). The mean of triplicate samples collected 

from Stephens Lake in 2002 exceeded the Manitoba SQG for chromium and the Manitoba PEL for lead. 

The latter is a result of a single high value measured in one of the replicate samples and may represent an 

anomaly. 

Comparison to Ontario SQGs indicates that concentrations of manganese and nickel exceeded the 

Ontario LEL but not the SEL in Split and Stephens lakes; lower concentrations were observed in Gull 

Lake. Nickel exceeded the LEL but not the SEL in 2002 but not 2001 in Gull Lake. Iron exceeded the 

Ontario LEL in 2002 but not 2001 in Stephens Lake but was below the LEL in Split and Gull lakes. 

Selenium was consistently below the BCMOE SQG. 

2.6.3.3 Regional Context 

Sediment quality was measured at Notigi, Wapisu, Wuskwatim, Opegano and Birch Tree lakes and the 

Burntwood River (near Taskinigup Falls) in 2001/2002 (Table 2I-3). Most sediment quality parameters 

measured in Split, Gull, and Stephens lakes in 2001/2002 are similar to or lower than values obtained 

from the Burntwood River system in the same years. Notable exceptions include calcium (except Gull 
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Lake in 2001), lead from Stephens Lake in 2002, magnesium in Split and Stephens lakes, and 

molybdenum in Gull and Stephens lakes in 2002 which were somewhat higher than samples from the 

Burntwood River system. 

2.6.3.4 Current Trends 

As indicated in Section 2.6.3.3, sediment quality has been measured at a number of sites in northern 

Manitoba beginning in the 1970s (Williamson 1980, 1986). Bodaly et al. (1987) also reported mercury 

concentrations for upper (approximately 4.7 cm) sediments collected from selected lakes along the CRD 

route in 1981 (Table 2I-4). In general, metal concentrations measured in the study area in 2001/2002 are 

lower than concentrations reported for sediments collected from Split Lake in 1979 (Table 2I-1). 

Observed differences may represent natural variability, differences in sampling methods and analysis, 

and/or actual decreases since 1979. Regardless of whether these data represent a true decrease in 

concentrations, with the exception of cadmium, values obtained in 1979 were also below current 

Manitoba SQGs as they were in 2001/2002 in Split Lake. The reported concentration of cadmium in 

1979 exceeded the current SQG although this may reflect lower levels of accuracy and precision for the 

analytical methods used at that time.  

Similarly, mercury concentrations measured in Split Lake in 2001 were similar to or lower than those 

measured from 1979–1983 in the lake. Furthermore, concentrations of mercury measured in Split, Gull, 

and Stephens lakes in 2001 were similar to or lower than concentrations measured at a number of sites 

across northern Manitoba in 1979–1983 (Appendix 2I; Williamson 1986; Bodaly et al. 1987). 

Collectively, the available data indicate that sediment quality conditions in the study area since the late 

1970s and early 1980s are similar to or potentially better than observed several decades ago. 

2.6.4 Project Effects, Mitigation, and Monitoring 

2.6.4.1 Construction Period 

The potential linkages between the Project construction and effects on sediment quality are directly 

related to effects on water quality. Construction-related effects on water quality may affect sediment 

quality through accumulation of contaminants in sediments. A description of the linkages between water 

quality and Project construction is provided in Section 2.5.1. 

Negligible to small effects on sediment quality are expected as a result of Project construction due to the 

implementation of various mitigation measures designed to minimize the introduction of nutrients, 

metals, and other contaminants to surface waters. Localized changes in sediment quality may occur in the 

vicinity of point source discharges (e.g., treated sewage effluent outfall). 
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2.6.4.2 Operation Period 

Sediment quality may be affected in the study area during the operation period through various pathways, 

including: 

 Changes to the water regime, water residence times, water depths, and water velocities which may 

alter sedimentation processes and depositional areas; 

 Flooding of terrestrial habitat will create ―new‖ aquatic sediments; 

 Erosion of mineral and organic soils, leading to changes in TSS and alterations to sedimentation rates 

and patterns; and 

 Changes in water quality conditions may alter conditions at the sediment-water interface which, in 

turn, may affect sediment processes/chemistry and decomposition processes (e.g., anaerobic decay 

processes may dominate under anoxic conditions). 

The following is an assessment of the potential effects of the Project on sediment quality, emphasizing 

changes with respect to SQGs for the protection of aquatic life. Changes in substrates related to physical 

habitat are discussed in Section 3.0. 

No effects to sediment quality are expected in the Split Lake Area as flooding, changes in TSS and 

sedimentation, and effects on water quality are not expected in this area. 

Results of analyses of key variables measured in peat and existing sediments are presented in Figure 2-17 

to Figure 2-30 for comparison. Most metals are present at lower concentrations in peat in both surface 

and sub-surface horizons than in the existing sediments in the study area. All concentrations of metals in 

peat samples were also below SQGs for the protection of aquatic life and therefore, flooding (i.e., 

conversion of peat to aquatic sediments) should not result in an exceedance of SQGs.  

Metals that are present in higher concentrations in peat than aquatic sediments in the study area include: 

mercury (Figure 2-25); cadmium (Figure 2-19); lead (Figure 2-23); potassium (Figure 2-29); and sodium 

(Figure 2-30). In addition, direct comparison between sediments and peat cannot be reliably made for 

arsenic (Figure 2-18) and selenium (Figure 2-27) due to higher analytical DLs employed for the analysis of 

peat. The following provides a brief discussion for these substances. 

While still below SQGs, mercury is approximately fifteen times higher in surface peat than in current 

sediments in Gull Lake (Figure 2-25). However, the mean concentration measured in surface peat is 

similar to concentrations of mercury measured in 1981–82 in unflooded peat adjacent to lakes along the 

CRD and in flooded peat in lakes along the CRD (Bodaly et al. 1987; Table 2-25). Higher concentrations 

of mercury in organic materials relative to the more mineral sediments are expected as mercury has a high 

affinity for organic matter in soils and sediments (Mucci et al. 1995). Collectively, these data indicate that 

flooding may introduce a larger quantity of total mercury into the aquatic ecosystem than is currently 

present in the sediments, but the concentrations measured in peat from the Keeyask area are similar to 

concentrations measured in other peatland areas of northern Manitoba.  

While the mean concentration of mercury in surface peat is below the Manitoba SQG for the protection 

of aquatic life and is therefore of low risk from a toxicity perspective, it is expected that flooding will 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY 2-98 

result in a greater production of methylmercury due to stimulation of the methylation process. Therefore, 

the substrate and nutrients made available for mercury methylating bacteria as a result of flooding, in 

conjunction with a relatively higher concentration of mercury available in that substrate, is expected to 

enhance methylmercury production in sediments. This has been observed in numerous other newly 

created reservoirs (e.g., Bodaly et al. 1984b; Hecky et al. 1987a; Mucci et al. 1995; Kelly et al. 1997; Heyes et 

al. 2000) and is a typical effect of flooding. Concentrations of methylmercury are related to the amount 

and type of organic matter in flooded soils. For example, concentrations of methylmercury in flooded 

soils at the La Grande-2 reservoir in Quebec paralleled the distribution of organic carbon (Mucci et al. 

1995). Methylation is also generally higher under anoxic conditions (e.g., Matilainen 1995; Heyes et al. 

2000), which are expected to occur in some nearshore areas of the Keeyask reservoir in winter. The 

effects of the Project on mercury in fish are discussed in Section 7. 

The second metal that is higher in peat than existing sediments is cadmium (Figure 2-19). The mean 

surface peat concentration (0.397 micrograms per gram [μg/g]) is approximately seven times the mean 

concentration of Gull Lake sediments (0.06 μg/g; Figure 2-19). However, the mean concentration in peat 

is similar to concentrations measured in sediments from Notigi, Wapisu, Wuskwatim, Opegano, and 

Birch Tree lakes in 2001 and 2002 (Table 2I-3). Most notably, the mean peat concentration is below the 

Manitoba SQG (0.6 μg/g). Therefore, on average, cadmium should not pose a risk to aquatic biota in 

sediments. It is noted, however, that some spatial variability in the cadmium content of flooded peat may 

result in localized exceedances of the SQG as some individual measurements were above the SQG in 

peat. However, the highest measured concentration of cadmium in peat (0.847 μg/g) is well below the 

Manitoba PEL (3.5 μg/g), which is the threshold above which adverse effects are expected to occur 

frequently. 

Other substances that are higher in surface peat than aquatic sediments include: lead (Figure 2-23); 

potassium (Figure 2-29); and sodium (Figure 2-30). However, the mean concentrations of these 

substances in surface peat were within the observed range of concentrations measured in sediments 

across study sites and years. That is, average levels fall within existing conditions and, in the case of lead, 

are most notably below SQGs.  

For two substances, arsenic and selenium, the available information is insufficient to quantitatively 

compare peat quality to existing sediment quality due to differences in analytical DLs. In the case of 

arsenic, the mean peat concentration was below the analytical DL (4 μg/g), although arsenic was detected 

in some samples. The DL for arsenic in peat was higher than the mean concentration measured in 

sediment in 2001 (1.08 μg/g), but the mean concentration of arsenic measured in sediments in 2002 

(4.46 μg/g) was higher than the DL for peat. When detected in peat (i.e., concentrations above the DL of 

4 μg/g), concentrations of arsenic were therefore somewhat higher than sediment concentrations. 

Overall, it appears that the concentration of arsenic in peat is similar to or possibly somewhat higher than 

that of the existing sediments. Regardless, the applicable DL for the analysis of arsenic in peat was below 

the SQG for the protection of aquatic life and therefore, arsenic should not pose a risk to aquatic biota. 

Similarly, selenium was not detected in peat samples, but due to the relatively high analytical DL 

(10 μg/g) direct comparison to SQGs cannot be made. On the basis of the higher analytical DL, it must 

be assumed that selenium may be higher in peat than in current sediments. While there are no SQGs for 
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selenium in Manitoba, the DL employed for the analysis of selenium in Keeyask peat samples is above 

the BCMOE SQG of 2.0 μg/g. However, the BCMOE SQG is intended to be adjusted for the percent 

of TOC; the SQG increases with increasing TOC. Although the concentration of TOC in Keeyask peat 

samples is not known, it is likely above the default TOC concentration of 5% for the SQG of 2.0 μg/g. 

Therefore, concentrations of selenium in peat may be below the applicable SQG based on TOC content. 

In addition, concentrations in peat may be similar to those in aquatic sediments, but the available 

information is insufficient for comparison. 

Flooded organic peat substrates will gradually become covered with mineral sediment over the operation 

period. By approximately Year 30 of operation, the majority of the sediments in the reservoir will be 

mineral, with localized pockets of organic substrates persisting near the mouths of small tributaries 

(Section 3). Therefore, sediment quality will evolve over time to more closely resemble current sediment 

quality in most of the reservoir.  

No effects to sediment quality are expected in the Stephens Lake area or downstream as flooding is 

restricted to the Keeyask area and areas that are currently sedimentary will continue to be sedimentary 

with the Project (PE SV, Section 7). 

2.6.4.3 Residual Effects 

2.6.4.3.1 Construction Period 

Residual effects of construction of the Keeyask Project on sediment quality are summarized in 

Table 2-26. Effects are expected to be negligible. 

2.6.4.3.2 Operation Period 

Residual effects of operation of the Keeyask Project on sediment quality are summarized in Table 2-27. 

Effects are predicted to be negligible in all areas except the Keeyask reservoir, where flooding of 

terrestrial soils and peat may lead to small increases in mercury concentrations in sediments until Year 30, 

but overall levels are expected to remain below the Manitoba Sediment Quality Guidelines. 

2.6.4.3.3 Summary of Residual Effects 

The residual effects of construction are expected to be negligible (Table 2-26). During the first 30 years 

of operation, the Project will cause frequent, long-term, negligible to small changes in sediment quality 

over a small geographic extent (i.e., in newly-flooded nearshore areas) (Table 2-27). Despite the potential 

for increased mercury concentrations in nearshore sediments, total mercury values are not expected to 

exceed Manitoba Sediment Quality Guidelines. These effects to sediment quality are not reversible. The 

technical sediment quality assessment is based on scientific literature and information collected from a 

proxy reservoir (i.e., Stephens Lake) and the overall certainty associated with the predictions is high.  

2.6.4.4 Environmental Monitoring and Follow-up 

No monitoring of sediment quality is required. 
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Table 2-1: Water quality variables discussed in the EIS and rationale for their inclusion  

Water Quality 

Category 
Indicators Linkage to the Project Importance of Variables 

Nitrogen, 

phosphorus, carbon, 

chlorophyll a 

Total Kjeldahl nitrogen; 

Ammonia; 

Nitrate/nitrite; 

Total nitrogen; 

Total phosphorus; 

Total dissolved 

phosphorus; 

Total organic carbon; 

Dissolved organic 

carbon; and 

Chlorophyll a. 

Flooding and decomposition of organic 

materials may introduce nutrients to the 

water column; 

Erosion of mineral or organic soils may 

increase nutrient concentrations in aquatic 

ecosystems; 

Changes in water regime (e.g., reduced 

velocities) may affect settling/suspension of 

particulate materials; and 

Chlorophyll a (an indicator of phytoplankton 

abundance) is included as a supporting 

variable (for interpretation of nutrient 

information). Phytoplankton is discussed in 

detail in Section 4. 

Excessive nutrients may lead to increased primary 

production (which may then lead to other trophic 

effects); 

Eutrophication may be associated with larger or 

more frequent algal blooms, development of 

noxious algal blooms, dissolved oxygen issues, 

production of algal toxins, taste and odour issues, 

and reduced aesthetic quality; and 

There is a narrative water quality guideline for 

nutrients in MB and a CCME phosphorus guidance 

framework for the management of freshwater 

systems. 

Water clarity Total suspended solids; 

Turbidity; 

True colour; 

DOC; 

Secchi disk depth; and 

Light extinction. 

Changes in velocities, depths, and residence 

times may affect settling of particulate 

materials; 

Erosion of mineral soils and disintegration of 

peat may increase TSS and related 

parameters; and 

Flooding and decomposition of organic 

materials may increase water colour and 

DOC and affect light properties. 

Water clarity and colour affect the availability and 

quality of light in surface waters, which in turn 

affect primary producers. Reducing water clarity 

can lead to lower levels of plant or algal growth; 

The colour and transparency of water also affects 

behaviour and survival/growth/condition of some 

biota (e.g., reducing predation success of visual 

predators; increased survival of fish due to reduced 

acuity of predators); 

Total suspended solids may be harmful to aquatic 
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Table 2-1: Water quality variables discussed in the EIS and rationale for their inclusion  

Water Quality 

Category 
Indicators Linkage to the Project Importance of Variables 

life; 

There are water quality objectives/guidelines for 

the protection of aquatic life for total suspended 

solids; 

Reduced water clarity may affect navigation; 

Turbidity/total suspended solids may affect the 

efficacy of water treatment facilities;  

There are aesthetic drinking water quality 

guidelines for colour and health-based guidelines 

for turbidity; and 

There are recreational water quality guidelines for 

water clarity. 

Water salinity Total dissolved solids; 

and 

Specific conductance. 

The amount of dissolved materials (i.e., 

salinity) in water may be affected by 

flooding. 

High levels of dissolved solids can be harmful to 

freshwater aquatic life;  

Used as a general indicator of changes in water 

quality; and 

There is an aesthetic objective for drinking water 

quality for total dissolved solids. 
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Table 2-1: Water quality variables discussed in the EIS and rationale for their inclusion  

Water Quality 

Category 
Indicators Linkage to the Project Importance of Variables 

Metals/metalloids Metals; and  

Hardness. 

Changes in velocities, depths, and residence 

times may affect settling of particulate 

materials and thus metals bound to 

particulate materials; 

Erosion of mineral soils and disintegration of 

peat may increase TSS and particulate-

bound metals; 

Decomposition of flooded peat may affect 

concentrations of metals in water; 

Hardness is a supporting variable (water 

quality objectives for some metals are 

dependent on water hardness); and 

Flooding and decomposition may stimulate 

production of methylmercury and 

subsequent bioaccumulation. 

Metals/metalloids include some essential elements 

(e.g., calcium) and non-essential elements (e.g., 

arsenic); 

Many metals/metalloids can be toxic to aquatic life, 

wildlife, or humans; and 

There are water quality objectives and guidelines 

for the protection of aquatic life and drinking water 

for numerous metals/metalloids. 

 

pH and alkalinity pH; 

Total alkalinity; 

Bicarbonate 

alkalinity; 

Hydroxide alkalinity; 

and 

Carbonate alkalinity. 

pH may be reduced due to flooding and 

decomposition of organic materials; and 

May be indirect effects related to Project-

induced changes in algal abundance. 

High or low pH may be harmful to aquatic life; 

pH may have aesthetic effects on drinking water;  

There are water quality guidelines for pH for the 

protection of aquatic life and recreation and 

aesthetic objectives for drinking water; and 

pH may affect the cycling and forms of other 

substances in water. 
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Table 2-1: Water quality variables discussed in the EIS and rationale for their inclusion  

Water Quality 

Category 
Indicators Linkage to the Project Importance of Variables 

Dissolved oxygen Dissolved oxygen; 

and 

Temperature. 

Decomposition of flooded organic 

materials may reduce dissolved oxygen; 

Decomposition of eroded/disintegrated 

peat may reduce dissolved oxygen; 

Changes in water regime/morphometry 

may affect DO (e.g., water velocities, 

depths, fetch, residence times); 

Changes in the ice regime may affect DO 

(i.e., changes in the duration and extent 

of ice cover);  

Changes in primary production may affect 

DO (i.e., diurnal DO swings, DO depletion 

during senescence of primary producers); 

and 

Water temperature is considered as it 

closely relates to dissolved oxygen 

saturation, stratification/mixing, and to the 

presence of early or mature life stages. 

Dissolved oxygen is essential for most forms of 

aquatic life; 

DO may affect the cycling of other substances in 

water (e.g., precipitation/release of iron from 

sediments); and 

There are water quality objectives/guidelines for 

the protection of aquatic life. 

Bacteria and 

Parasites 

Fecal coliform 

bacteria; 

Giardia sp.; and 

Cryptosporidium sp. 

Coliform bacteria may be increased by 

introduction of treated sewage effluent. 

Coliform bacteria may affect the suitability of 

aquatic ecosystems for recreation and drinking 

water quality; and 

There are water quality guidelines/objectives for 

recreation and drinking water. 
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Table 2-2: Summary of key variables (means) measured in the study area and at several Manitoba Water Stewardship monitoring sites in northern Manitoba 

Sites TP TKN pH  Total Alkalinity TSS Turbidity True 

Colour 

TDS Specific 

Conductance 4 

TOC Hardness 

(as CaCO3) 

Total 

Aluminum 

Total 

Iron 

Chlorophyll 

a 

Data 

Period 

 (mg/L) (mg/L) (Laboratory) (mg/L as CaCO3) (mg/L) (NTU) (TCU) (mg/L) (µS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (µg/L)  

Mainstem Sites 1              

SPL3 0.040 0.4 8.05 - 17 37 - - 154 9 - - - 4 2001–2003 

SPL4 0.038 0.5 8.14 - 12 25 - - 291 8 - - - 6 2001–2003 

SPL5 0.030 0.6 7.97 - 8 14 - - 205 13 - - - 6 2001–2003 

SPL6 0.037 0.5 8.15 - 12 27 - - 285 9 - - - 7 2001–2003 

SPL7 0.038 0.5 8.13 89 14 28 35 167 250 9 104.3 1.44 1.04 6 2001–2004 

SPL8 0.039 0.5 8.11 89 15 29 21 163 245 8 103.3 1.46 0.94 6 2001–2004 

SPL9 0.034 0.4 8.24 104 14 18 18 195 313 8 124.5 1.18 0.74 6 2004 

YL1 0.033 0.6 8.13 93 8 17 31 169 270 10 107.4 0.97 0.58 5 2002–2004 

CL1 0.040 0.5 8.14 96 15 28 19 178 258 9 114.0 1.52 0.92 6 2001–2004 

NR1 0.039 0.4 8.13 - 16 28 - - 252 8 - - - 5 2001–2004 

NR2 0.038 0.5 8.11 91 16 28 26 168 257 8 110.8 1.50 1.12 6 2001–2004 

GL1 0.039 0.5 8.07 - 15 31 - - 251 9 - - - 6 2001–2003 

GL2 0.039 0.5 8.10 - 15 31 - - 258 8 - - - 6 2001–2003 

Camp 1 0.045 0.5 8.18 87 18 35 43 153 244 9 106.6 1.94 1.39 5 2003 

Camp 2 0.043 0.5 8.23 85 15 33 41 153 245 9 103.5 1.45 1.06 5 2003 

STL1 0.037 0.5 8.16 92 15 28 26 178 260 9 107.8 1.42 0.98 6 2001–2004 

STL2 0.034 0.5 8.12 - 11 24 - - 255 8 - - - 5 2001–2004 

GT1 0.036 0.4 8.17 89 10 22 28 158 252 9 105.7 1.24 0.84 6 2002–2004 

NR3 0.033 0.4 8.14 - 10 21 - - 252 9 - - - 6 2002–2004 

NR4 0.032 0.5 8.13 89 9 20 26 157 252 8 101.1 1.18 0.77 5 2002–2004 

NR5 0.030 0.4 8.24 91 8 19 28 159 248 9 102.3 0.99 0.63 4 2002–2004 

NR6 0.032 0.4 8.15 91 9 18 23 162 251 9 102.1 1.08 0.71 5 2002–2004 

NR7 0.037 0.4 8.20 - 13 24 - - 254 9 - - - 6 2002–2004 

NR8 0.033 0.4 8.25 - 14 23 - - 252 9 - - - 6 2002–2004 

Off-system Sites 1              

STL3 (North Arm of Stephens Lake) 0.016 0.4 8.19 - 7 10 - - 281 8 - - - 2 2004 

AL1 0.023 0.4 8.19 - 9 13 - - 209 10 - - - 3 2001–2003 

AL2 0.020 0.5 8.07 - 4 6 - - 184 11 - - - 3 2001–2003 
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Table 2-2: Summary of key variables (means) measured in the study area and at several Manitoba Water Stewardship monitoring sites in northern Manitoba 

Sites TP TKN pH  Total Alkalinity TSS Turbidity True 

Colour 

TDS Specific 

Conductance 4 

TOC Hardness 

(as CaCO3) 

Total 

Aluminum 

Total 

Iron 

Chlorophyll 

a 

Data 

Period 

 (mg/L) (mg/L) (Laboratory) (mg/L as CaCO3) (mg/L) (NTU) (TCU) (mg/L) (µS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (µg/L)  

Large Tributaries 1              

SPL1 (Burntwood River) 0.040 0.4 8.02 57 19 37 48 91 121 8 59.7 1.85 1.43 4 2001–2004 

SPL2 (Nelson River at Split Lake) 0.038 0.5 8.14 104 13 23 20 198 302 8 123.2 1.20 0.77 6 2001–2004 

AK1 (Aiken River) 0.026 0.8 7.79 77 7 6 66 118 160 17 83.1 0.31 0.33 5 2002–2003 

LR-1 (Limestone River) 0.014 0.4 8.22 - 3 3 - - 272 14 -   2 2002–2004 

AR-1 (Angling River) 0.012 0.5 8.05 - 2 2 - - 157 15 - - - 2 2002–2004 

WR-1 (Weir River) 0.014 0.4 8.15 - 4 3 - - 228 15 - - - 2 2002–2004 

Small Tributaries 1                

TRIB-1 (Two Goose Creek) 0.013 0.4 7.71 - <2 2 - - 141 16 - - - 1 2003–2004 

TRIB-2 (Portage Creek) 0.020 0.6 7.67 - 2 3 - - 125 18 - - - 2 2003–2004 

TRIB-3 (Rabbit Creek) 0.016 0.6 7.61 - 2 4 - - 168 23 - - - 2 2003–2004 

BC-1 (Beaver Creek) 0.008 0.5 7.85 - 2 2 - - 149 23 - - - <1 2004 

SCK-1 (Swift Creek) 0.008 0.4 7.95 - <2 1 - - 177 16 - - - <1 2004 

TC-1 (Tiny Creek) 0.010 0.5 7.88 - 4 3 - - 133 21 - - - <1 2004 

GC-1 (Goose Creek) 0.005 0.5 7.98 - <2 1 - - 146 19 - - - <1 2004 

15C-1 (Creek #15) 0.007 0.5 7.73 - <2 1 - - 104 21 - - - <1 2004 

Regional Sites 2                

Burntwood River at Thompson 0.060 0.4 7.79 56 17 29 43 94 119 8 58 1.41 1.30 - 1997–2006 

Nelson River at Sipiwesk Lake 

Outflow 
0.045 0.5 7.94 102 11 16 22 188 304 8 118 0.71 0.58 - 1997–2006 

Churchill River Upstream of Granville  

Lake 
0.024 0.3 7.43 35 5 6 16 56 96 8 33 0.33 0.29 - 1997–2006 

Split Lake near the Community of 

Split Lake 
0.049 0.4 7.91 93 14 21 28 169 263 8 107 0.91 0.79  1997–2006 

Hayes River 3 0.020 0.5 7.94 80.4 12 11 44 88 140 12 82 0.32 0.50 - 1993–1995 

Note: Data represent samples collected in the open water period only. 
TP = total phosphorus, TKN = total Kjeldahl nitrogen, TSS = total suspended solids, TDS = total dissolved solids, TOC = total organic carbon.  

1. Data from this study. 
2. Data provided by Manitoba Water Stewardship. 
3. Data provided by Environment Canada. 
4. In situ data (this study) and laboratory data (Regional sites). 
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Table 2-3: Canadian Council of Resource and Environment Ministers (CCREM 1987) 

classification scheme for water hardness of surface waters 

Hardness as calcium carbonate (mg/L) Degree of Hardness 

0–30 Very soft 

31–60 Soft 

61–120 Moderately soft (hard) 

121–180 Hard 

180+ Very Hard 

 

 

Table 2-4: Saffran and Trew (1996) categorization of acid sensitivity of aquatic 

ecosystems 

Parameter Units 
Acid Sensitivity 

High Moderate Low Least 

pH  <6.5 6.6–7.0 7.1–7.5 >7.5 

Total Alkalinity mg/L (as CaCO3) 0–10 11–20 21–40 >40 

Calcium mg/L 0–4 5–8 9–25 >25 

Total dissolved solids mg/L 0–50 51–200 201–500 >500 
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Table 2-5: Canadian Council of Ministers of the Environment (CCME 1999; updated to 2012) trophic categories for 

freshwater aquatic ecosystems based on total phosphorus (TP; μg/L), and mean concentrations of TP 

measured across the study area (2001–2004 open water seasons). Mean TP concentrations for three 

Manitoba Water Stewardship (MWS) water quality monitoring sites in northern Manitoba (1997–2006 open 

water seasons) are also provided for context 

 Lake Trophic Status (CCME 1999; updated to 2012) 

Years 

Sampled CCME Trophic 

Categories 

Ultra-

oligotrophic 
Oligotrophic 

Oligo-

mesotrophic 
Mesotrophic 

Meso-

eutrophic 
Eutrophic Hyper-eutrophic 

<4 4–10 - 10–20 20–35 35–100 >100 

Mainstem Sites         

SPL3      40  2001–2003 

SPL4      38  2001–2003 

SPL6      37  2001–2003 

SPL7      38  2001–2004 

SPL8      39  2001–2004 

CL1      40  2001–2004 

GL1      39  2001–2003 

GL2      39  2001–2003 

NR1      39  2001–2004 

NR2      38  2001–2004 

Camp 1      45  2003 

Camp 2      43  2003 

STL1      37  2001–2004 
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Table 2-5: Canadian Council of Ministers of the Environment (CCME 1999; updated to 2012) trophic categories for 

freshwater aquatic ecosystems based on total phosphorus (TP; μg/L), and mean concentrations of TP 

measured across the study area (2001–2004 open water seasons). Mean TP concentrations for three 

Manitoba Water Stewardship (MWS) water quality monitoring sites in northern Manitoba (1997–2006 open 

water seasons) are also provided for context 

 Lake Trophic Status (CCME 1999; updated to 2012) 

Years 

Sampled CCME Trophic 

Categories 

Ultra-

oligotrophic 
Oligotrophic 

Oligo-

mesotrophic 
Mesotrophic 

Meso-

eutrophic 
Eutrophic Hyper-eutrophic 

<4 4–10 - 10–20 20–35 35–100 >100 

STL2     34   2001–2004 

GT1      36  2002–2004 

NR3     33   2002–2004 

NR4     32   2002–2004 

NR5     30   2002–2004 

NR6     32   2002–2004 

NR7      37  2002–2004 

NR8     33   2002–2004 

Off-current Sites        

SPL5     30   2001–2003 

YL1     33   2002–2004 

STL3    16    2004 

Tributaries         

AL1     23   2001–2003 
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Table 2-5: Canadian Council of Ministers of the Environment (CCME 1999; updated to 2012) trophic categories for 

freshwater aquatic ecosystems based on total phosphorus (TP; μg/L), and mean concentrations of TP 

measured across the study area (2001–2004 open water seasons). Mean TP concentrations for three 

Manitoba Water Stewardship (MWS) water quality monitoring sites in northern Manitoba (1997–2006 open 

water seasons) are also provided for context 

 Lake Trophic Status (CCME 1999; updated to 2012) 

Years 

Sampled CCME Trophic 

Categories 

Ultra-

oligotrophic 
Oligotrophic 

Oligo-

mesotrophic 
Mesotrophic 

Meso-

eutrophic 
Eutrophic Hyper-eutrophic 

<4 4–10 - 10–20 20–35 35–100 >100 

AL2    20    2001–2003 

SPL1      40  2001–2004 

SPL2      38  2001–2004 

SPL9     34   2004 

AK1     26   2002–2003 

TRIB-1    13    2003–2004 

TRIB-2    20    2003–2004 

TRIB-3    16    2003–2004 

LR-1    14    2002–2004 

AR-1    12    2002–2004 

WR-1    14    2002–2004 

BC-1  8      2004 

SCK-1  8      2004 

TC-1  10      2004 
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AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY 2-123 

Table 2-5: Canadian Council of Ministers of the Environment (CCME 1999; updated to 2012) trophic categories for 

freshwater aquatic ecosystems based on total phosphorus (TP; μg/L), and mean concentrations of TP 

measured across the study area (2001–2004 open water seasons). Mean TP concentrations for three 

Manitoba Water Stewardship (MWS) water quality monitoring sites in northern Manitoba (1997–2006 open 

water seasons) are also provided for context 

 Lake Trophic Status (CCME 1999; updated to 2012) 

Years 

Sampled CCME Trophic 

Categories 

Ultra-

oligotrophic 
Oligotrophic 

Oligo-

mesotrophic 
Mesotrophic 

Meso-

eutrophic 
Eutrophic Hyper-eutrophic 

<4 4–10 - 10–20 20–35 35–100 >100 

GC-1  5      2004 

15C-1  7      2004 
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Table 2-6: Detection frequencies exceedance for metals measured in the study area: 2001–2006 

Sample Location Location ID 
 

Aluminum Antimony Arsenic Barium Beryllium Bismuth Boron Cadmium Calcium 

      (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Burntwood River SPL-1 # Samples 12 12 12 12 12 4 12 12 12 

  
# Detected 12 0 4 12 0 0 1 1 12 

  
% Detected 100 0 33 100 0 0 8 8 100 

   
         Upper Nelson River SPL-9 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 4 0 4 4 0 0 3 0 4 

  
% Detected 100 0 100 100 0 0 75 0 100 

   
         Upper Nelson River SPL-2 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 4 0 4 4 0 0 3 2 4 

  
% Detected 100 0 100 100 0 0 75 50 100 

   
         Aiken River AK-1 # Samples 8 8 8 8 8 0 8 8 8 

  
# Detected 8 0 3 8 0 - 0 2 8 

  
% Detected 100 0 38 100 0 - 0 25 100 

   
         Split Lake SPL-5 # Samples 1 1 1 1 1 1 1 1 1 

  
# Detected 1 0 1 1 0 1 0 0 1 

  
% Detected 100 0 100 100 0 100 0 0 100 

   
         Split Lake -  

near York Landing 

YL-1 # Samples 11 11 11 11 11 3 11 11 11 

 
# Detected 11 0 11 11 0 1 3 0 11 

  
% Detected 100 0 100 100 0 33 27 0 100 

   
         Split Lake SPL-7 # Samples 19 19 19 19 19 5 19 19 19 

  
# Detected 19 2 19 19 0 0 6 3 19 

  
% Detected 100 11 100 100 0 0 32 16 100 

   
         Split Lake SPL-8 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 4 0 4 4 0 0 2 1 0 

  
% Detected 100 0 100 100 0 0 50 25 0 

   
         Clark Lake CL-1 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 4 0 4 4 0 0 2 2 4 

  
% Detected 100 0 100 100 0 0 50 50 100 

   
         Nelson River NR-2 # Samples 17 17 17 17 17 4 17 17 17 

  
# Detected 17 2 17 17 0 1 4 2 17 

  
% Detected 100 12 100 100 0 25 24 12 100 

   
         Nelson River Camp-1 # Samples 4 4 4 4 4 0 4 4 4 

  
# Detected 4 1 4 4 0 - 0 0 4 

  
% Detected 100 25 100 100 0 - 0 0 100 

   
         Nelson River Camp-2 # Samples 4 4 4 4 4 0 4 4 4 

  
# Detected 4 0 4 4 0 - 0 0 4 

  
% Detected 100 0 100 100 0 - 0 0 100 

   
         Stephens Lake STL-1 # Samples 20 20 20 20 20 5 20 20 20 

  
# Detected 20 3 19 20 0 1 7 4 20 

  
% Detected 100 15 95 100 0 20 35 20 100 

   
         Stephens Lake - 

near Gillam 

GT-1 # Samples 13 13 13 13 13 4 13 13 13 

 
# Detected 13 1 13 13 0 1 2 1 13 

  
% Detected 100 8 100 100 0 25 15 8 100 

   
         Nelson River - 

Limestone GS 

Reservoir 

NR-4 # Samples 15 15 15 15 15 6 15 15 15 

 
# Detected 15 0 15 15 0 1 2 2 15 

 
% Detected 100 0 100 100 0 17 13 13 100 

   
         Nelson River NR-5 # Samples 11 11 11 11 11 4 11 11 11 

  
# Detected 11 0 10 11 0 0 1 1 11 

  
% Detected 100 0 91 100 0 0 9 9 100 

   
         Nelson River NR-6 # Samples 12 12 12 12 12 4 12 12 12 

  
# Detected 12 1 11 12 0 1 1 3 12 

    % Detected 100 8 92 100 0 25 8 25 100 
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Table 2-6: Detection frequencies exceedance for metals measured in the study area: 2001–2006 

Sample Location Location ID 
 

Chromium Cobalt Copper Iron Lead Magnesium Manganese Mercury Molybdenum 

      (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Burntwood River SPL-1 # Samples 12 12 12 12 12 12 12 12 12 

  
# Detected 12 12 12 12 10 12 12 0 10 

  
% Detected 100 100 100 100 83 100 100 0 83 

   
         Upper Nelson River SPL-9 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 4 3 4 4 2 4 4 0 4 

  
% Detected 100 75 100 100 50 100 100 0 100 

   
         Upper Nelson River SPL-2 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 3 4 4 4 1 4 4 0 4 

  
% Detected 75 100 100 100 25 100 100 0 100 

   
         Aiken River AK-1 # Samples 8 8 8 8 8 8 8 8 8 

  
# Detected 0 4 5 8 2 8 8 0 4 

  
% Detected 0 50 63 100 25 100 100 0 50 

   
         Split Lake SPL-5 # Samples 1 1 1 1 1 1 1 1 1 

  
# Detected 0 1 0 1 0 1 1 0 0 

  
% Detected 0 100 0 100 0 100 100 0 0 

   
         Split Lake - 

 near York Landing 
YL-1 # Samples 

11 11 11 11 11 11 11 11 11 

  
# Detected 2 8 11 11 4 11 11 2 11 

  
% Detected 18 73 100 100 36 100 100 18 100 

   
         Split Lake SPL-7 # Samples 19 19 19 19 19 19 19 19 19 

  
# Detected 12 19 18 19 17 19 19 0 19 

  
% Detected 63 100 95 100 89 100 100 0 100 

   
         Split Lake SPL-8 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 3 0 3 4 3 4 4 0 4 

  
% Detected 75 0 75 100 75 100 100 0 100 

   
         Clark Lake CL-1 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 4 4 3 4 2 4 4 0 4 

  
% Detected 100 100 75 100 50 100 100 0 100 

   
         Nelson River NR-2 # Samples 17 17 17 17 17 17 17 17 17 

  
# Detected 9 17 16 17 14 17 17 0 17 

  
% Detected 53 100 94 100 82 100 100 0 100 

   
         Nelson River Camp-1 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 3 4 4 4 4 4 4 1 4 

  
% Detected 75 100 100 100 100 100 100 25 100 

   
         Nelson River Camp-2 # Samples 4 4 4 4 4 4 4 4 4 

  
# Detected 3 4 4 4 3 4 4 1 4 

  
% Detected 75 100 100 100 75 100 100 25 100 

   
         Stephens Lake STL-1 # Samples 20 20 20 20 20 20 20 20 20 

  
# Detected 12 20 20 20 15 20 20 3 20 

  
% Detected 60 100 100 100 75 100 100 15 100 

   
         Stephens Lake -  

near Gillam 
GT-1 # Samples 

13 13 13 13 13 13 13 13 13 

  
# Detected 6 13 13 13 9 13 13 1 13 

  
% Detected 46 100 100 100 69 100 100 8 100 

   
         Nelson River - 

Limestone GS 

Reservoir 

NR-4 # Samples 

15 15 15 15 15 15 15 15 15 

  
# Detected 8 15 14 15 9 15 15 3 15 

  
% Detected 53 100 93 100 60 100 100 20 100 

   
         Nelson River NR-5 # Samples 11 11 11 11 11 11 11 11 11 

  
# Detected 5 11 10 11 2 11 11 3 11 

  
% Detected 45 100 91 100 18 100 100 27 100 

   
         Nelson River NR-6 # Samples 12 12 12 12 12 12 12 12 12 

  
# Detected 5 12 11 12 2 12 12 1 12 

    % Detected 42 100 92 100 17 100 100 8 100 
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Table 2-6: Detection frequencies exceedance for metals measured in the study area: 2001–2006 

Sample Location 
Location 

ID  
Nickel Potassium Selenium Silver Sodium Strontium Thallium Tin Uranium Vanadium Zinc 

      (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Burntwood River SPL-1 # Samples 12 12 12 12 12 12 12 12 12 12 12 

  
# Detected 11 12 1 4 12 12 0 7 12 12 2 

  
% Detected 92 100 8 33 100 100 0 58 100 100 17 

              

Upper Nelson River SPL-9 # Samples 4 4 4 4 4 4 4 4 4 4 4 

  
# Detected 2 4 1 0 4 4 1 3 4 4 1 

  
% Detected 50 100 25 0 100 100 25 75 100 100 25 

   
           Upper Nelson River SPL-2 # Samples 4 4 4 4 4 4 4 4 4 4 4 

  
# Detected 2 4 0 1 4 4 1 1 4 4 1 

  
% Detected 50 100 0 25 100 100 25 25 100 100 25 

   
           Aiken River AK-1 # Samples 8 8 8 8 8 8 8 8 8 8 8 

  
# Detected 0 8 0 1 8 8 0 5 4 2 0 

  
% Detected 0 100 0 13 100 100 0 63 50 25 0 

   
           Split Lake SPL-5 # Samples 1 1 1 1 1 1 1 1 1 1 1 

  
# Detected 0 1 0 0 1 1 0 1 1 0 0 

  
% Detected 0 100 0 0 100 100 0 100 100 0 0 

   
           Split Lake -  

near York Landing 

YL-1 # Samples 11 11 11 11 11 11 11 11 11 11 11 

 
# Detected 4 11 1 1 11 11 1 7 11 10 1 

  
% Detected 36 100 9 9 100 100 9 64 100 91 9 

   
           Split Lake SPL-7 # Samples 19 19 19 19 19 19 19 19 19 19 19 

  
# Detected 16 19 1 3 19 19 4 10 19 19 4 

  
% Detected 84 100 5 16 100 100 21 53 100 100 21 

   
           Split Lake SPL-8 # Samples 4 4 4 4 4 4 4 4 4 4 4 

  
# Detected 4 4 2 0 4 4 1 0 4 4 4 

  
% Detected 100 100 50 0 100 100 25 0 100 100 100 

   
           Clark Lake CL-1 # Samples 4 4 4 4 4 4 4 4 4 4 4 

  
# Detected 3 4 0 0 4 4 3 1 4 4 3 

  
% Detected 75 100 0 0 100 100 75 25 100 100 75 

   
           Nelson River NR-2 # Samples 17 17 17 17 17 17 17 17 17 17 17 

  
# Detected 15 17 3 6 17 17 4 7 17 17 2 

  
% Detected 88 100 18 35 100 100 24 41 100 100 12 

   
           Nelson River Camp-1 # Samples 4 4 4 4 4 4 4 4 4 4 4 

  
# Detected 4 4 1 3 4 4 1 4 4 4 0 

  
% Detected 100 100 25 75 100 100 25 100 100 100 0 

   
           Nelson River Camp-2 # Samples 4 4 4 4 4 4 4 4 4 4 4 

  
# Detected 3 4 1 3 4 4 1 3 4 4 0 

  
% Detected 75 100 25 75 100 100 25 75 100 100 0 

   
           Stephens Lake STL-1 # Samples 20 20 20 20 20 20 20 20 20 20 20 

  
# Detected 17 20 3 3 20 20 7 10 20 20 5 

  
% Detected 85 100 15 15 100 100 35 50 100 100 25 

   
           Stephens Lake -  

near Gillam 

GT-1 # Samples 13 13 13 13 13 13 13 13 13 13 13 

 
# Detected 10 13 0 3 13 13 3 5 13 13 1 

  
% Detected 77 100 0 23 100 100 23 38 100 100 8 

   
           Nelson River -  

Limestone GS Reservoir 

NR-4 # Samples 15 15 15 15 15 15 15 15 15 15 15 

 
# Detected 11 15 1 4 15 15 2 12 15 15 5 

  
% Detected 73 100 7 27 100 100 13 80 100 100 33 

   
           Nelson River NR-5 # Samples 11 11 11 11 11 11 11 11 11 11 11 

  
# Detected 4 11 1 3 11 11 2 1 11 11 4 

  
% Detected 36 100 9 27 100 100 18 9 100 100 36 

   
           Nelson River NR-6 # Samples 12 12 12 12 12 12 12 12 12 12 12 

  
# Detected 6 12 1 4 12 12 1 2 12 12 4 

    % Detected 50 100 8 33 100 100 8 17 100 100 33 
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Table 2-7: Frequencies of exceedances of Manitoba Water Quality Standards, Objectives or Guidelines (MWQSOG) and 

Canadian Council of the Ministers of the Environment (CCME) guidelines for the Protection of Aquatic Life (PAL) 

for metals and major ions measured in the study area: 2001–2006 

Sample 

Location 

Location 

ID 
 

Aluminum 
 

Arsenic 
 

Boron 
 

Cadmium 

  MWQSOG CCME   MWQSOG CCME   MWQSOG CCME   MWQSOG CCME 

MWQSOG/CCME PAL (mg/L) 0.10 0.10 
 

0.150 0.005 
 

1.50 1.50 
 

0.00154–0.00335 0.00002–0.00005 

Aiken River AK-1 # Samples 8 8 

 

8 8 

 

8 8 

 

8 4 

  
# Above PAL 7 7 

 

0 0 

 

0 0 

 

0 1 

  
% Above PAL 88 88 

 

0 0 

 

0 0 

 

0 25 

   
           Burntwood River 

at Split Lake 

SPL-1 # Samples 12 12 

 

12 12 

 

12 12 

 

12 8 

 
# Above PAL 12 12 

 

0 0 

 

0 0 

 

0 1 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 13 

              

Upper Nelson 

River Upstream of 

Kelsey GS 

SPL-9 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

 
# Above PAL 4 4 

 

0 0 

 

0 0 

 

0 0 

 
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Upper Nelson 

River at Split Lake 

SPL-2 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

 
# Above PAL 4 4 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Split Lake Near 

York Landing 

YL-1 # Samples 11 11 

 

11 11 

 

11 11 

 

11 7 

 
# Above PAL 11 11 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Split Lake SPL-5 # Samples 1 1 

 

1 1 

 

1 1 

 

1 1 

  
# Above PAL 1 1 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Split Lake SPL-7 # Samples 19 19 

 

19 19 

 

19 19 

 

19 11 

  
# Above PAL 19 19 

 

0 0 

 

0 0 

 

0 1 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 9 

   
           Split Lake SPL-8 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL 4 4 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Clark Lake CL-1 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL 4 4 

 

0 0 

 

0 0 

 

0 1 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 25 

   
           Nelson River NR-2 # Samples 17 17 

 

17 17 

 

17 17 

 

17 10 

  
# Above PAL 17 17 

 

0 0 

 

0 0 

 

0 2 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 20 

   
           Nelson River Camp-1 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL 4 4 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Nelson River Camp-2 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL 4 4 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Stephens Lake STL-1 # Samples 20 20 

 

20 20 

 

20 20 

 

20 11 

  
# Above PAL 20 20 

 

0 0 

 

0 0 

 

0 1 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 9 

   
           Stephens Lake 

near Gillam 

GT-1 # Samples 13 13 

 

13 13 

 

13 13 

 

13 9 

 
# Above PAL 13 13 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Limestone 

Reservoir 

NR-4 # Samples 15 15 

 

15 15 

 

15 15 

 

15 11 

 
# Above PAL 15 15 

 

0 0 

 

0 0 

 

0 2 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 18 

   
           Long Spruce GS 

Reservoir 

NR-5 # Samples 11 11 

 

11 11 

 

11 11 

 

11 7 

 
# Above PAL 11 11 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 100 100 

 

0 0 

 

0 0 

 

0 0 

   
           Lower Nelson 

River 

NR-6 # Samples 12 12 

 

12 12 

 

12 12 

 

12 8 

 
# Above PAL 12 12 

 

0 0 

 

0 0 

 

0 1 

    % Above PAL 100 100   0 0   0 0   0 13 
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Table 2-7: Frequencies of exceedances of Manitoba Water Quality Standards, Objectives or Guidelines (MWQSOG) and 

Canadian Council of the Ministers of the Environment (CCME) guidelines for the Protection of Aquatic Life 

(PAL) for metals and major ions measured in the study area: 2001–2006 

Sample 

Location 

Location 

ID 
 

Chloride 
 

Chromium 
 

Copper   Iron 

  MWQSOG CCME   MWQSOG CCME   MWQSOG CCME   MWQSOG CCME 

MWQSOG/CCME PAL (mg/L) - 120 

 

0.053–0.119 0.0089 

 

0.006–0.013 0.002–0.00331 

 

0.30 0.30 

Aiken River AK-1 # Samples - 8 

 

8 8 

 

8 8 

 

8 8 

  
# Above PAL - 0 

 

0 0 

 

1 1 

 

4 4 

  
% Above PAL - 0 

 

0 0 

 

13 13 

 

50 50 

   
           Burntwood River 

at Split Lake 

SPL-1 # Samples - 12 

 

12 12 

 

12 12 

 

12 12 

 
# Above PAL - 0 

 

0 0 

 

0 11 

 

12 12 

  
% Above PAL - 0 

 

0 0 

 

0 92 

 

100 100 

              

Upper Nelson 

River Upstream of 

Kelsey GS 

SPL-9 # Samples - 4 

 

4 4 

 

4 4 

 

4 4 

 
# Above PAL - 0 

 

0 0 

 

0 4 

 

4 4 

 
% Above PAL - 0 

 

0 0 

 

0 100 

 

100 100 

   
           Upper Nelson 

River at Split Lake 

SPL-2 # Samples - 4 

 

4 4 

 

4 4 

 

12 12 

 
# Above PAL - 0 

 

0 0 

 

0 2 

 

4 4 

  
% Above PAL - 0 

 

0 0 

 

0 50 

 

100 33 

   
           Split Lake Near 

York Landing 

YL-1 # Samples - 11 

 

11 11 

 

11 11 

 

11 11 

 
# Above PAL - 0 

 

0 0 

 

1 5 

 

10 10 

  
% Above PAL - 0 

 

0 0 

 

9 45 

 

91 91 

   
           Split Lake SPL-5 # Samples - 1 

 

1 1 

 

1 1 

 

1 1 

  
# Above PAL - 0 

 

0 0 

 

0 0 

 

1 1 

  
% Above PAL - 0 

 

0 0 

 

0 0 

 

100 100 

   
           Split Lake SPL-7 # Samples - 19 

 

19 19 

 

19 19 

 

19 19 

  
# Above PAL - 0 

 

0 0 

 

3 13 

 

19 19 

  
% Above PAL - 0 

 

0 0 

 

16 68 

 

100 100 

   
           Split Lake SPL-8 # Samples - 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL - 0 

 

0 0 

 

0 2 

 

4 4 

  
% Above PAL - 0 

 

0 0 

 

0 50 

 

100 100 

   
           Clark Lake CL-1 # Samples - 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL - 0 

 

0 0 

 

0 3 

 

4 4 

  
% Above PAL - 0 

 

0 0 

 

0 75 

 

100 100 

   
           Nelson River NR-2 # Samples - 17 

 

17 17 

 

17 17 

 

17 17 

  
# Above PAL - 0 

 

0 0 

 

0 11 

 

17 17 

  
% Above PAL - 0 

 

0 0 

 

0 65 

 

100 100 

   
           Nelson River Camp-1 # Samples - 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL - 0 

 

0 0 

 

0 4 

 

4 4 

  
% Above PAL - 0 

 

0 0 

 

0 100 

 

100 100 

   
           Nelson River Camp-2 # Samples - 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL - 0 

 

0 0 

 

0 3 

 

4 4 

  
% Above PAL - 0 

 

0 0 

 

0 75 

 

100 100 

   
           Stephens Lake STL-1 # Samples - 20 

 

20 20 

 

20 20 

 

20 20 

  
# Above PAL - 0 

 

0 0 

 

0 11 

 

20 20 

  
% Above PAL - 0 

 

0 0 

 

0 55 

 

100 100 

   
           Stephens Lake 

near Gillam 

GT-1 # Samples - 13 

 

13 13 

 

13 13 

 

13 13 

 
# Above PAL - 0 

 

0 0 

 

0 7 

 

13 13 

  
% Above PAL - 0 

 
0 0 

 
0 54 

 
100 100 

   
           Limestone 

Reservoir 

NR-4 # Samples - 15 
 

15 15 
 

15 15 
 

15 15 

 
# Above PAL - 0 

 
0 0 

 
1 11 

 
15 15 

  
% Above PAL - 0 

 
0 0 

 
7 73 

 
100 100 

   
           Long Spruce GS 

Reservoir 

NR-5 # Samples - 11 
 

11 11 
 

11 11 
 

11 11 

 
# Above PAL - 0 

 
0 0 

 
0 5 

 
10 10 

  
% Above PAL - 0 

 
0 0 

 
0 45 

 
91 91 

   
           Lower Nelson 

River 

NR-6 # Samples - 12 
 

12 12 
 

12 12 
 

12 12 

 
# Above PAL - 0 

 
0 0 

 
0 5 

 
12 12 

  
% Above PAL - 0   0 0   0 42   100 100 
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Table 2-7: Frequencies of exceedances of Manitoba Water Quality Standards, Objectives or Guidelines (MWQSOG) and 

Canadian Council of the Ministers of the Environment (CCME) guidelines for the Protection of Aquatic Life 

(PAL) for metals and major ions measured in the study area: 2001–2006 

Sample 

Location 

Location 

ID 
 

Lead 
 

Molybdenum 
 

Nickel  Selenium 

  MWQSOG CCME   MWQSOG CCME   MWQSOG CCME  MWQSOG CCME 

MWQSOG/CCME PAL (mg/L) 0.0015–0.0052 0.0015–0.0052 

 

0.073 0.073 

 

0.031–0.073 0.061–0.129  0.0010 0.0010 

Aiken River AK-1 # Samples 8 8 

 

8 8 

 

8 8  8 8 

  
# Above PAL 0 0 

 

0 0 

 

0 0  0 0 

  
% Above PAL 0 0 

 

0 0 

 

0 0  0 0 

   
        

   

Burntwood River 

at Split Lake 

SPL-1 # Samples 12 12 

 

12 12 

 

12 12  12 12 

 
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

  
% Above PAL 0 0 

 

0 0 

 

0 0  8 8 

              

Upper Nelson 

River Upstream of 

Kelsey GS 

SPL-9 # Samples 4 4 

 

4 4 

 

4 4  4 4 

 
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

 
% Above PAL 0 0 

 

0 0 

 

0 0  25 25 

   
        

   

Upper Nelson 

River at Split Lake 

SPL-2 # Samples 12 12 

 

4 4 

 

4 4  4 4 

 
# Above PAL 0 0 

 

0 0 

 

0 0  0 0 

  
% Above PAL 0 0 

 

0 0 

 

0 0  0 0 

   
        

   

Split Lake Near 

York Landing 

YL-1 # Samples 11 11 

 

11 11 

 

11 11  11 11 

 
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

  
% Above PAL 0 0 

 

0 0 

 

0 0  9 9 

   
        

   

Split Lake SPL-5 # Samples 1 1 

 

1 1 

 

1 1  1 1 

  
# Above PAL 0 0 

 

0 0 

 

0 0  0 0 

  
% Above PAL 0 0 

 

0 0 

 

0 0  0 0 

   
        

   

Split Lake SPL-7 # Samples 19 19 

 

19 19 

 

19 19  19 19 

  
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

  
% Above PAL 0 0 

 

0 0 

 

0 0  5 5 

   
        

   

Split Lake SPL-8 # Samples 4 4 

 

4 4 

 

4 4  4 4 

  
# Above PAL 0 0 

 

0 0 

 

0 0  2 2 

  
% Above PAL 0 0 

 

0 0 

 

0 0  50 50 

   
        

   

Clark Lake CL-1 # Samples 4 4 

 

4 4 

 

4 4  4 4 

  
# Above PAL 0 0 

 

0 0 

 

0 0  0 0 

  
% Above PAL 0 0 

 

0 0 

 

0 0  0 0 

   
        

   

Nelson River NR-2 # Samples 17 17 

 

17 17 

 

17 17  17 17 

  
# Above PAL 0 0 

 

0 0 

 

0 0  3 3 

  
% Above PAL 0 0 

 

0 0 

 

0 0  18 18 

   
        

   

Nelson River Camp-1 # Samples 4 4 

 

4 4 

 

4 4  4 4 

  
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

  
% Above PAL 0 0 

 

0 0 

 

0 0  25 25 

   
        

   

Nelson River Camp-2 # Samples 4 4 

 

4 4 

 

4 4  4 4 

  
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

  
% Above PAL 0 0 

 

0 0 

 

0 0  25 25 

   
        

   

Stephens Lake STL-1 # Samples 20 20 

 

20 20 

 

20 20  20 20 

  
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

  
% Above PAL 0 0 

 

0 0 

 

0 0  5 5 

   
        

   

Stephens Lake 

near Gillam 

GT-1 # Samples 13 13 

 

13 13 

 

13 13  13 13 

 
# Above PAL 0 0 

 

0 0 

 

0 0  0 0 

  
% Above PAL 0 0 

 

0 0 

 

0 0  0 0 

   
        

   

Limestone 

Reservoir 

NR-4 # Samples 15 15 

 

15 15 

 

15 15  15 15 

 
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

  
% Above PAL 0 0 

 

0 0 

 

0 0  7 7 

   
        

   

Long Spruce GS 

Reservoir 

NR-5 # Samples 11 11 

 

11 11 

 

11 11  11 11 

 
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

  
% Above PAL 0 0 

 

0 0 

 

0 0  9 9 

   
        

   

Lower Nelson 

River 

NR-6 # Samples 12 12 

 

12 12 

 

12 12  12 12 

 
# Above PAL 0 0 

 

0 0 

 

0 0  1 1 

    % Above PAL 0 0   0 0   0 0  8 8 
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Table 2-7: Frequencies of exceedances of Manitoba Water Quality Standards, Objectives or Guidelines (MWQSOG) and 

Canadian Council of the Ministers of the Environment (CCME) guidelines for the Protection of Aquatic Life 

(PAL) for metals and major ions measured in the study area: 2001–2006 

Sample 

Location 

Location 

ID  

Selenium 
 

Silver 
 

Thallium 
 

Uranium 
 

Zinc 

MWQSOG CCME   MWQSOG CCME   MWQSOG CCME   MWQSOG CCME   MWQSOG CCME 

MWQSOG/CCME PAL (mg/L) 0.0010 0.0010 

 

0.0001 0.0001 

 

0.0008 0.0008 

 

0.015 0.015 

 

0.07–0.17 0.03 

Aiken River AK-1 # Samples 8 8 

 

8 8 

 

8 8 

 

8 8 

 

8 8 

  
# Above PAL 0 0 

 

1 1 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 0 0 

 

13 13 

 

0 0 

 

0 0 

 

0 0 

   
              Burntwood River 

at Split Lake 

SPL-1 # Samples 12 12 

 

12 12 

 

12 12 

 

12 12 

 

12 12 

 
# Above PAL 1 1 

 

4 4 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 8 8 

 

33 33 

 

0 0 

 

0 0 

 

0 0 

                 

Upper Nelson 

River Upstream of 

Kelsey GS 

SPL-9 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

 

4 4 

 
# Above PAL 1 1 

 

0 0 

 

0 0 

 

0 0 

 

0 1 

 
% Above PAL 25 25 

 

0 0 

 

0 0 

 

0 0 

 

0 25 

   
              Upper Nelson 

River at Split Lake 

SPL-2 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

 

4 4 

 
# Above PAL 0 0 

 

1 1 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 0 0 

 

25 25 

 

0 0 

 

0 0 

 

0 0 

   
              Split Lake Near 

York Landing 

YL-1 # Samples 11 11 

 

11 11 

 

11 11 

 

11 11 

 

11 11 

 
# Above PAL 1 1 

 

0 0 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 9 9 

 

0 0 

 

0 0 

 

0 0 

 

0 0 

   
              Split Lake SPL-5 # Samples 1 1 

 

1 1 

 

1 1 

 

1 1 

 

1 1 

  
# Above PAL 0 0 

 

0 0 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 0 0 

 

0 0 

 

0 0 

 

0 0 

 

0 0 

   
              Split Lake SPL-7 # Samples 19 19 

 

19 19 

 

19 19 

 

19 19 

 

19 19 

  
# Above PAL 1 1 

 

3 3 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 5 5 

 

16 16 

 

0 0 

 

0 0 

 

0 0 

   
              Split Lake SPL-8 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL 2 2 

 

0 0 

 

0 0 

 

0 0 

 

0 1 

  
% Above PAL 50 50 

 

0 0 

 

0 0 

 

0 0 

 

0 25 

   
              Clark Lake CL-1 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL 0 0 

 

0 0 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 0 0 

 

0 0 

 

0 0 

 

0 0 

 

0 0 

   
              Nelson River NR-2 # Samples 17 17 

 

17 17 

 

17 17 

 

17 17 

 

17 17 

  
# Above PAL 3 3 

 

6 6 

 

0 0 

 

0 0 

 

0 1 

  
% Above PAL 18 18 

 

35 35 

 

0 0 

 

0 0 

 

0 6 

   
              Nelson River Camp-1 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL 1 1 

 

3 3 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 25 25 

 

75 75 

 

0 0 

 

0 0 

 

0 0 

   
              Nelson River Camp-2 # Samples 4 4 

 

4 4 

 

4 4 

 

4 4 

 

4 4 

  
# Above PAL 1 1 

 

3 3 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 25 25 

 

75 75 

 

0 0 

 

0 0 

 

0 0 

   
              Stephens Lake STL-1 # Samples 20 20 

 

20 20 

 

20 20 

 

20 20 

 

20 20 

  
# Above PAL 1 1 

 

0 0 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 5 5 

 

0 0 

 

0 0 

 

0 0 

 

0 0 

   
              Stephens Lake 

near Gillam 

GT-1 # Samples 13 13 

 

13 13 

 

13 13 

 

13 13 

 

13 13 

 
# Above PAL 0 0 

 

2 2 

 

0 0 

 

0 0 

 

0 0 

  
% Above PAL 0 0 

 

15 15 

 

0 0 

 

0 0 

 

0 0 

   
              Limestone 

Reservoir 

NR-4 # Samples 15 15 

 

15 15 

 

15 15 

 

15 15 

 

15 15 

 
# Above PAL 1 1 

 

4 4 

 

0 0 

 

0 0 

 

0 1 

  
% Above PAL 7 7 

 

27 27 

 

0 0 

 

0 0 

 

0 7 

   
              Long Spruce GS 

Reservoir 

NR-5 # Samples 11 11 

 

11 11 

 

11 11 

 

11 11 

 

11 11 

 
# Above PAL 1 1 

 

3 3 

 

0 0 

 

0 0 

 

0 2 

  
% Above PAL 9 9 

 

27 27 

 

0 0 

 

0 0 

 

0 18 

   
              Lower Nelson 

River 

NR-6 # Samples 12 12 

 

12 12 

 

12 12 

 

12 12 

 

12 12 

 
# Above PAL 1 1 

 

4 4 

 

0 0 

 

0 0 

 

0 2 

    % Above PAL 8 8   33 33   0 0   0 0   0 17 
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Table 2-8: Range of metals and major ions in surface waters in major regions of Canada, as reported in Canadian Council 

of Resource and Environment Ministers (1987). All units in mg/L 

Parameter  
Region of Canada 

Comments 
Pacific Western Central Atlantic 

Aluminum - - - - Range across Canada: <0.02–70 mg/L 

Barium <0.1 <0.0001–2.2 0.05–0.07 <0.02–1.0 - 

Beryllium - - - - Average Surface Waters: <0.001 mg/L 

Boron <0.01–2.00 0.01–0.059 <0.01–3.69 <0.01–2.30 Median MB concentration: 0.15 mg/L 

Cadmium <0.01 - <0.01 - - 

Calcium 1.19–62.3 <0.5–474 <0.002–349 0.4–260 
Typically <15 mg/L; waters close to carbonate rocks 

range from 30-100 mg/L 

Dissolved Chloride <0.1–27.0 0.1–473.0 <0.1–450.0 0.04–861.0 Typically <10 mg/L in humid regions 

Chromium - - 0.002–0.044 0.001–0.024 - 

Cobalt <0.001 <0.001–0.047 - <0.001 - 

Copper 0.001–0.080 0.007–0.071 0.001–0.068 0.002–0.070 Typically <0.020 mg/L in surface waters 

Fluoride <0.02–2.60 <0.02–0.74 0.0–2.0 <0.02–0.29 Typically <1 mg/L in surface waters. 

Iron <0.001–54.0 0.04–11.0 1 0.001–7.55 0.004–3.1 Typically <0.5 mg/L in aerated surface waters. 

Lead 0.001–0.004 0.001–0.077 2 0.001–0.046 0.001–0.041 - 

Magnesium 14.0–18.0 3 44–181 <0.05–1000 <0.05–954.0 - 

Manganese 0.01–1.70 0.01–4.8 1 0.001–0.26 0.002–0.737 

Typically <0.2 mg/L; may be >0.2 mg/L in deep 

stratified lakes and reservoirs under reducing conditions. 

Typically in suspended form. 

Mercury <0.00005 <0.00002–0.00024 0.000005–0.0001 - - 

Molybdenum - - - - Typically <1 mg/L in freshwater 

Nickel <0.001–0.003 0.001–0.280 0.001–0.025 0.001–0.003 - 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY 2-132 

Table 2-8: Range of metals and major ions in surface waters in major regions of Canada, as reported in Canadian Council 

of Resource and Environment Ministers (1987). All units in mg/L 

Parameter  
Region of Canada 

Comments 
Pacific Western Central Atlantic 

Potassium <0.1–9.3 3 0.03–33.0 3 <0.1–7 3 0.26–1.52 Typically <10 mg/L 

Selenium 0.0001–0.0002 - 0.0001–0.004 <0.0005–0.001 - 

Silver <0.005–0.010 <0.005–<0.01 - <0.005–<0.01 - 

Sodium - - - - Varies widely from <1 mg/L to 1,000,000 mg/L 

Sulphate <1.0–820.0 <1.0–3040.0 <1.0–77.3 <1.0–610.0 Typically varies from 10 to 80 mg/L 

Thallium 0.0052–0.1 4 - -  - 

Tin - - - - Typically range from 0.001–0.002 mg/L when detected 

Titanium - - - - Range of 0.002–0.107 mg/L across Canada and US 

Uranium 0.0001–0.0021 0.000097–0.00214 4 0.00028–0.00065 5 0.00025–0.00073 - 

Vanadium - <0.0005–0.11 - - Range from 0.0003–0.2 mg/L in fresh water 

Zinc 0.001–0.130 0.001–0.290 0.001–1.170 0.0001–0.190 - 

1. Extractable. 
2. Recoverable. 
3. Dissolved. 
4. Only three samples taken. 
5. Only Ontario data. 
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Table 2-9: Range of routine water quality variables in surface waters in major regions of Canada, as reported in 

Canadian Council of Resource and Environment Ministers (1987) 

Parameter1 Units 
Region 

Pacific Western Central Atlantic Comments 

Alkalinity (total) - as CaCO3 mg/L 0.5–162 1.0–750 <0.5–210.9 <0.5–440 Typically <500 

pH  - 4.1–10.2 2.8–9.6 2.8–9.2  

Hardness (as CaCO3) mg/L 12.6–236.0 - 2.1–280.2 3.0–28.2  

TKN mg/L 0.014–20.0 0.148–2.63 0.004–31.7 0.001–2.542  

Ammonia mg/L <0.001–0.49 0.014–2.00 0.008–0.587 0.002–0.104 Typically <0.1 mg/L N 

 mg N/L      

Nitrate/nitrite mg N/L <0.002–3.60 <0.001–190.0 <0.001–10.6 <0.001–18.571  

Dissolved Oxygen mg/L 0.1–16.2 <0.01–18.4 <0.01–17.55 2.2–16.8  

 % Saturation   3–140 1–124 Typically <10 mg/L 

TP mg/L 0.0013–1.76 0.003–3.0 <0.002–12.84 0.001–4.3  

TOC mg/L 0.01–0.26 <0.5–1610 0.4–27 0.01–183  

Colour TCU <5–40 5–240 5–200 65–130  

Specific Conductance µS/cm 4.8–84600 - 0.003–2000 0.008–31000  

TDS mg/L  4–65879   

Most lakes with open basins typically 

have TDS of approximately 100–

200 mg/L 

Filterable residues mg/L <2–990 0.002–5873 0.2–23536 1–3284  

1. TKN = total Kjeldahl nitrogen, TP = total phosphorus, TOC = total organic carbon, TDS = total dissolved solids 
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Table 2-10: Statistical summaries of total aluminum and iron measured in the open 

water season (May-October) from 1997–2006 in the Red and Assiniboine 

rivers. Data were provided by Manitoba Water Stewardship (MWS 2009) 

 Total Aluminum (mg/L)  Total Iron (mg/L) 

  

Red River 

at 

Floodway 

Red River 

at Selkirk 

Assiniboine 

River at 

Headingley 

 

Red River 

at 

Floodway 

Red 

River at 

Selkirk 

Assiniboine 

River at 

Headingley 

Mean 2.38 2.65 2.48  3.63 2.82 3.53 

Minimum 0.20 0.17 0.12  0.24 0.28 0.43 

Maximum 11.4 30 8.2  18.0 14.9 10.7 

n1 17 56 17  20 63 61 

SE2 0.68 0.62 0.55  0.94 0.36 0.26 

1. Number of samples. 
2. Standard error. 
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Table 2-11: Construction-related activities, potential effects to water quality, and proposed mitigation measures  

Action/Activity  First Order Effect/Pathway  Mitigation Measures  

Generating Station   

Placement of excavated materials in the 

future reservoir. 

Release of sediments when material is 

flooded during impoundment. 

Capping with erosion-resistant material where water velocity 

expected to be sufficient to suspend waste material in water 

column. 

Placement and removal of cofferdams  Introduction of fine suspended materials 

(river bottom sediments and cofferdam 

material) to surface water during 

construction and removal of dams. Inputs 

of substances during dewatering.  

Design of cofferdam cross sections and construction methods to 

minimize losses of fine material; riprap to reduce erosion from 

cofferdam surface; seepage and other water collected behind 

cofferdam after initial dewatering will be tested and treated, if 

required, prior to release to surface waters. See text and the 

Keeyask GS EnvPP for additional details. 

Diversion, impoundment and initial 

operation.  

Release of suspended sediments, including 

erosion of riverbanks and riverbeds.  

None. 

Runoff from the access roads, camp site, 

work areas and other cleared lands (e.g., 

borrow sites), including potential inputs 

via groundwater. 

Inputs of sediments and potentially other 

contaminants (e.g., metals, hydrocarbons) 

from runoff from parking lots, work areas, 

material stockpiles, and other sites.  

Drainage plans will be developed to manage drainage from areas 

such as material stockpiles. Drainage waters will be monitored to 

ensure adequate quality prior to entering natural waterways.  

Buffer zones adjacent to water courses. Various erosion and 

sediment control measures will be implemented as described in 

the Keeyask GS EnvPP and the Keeyask South Access Road 

EnvPP. 

Water treatment plant  Discharge of treatment plant backwash.  Water treatment plant backwash will be treated if required, such 

that total suspended solids (TSS) will be < 25 mg/L prior to 

discharge to the receiving environment. 

Release of treated sewage effluent  Inputs of BOD, pH, TSS/turbidity, 

nutrients, ammonia, metals, organic 

carbon, colour, (residual chlorines will not 

be discharged) to surface waters.  

Sewage from the construction camp will be treated in a 

wastewater treatment facility and tested as required prior to 

release to surface waters. Effluent will meet the requirements 

identified in the Manitoba Environment Act Licence (Licence No. 

2952).  
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Table 2-11: Construction-related activities, potential effects to water quality, and proposed mitigation measures  

Action/Activity  First Order Effect/Pathway  Mitigation Measures  

Release of wash water from aggregate 

washing and concrete processing to 

surface water environment.  

Waters may contain suspended sediments 

and affect parameters such as pH.  

Wash water and concrete batch plant effluent will be treated and 

will not be released until TSS is <25 mg/L. Concrete batch plant 

effluent will be treated if required to maintain pH within PAL 

guidelines.  

Blasting. Release of particulates (i.e., TSS) and 

ammonia/nitrate to surface waters.  

It is anticipated that blasting will be conducted in-the-dry and 

activities will adhere to guidelines developed by Fisheries and 

Oceans Canada. ANFOs will not be used in areas that will come 

into contact with surface waters. 

Placement of excavated rock materials on 

cofferdams, main dam, and other 

structures.  

Acid leachate generation from rock 

surfaces exposed to air potentially 

introducing metals and lowering pH in the 

aquatic environment.  

Addressed through testing of materials and application of 

mitigation if required. 

Construction of powerhouse, dykes, main 

dam and other structures.  

Release of substances associated with 

construction (e.g., sediments) to surface 

waters.  

Construction carried out in-the-dry (e.g., behind cofferdams or 

on land) minimizing potential for inputs to surface waters. 

Surfaces protected from erosion (e.g., rockfill) where required.  

Placement of concrete in surface waters.  Contact of surface water with newly 

formed concrete structures can affect pH.  

Concrete will not be poured in-the-wet.  

Accidental spills and releases of hazardous 

substances.  

Direct or indirect introduction of 

contaminants to surface waters.  

Transportation, storage, and handling of dangerous goods by 

established policies and regulations. Spill response programs and 

equipment will be in place. See Keeyask GS EnvPP for additional 

information. 

South Access Road   

Clearing of Right-of-Way  Inputs of sediments due to increased 

erosion as a result of the removal of the 

protective layer of vegetation.  

Minimize clearing, hand clearing in sensitive areas, grubbing only 

where required (e.g., road embankment and ditch).  Use of 

standard sediment and erosion control measures (see Keeyask 

South Access Road EnvPP for additional details). 
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Table 2-11: Construction-related activities, potential effects to water quality, and proposed mitigation measures  

Action/Activity  First Order Effect/Pathway  Mitigation Measures  

Construction of road Release of sediments from road, ditches 

and slopes of borrow areas.  

Appropriately sloped banks; implementation of various erosion 

and sediment control measures (e.g., use of straw bales and silt 

fences, promotion of revegetation, buffer zones adjacent to 

water courses).  

Installation of stream crossings  Release of sediments due to in-stream 

excavation, inputs from materials used for 

fill, and erosion from adjacent streambed 

and banks.  

Crossings constructed during winter if possible when flow 

minimal, isolation of work areas, use of clean fill for crossings, 

riprap on stream banks and beds adjacent to culvert, culverts 

sized and positioned appropriately to pass flow.  
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Table 2-12. Effects of the Keeyask Generating Station on water quality: construction period. Effects that begin during 

construction and continue to operation are addressed under operation 

Linkage/Pathway Mitigation/Enhancement Effect 

Keeyask Area/Stephens Lake Area 

Increases in concentrations of total 

suspended solids (TSS), nutrients, metals, 

bacteria and levels of pH and decreases in 

dissolved oxygen (DO) could arise due to: 

 Discharge of sewage effluent, 

wastewaters from processing of 

aggregate materials and concrete, 

dewatering of cofferdams, etc.; 

 Diversion and impoundment during 

river management resulting in 

water level/flow changes and 

changes in the ice regime and 

shoreline erosion; 

 Runoff from the camp site, work 

areas, reservoir clearing area and 

other cleared lands, including 

potential inputs via groundwater; 

 Construction of instream 

structures, including placement and 

removal of cofferdams, excavated 

materials disposal etc.; 

 Leachate from waste rock 

stockpiles and structures containing 

rock exposed to surface 

waters/drainage;  

 Blasting; and 

 Accidental spills/releases. 

 

Mitigation includes: 

Sewage effluent will be treated to meet will meet or exceed the 

specifications identified in Manitoba Environment Act Licence 

(Licence No. 2952); 

Wash water from the concrete aggregate and batch plant will be 

treated through a two-cell settling pond and effluent will not be 

released until TSS concentrations are < 25 mg/L. Effluent will 

also be treated for pH prior to release if required. 

Excavated materials disposed of in the reservoir will be covered 

with appropriate materials to prevent introduction of solids 

(TSS); 

Effects related to site drainage and runoff on surface water quality 

will be minimized through implementation of sediment and 

erosion control measures; 

Water that is trapped behind cofferdams will be treated to reduce 

TSS concentrations (i.e., through settling) to <25 mg/L if 

required prior to release to surface waters. It is anticipated that 

all blasting activities will occur in-the-dry and in accordance 

with DFO Blasting Guidelines. ANFOs will not be used in areas 

that will come into contact with surface waters. Rock that could 

potentially be used to construct the Project was tested for the 

potential to generate acid leachate. Additional testing of 

materials will be conducted during construction as required. 

Best Management Practices to prevent the introduction of 

hazardous substances to the aquatic environment. 

Sediment management measures for instream construction as 

outlined in the Sediment Management Plan and the EnvPP. 

 

TSS 

Effects on TSS during construction 

will be largely related to water 

diversion and impoundment and 

cofferdam/groin placement and 

removal. Effects are expected to 

range from small to moderate in the 

fully mixed Nelson River. TSS 

concentrations may be higher in the 

immediate vicinity of sediment 

inputs. 

 

Nutrients, DO, and pH 

Effects on nutrients, DO, and pH 

would be primarily related to the 

effects of river diversion and 

impoundment (i.e., flooding) which 

are discussed under the effects 

assessment for the Project 

Operation period. Effects related to 

other pathways are expected to be 

negligible to small due to mitigation 

measures. 

 

Metals and Hydrocarbons 

Effects are expected to be negligible 

due to mitigation measures. 
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Table 2-12. Effects of the Keeyask Generating Station on water quality: construction period. Effects that begin during 

construction and continue to operation are addressed under operation 

Linkage/Pathway Mitigation/Enhancement Effect 

Downstream Area 

Effects of Project construction on water 

quality downstream of Stephens Lake 

are related to effects on water quality 

upstream of the Kettle GS. 

 

See mitigation identified above (i.e., measures to minimize TSS). TSS 

Small increases in TSS are expected 

in the Lower Nelson River 

downstream of Stephens Lake 

during certain construction periods.   

South Access Road 

Construction of the south access road (i.e., 

installation of three culverts and clearing the 

RoW) may introduce sediments to the 

natural watercourses through erosion and/or 

resuspension of sediments. 

 

Mitigation would include procedures described in the “Manitoba 

Stream Crossing Guidelines for the Protection of Fish and Fish 

Habitat” and the Keeyask South Access Road EnvPP. 

 

 

None 
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Table 2-13: Dissolved oxygen concentrations at the upstream end of the model area (“upstream”) and near the 

generating station ("reservoir”).  Information regarding the DO model and results is presented in the Physical 

Environment Supporting Volume, Section 9 

Scenario 

Description 

Modelling 

Period 
Description Year of Operation Location 

Dissolved oxygen (mg/L) 

Surface Mid-depth Bottom 

Base Loaded Mode 

– Typical Week 
Summer 

steady wind and typical weather, 

median flows, base loaded 
1 Upstream 8.56 8.53 8.52 

    Reservoir 8.66 8.62 8.60 

Base Loaded Mode 

– Critical Week 
Summer 

variable wind, more extreme weather, 

median flows, base loaded 
1 Upstream 8.49 8.52 8.48 

    Reservoir 8.14 8.13 8.11 

Peaking Mode – 

Critical Week 
Summer 

same as 8 but dynamic flows (peaking 

mode) 
1 Upstream 8.54 8.52 8.51 

    Reservoir 8.52 8.49 8.48 

Base Loaded Mode Winter median flows, base loaded scenario 1 1 Upstream 14.59 14.59 14.59 

    Reservoir 14.36 14.36 14.35 

Peaking Mode Winter 
median flows, dynamic peaking mode 

flows 1 
1 Upstream 14.60 14.59 14.59 

    Reservoir 14.44 14.44 14.44 

Base Loaded Mode Summer 
variable wind, more extreme weather, 

median flows, base loaded 
5 Upstream 8.49 8.49 8.49 

     Reservoir 8.16 8.13 8.09 
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Table 2-14:  Areas of the Keeyask reservoir within defined ranges of dissolved oxygen: 

summer, Year 1 of operation. Areas were derived from dissolved oxygen 

(DO) model as described in the Physical Environment Supporting Volume, 

Section 9 

Category 

Base Loaded 

Mode – Typical 

Week 

Base Loaded 

Mode – Critical 

Week 

Peaking Mode – 

Critical Week 

Surface Layer 

Total Reservoir Area 93.2 93.2 93.2 

Total Reservoir Area Modelled 91.1 91.2 87.6 

Undefined Area 2.1 2.1 5.7 

Area with DO = 0–2 mg/L 0.0 0.0 0.0 

Area with DO = 2–4 mg/L 0.0 0.2 0.0 

Area with DO = 4–6.5 mg/L 0.0 17.5 2.1 

Area with DO >6.5 mg/L 91.1 73.5 85.5 

Total 93.2 93.2 93.2 

Mid-Depth Layer 

Total Reservoir Area 93.2 93.2 93.2 

Total Reservoir Area Modelled 91.1 91.2 87.6 

Undefined Area 2.1 2.1 5.7 

Area with DO = 0–2 mg/L 0.0 0.0 0.0 

Area with DO = 2–4 mg/L 0.0 1.1 0.2 

Area with DO = 4–6.5 mg/L 0.0 18.3 5.0 

Area with DO >6.5 mg/L 91.1 71.8 82.4 

Total 93.2 93.2 93.2 

Bottom Layer 

Total Reservoir Area 93.2 93.2 93.2 

Total Reservoir Area Modelled 91.1 91.2 87.6 

Undefined Area 2.1 2.1 5.7 

Area with DO = 0–2 mg/L 0.0 0.3 1.3 

Area with DO = 2–4 mg/L 0.0 3.7 3.2 

Area with DO = 4–6.5 mg/L 0.0 16.8 9.4 

Area with DO >6.5 mg/L 91.1 70.4 73.7 

Total 93.2 93.2 93.2 
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Table 2-15: Areas of the Keeyask reservoir within defined ranges of dissolved oxygen: 

winter, Year 1 of operation. Areas were derived from dissolved oxygen 

(DO) model as described in the Physical Environment Supporting Volume, 

Section 9 

Category Base Loaded Mode Peaking Mode 

Surface Layer 

Total Reservoir Area 93.2 93.2 

Total Reservoir Area Modelled 81.4 74.7 

Undefined Area 11.8 18.5 

Area with DO = 0–2 mg/L 1.5 2.1 

Area with DO = 2–3 mg/L 0.6 0.6 

Area with DO = 3–4 mg/L 0.7 0.9 

Area with DO = 4–5.5 mg/L 1.6 0.9 

Area with DO = 5.5–8 mg/L 3.0 2.5 

Area with DO = 8–9.5 mg/L 1.7 1.9 

Area with DO >9.5 mg/L 72.4 65.8 

Total 93.2 93.2 

Mid-Depth Layer 

Total Reservoir Area 93.2 93.2 

Total Reservoir Area Modelled 81.4 74.7 

Undefined Area 11.9 18.6 

Area with DO = 0–2 mg/L 2.6 2.8 

Area with DO = 2–3 mg/L 1.3 0.8 

Area with DO = 3–4 mg/L 0.9 1.7 

Area with DO = 4–5.5 mg/L 1.5 1.6 

Area with DO = 5.5–8 mg/L 3.2 2.3 

Area with DO = 8–9.5 mg/L 1.7 2.4 

Area with DO >9.5 mg/L 70.1 63.1 

Total 93.2 93.2 

Bottom Layer 

Total Reservoir Area 93.2 93.2 

Total Reservoir Area Modelled 81.3 74.6 

Undefined Area 11.9 18.7 

Area with DO = 0–2 mg/L 5.1 5.7 

Area with DO = 2–3 mg/L 1.0 1.2 
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Table 2-15: Areas of the Keeyask reservoir within defined ranges of dissolved oxygen: 

winter, Year 1 of operation. Areas were derived from dissolved oxygen 

(DO) model as described in the Physical Environment Supporting Volume, 

Section 9 

Category Base Loaded Mode Peaking Mode 

Area with DO = 3–4 mg/L 1.1 1.0 

Area with DO = 4–5.5 mg/L 1.6 1.1 

Area with DO = 5.5–8 mg/L 2.2 2.6 

Area with DO = 8–9.5 mg/L 1.2 1.3 

Area with DO >9.5 mg/L 69.0 61.6 

Total 93.2 93.2 
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Table 2-16: Areas of the Keeyask reservoir within defined ranges of dissolved oxygen: 

summer, Year 5 of operation and Year 1 for comparison (Base Loaded 

Mode – Critical Week). Areas were derived from dissolved oxygen (DO) 

model as described in the Physical Environment Supporting Volume, 

Section 9 

Category Year 1 Year 5 

Surface Layer 

Total Reservoir Area 93.2 95.0 

Total Reservoir Area Modelled 91.2 94.9 

Undefined Area 2.1 0.1 

Area with DO = 0–2 mg/L 0.0 0.0 

Area with DO = 2–4 mg/L 0.2 0.0 

Area with DO = 4–6.5 mg/L 17.5 16.8 

Area with DO >6.5 mg/L 73.5 78.1 

Total 93.2 95.0 

Mid-Depth Layer 

Total Reservoir Area 93.2 95.0 

Total Reservoir Area Modelled 91.2 94.9 

Undefined Area 2.1 0.1 

Area with DO = 0–2 mg/L 0.0 0.0 

Area with DO = 2–4 mg/L 1.1 1.4 

Area with DO = 4–6.5 mg/L 18.3 17.2 

Area with DO >6.5 mg/L 71.8 76.3 

Total 93.2 95.0 

Bottom Layer 

Total Reservoir Area 93.2 95.0 

Total Reservoir Area Modelled 91.2 94.9 

Undefined Area 2.1 0.1 

Area with DO = 0–2 mg/L 0.3 1.2 

Area with DO = 2–4 mg/L 3.7 4.1 

Area with DO = 4–6.5 mg/L 16.8 15.2 

Area with DO >6.5 mg/L 70.4 74.3 

Total 93.2 95.0 
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Table 2-17: Dose response database of early life stages of salmonids exposed to acute and chronic concentrations of 

suspended solids (from Newcombe and Jensen 1996) 

Species Life stage 

Exposure 

concentration 

Exposure 

Duration Fish response Reference 

(mg/L) (h) 

Trout eggs 117 960 egg mortality; deterioration of 

spawning gravel beds 

Cederholm et al. (1981) 

Trout (rainbow) egg 20.8 1,152 Mortality rate 72% Slaney et al. (1977a) 

Trout (rainbow) egg 6.6 1,152 Mortality 40% Slaney et al. (1977b) 

Trout (rainbow) egg 37 1,488 hatching success 42% (controls 63%) Slaney et al. (1977b) 

Trout (rainbow) egg 46.6 1,152 100% mortality Slaney et al. (1977b) 

Trout (rainbow) egg 57 1,488 Mortality of eggs 47% (controls 32%) Slaney et al. (1977b) 

Trout (rainbow) egg 120 384 Mortality ~ 60-70% (controls 38.6%) Erman and Lignon (1988) 

Trout (rainbow) egg 101 1,440 98% mortality (controls 14.6%) Turnpenny and Williams (1980) 

Trout (rainbow) eyed egg 1,750 144 increased mortality rate (control 6%) Campbell (1954) 

Grayling (Arctic) sac fry 25 24 Mortality rate of 5.7% LaPerriere (pers. comm.) 

Grayling (Arctic) sac fry 22.5 48 Mortality rate of 14.0% LaPerriere (pers. comm.) 

Grayling (Arctic) sac fry 65 24 Mortality rate of 15.0% LaPerriere (pers. comm.) 

Grayling (Arctic) sac fry 21.7 72 Mortality rate of 14.7% LaPerriere (pers. comm.) 

Grayling (Arctic) sac fry 20 96 Mortality rate of 13.4% LaPerriere (pers. comm.) 

Grayling (Arctic) sac fry 142.5 48 Mortality rate of 26% LaPerriere (pers. comm.) 
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Table 2-17: Dose response database of early life stages of salmonids exposed to acute and chronic concentrations of 

suspended solids (from Newcombe and Jensen 1996) 

Species Life stage 

Exposure 

concentration 

Exposure 

Duration Fish response Reference 

(mg/L) (h) 

Grayling (Arctic) sac fry 185 72 Mortality rate of 41.3% LaPerriere (pers. comm.) 

Grayling (Arctic) sac fry 230 96 Mortality rate of 47% LaPerriere (pers. comm.) 

Salmon eggs 117 960 egg mortality; deterioration of 

spawning gravel beds 

Cederholm et al. (1981) 

Salmon (Coho) egg 157 1,728 100% mortality (controls 16.2%) Shaw and Maga (1943) 

Salmon (chum) egg 97 2,808 77% mortality rate (controls 6%) Lagner (1980) 

Trout (steelhead) egg 37 1,488 42% hatching success (controls 63%) Slaney et al. (1977b) 
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Table 2-18: Summary of model predictions for total phosphorus (TP) related to organic total suspended solids (TSS) and 

decomposition of flooded organic materials  

Peat 

Zone 

TP (mg/L) 

Increase from 

Organic TSS 

Pathway1 

Increase from 

Flooding/Decomposition 

Pathway 1 

Combined 

Increase in TP 

Background 

TP 

Background 

with Increased 

TP 

% Increase 

Above 

Background 

1 0.0005 0.0009 0.0014 0.039 0.040 3.5 

2 0.0009 0.0010 0.0019 0.039 0.041 4.9 

3 0.0005 0.0005 0.0009 0.039 0.040 2.4 

4 2 Not Modelled 0.041 0.0409 0.039 0.080 104.8 

5 0.0009 0.016 0.0170 0.039 0.056 43.5 

7 0.0046 0.014 0.0190 0.039 0.058 48.7 

8 0.0096 0.021 0.0302 0.039 0.069 77.4 

9 0.0036 0.019 0.0224 0.039 0.061 57.4 

10 0.0018 0.015 0.0172 0.039 0.056 44.1 

11 0.0068 0.017 0.0234 0.039 0.062 59.9 

12 0.0041 0.014 0.0185 0.039 0.058 47.5 

13 0.0014 0.016 0.0169 0.039 0.056 43.3 

1. Mid-range of estimates presented in Appendix 2F. 
2. Totals reflect the effects of the flooding pathway only. Effects to organic TSS were not modelled for this peat transport zone. 
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Table 2-19: Summary of model predictions for total nitrogen (TN) related to organic total suspended solids (TSS) and 

decomposition of flooded organic materials  

Peat 

Zone 

TN (mg/L) 

Increase from 

Organic TSS 

Pathway 

Increase From 

Flooding/Decomposition 

Pathway 1 

Combined 

Increase in 

TN 

Background 

TN 

Background with 

Increased TN 

% Increase 

Above 

Background 

1 0.013 0.02 0.03 0.5 0.53 7 

2 0.027 0.02 0.05 0.5 0.55 10 

3 0.013 0.01 0.02 0.5 0.52 5 

4 2 Not Modelled 0.9 0.92 2 0.5 1.42 2 184 2 

5 0.027 0.4 0.39 0.5 0.89 78 

7 0.134 0.3 0.46 0.5 0.96 92 

8 0.282 0.5 0.75 0.5 1.25 149 

9 0.107 0.4 0.53 0.5 1.03 106 

10 0.054 0.3 0.40 0.5 0.90 80 

11 0.201 0.4 0.57 0.5 1.07 115 

12 0.121 0.3 0.45 0.5 0.95 89 

13 0.040 0.3 0.39 0.5 0.89 78 

1. Mid-range of estimates presented in Appendix 2F. 
2. Totals reflect the effects of the flooding pathway only. Effects to organic TSS were not modelled for this peat transport zone. 
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Table 2-20: Summary of estimated changes in concentrations of metals associated with organic total suspended solids (TSS) and flooding and comparison to Manitoba Water Quality Standards, Objectives and 

Guidelines (MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) guidelines for the protection of aquatic life (PAL) and drinking water (DW). Values represent the estimated 

concentrations under mean and maximum (Max) background (BG) concentrations of metals measured in the Nelson River near Gull Lake in the open water seasons of 2001–2004. Values in red 

indicate measurements that exceeded the associated guidelines indicated in red  

Peat Transport Zone 

 
Estimated metal concentrations (mg/L) 

 
Aluminum Antimony Arsenic Barium Cadmium Chromium Copper Iron Lead 

 
Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG 

Background Concentration 1.50 2.53 <0.001 <0.001 0.0013 0.0025 0.0389 0.0456 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

1 
 

1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0390 0.0457 0.000021 0.000091 <0.002 0.003 0.0030 0.0070 1.13 1.67 0.0007 0.0014 

2 
 

1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0391 0.0458 0.000021 0.000091 <0.002 0.003 0.0030 0.0070 1.13 1.67 0.0007 0.0014 

3 
 

1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0390 0.0457 0.000021 0.000091 <0.002 0.003 0.0030 0.0070 1.12 1.66 0.0007 0.0014 

4 
 

1.77 2.80 <0.001 <0.001 0.0015 0.0027 0.0433 0.0500 0.000050 0.000120 <0.002 0.003 0.0035 0.0075 1.31 1.85 0.0010 0.0017 

5 
 

1.61 2.64 <0.001 <0.001 0.0014 0.0026 0.0407 0.0474 0.000032 0.000102 <0.002 0.003 0.0032 0.0072 1.20 1.74 0.0008 0.0015 

7 
 

1.62 2.65 <0.001 <0.001 0.0014 0.0026 0.0409 0.0476 0.000034 0.000104 <0.002 0.003 0.0032 0.0072 1.21 1.75 0.0008 0.0015 

8 
 

1.70 2.73 <0.001 <0.001 0.0014 0.0026 0.0421 0.0488 0.000042 0.000112 <0.002 0.003 0.0034 0.0074 1.26 1.80 0.0009 0.0016 

9 
 

1.65 2.68 <0.001 <0.001 0.0014 0.0026 0.0413 0.0480 0.000036 0.000106 <0.002 0.003 0.0033 0.0073 1.22 1.76 0.0009 0.0016 

10 
 

1.61 2.64 <0.001 <0.001 0.0014 0.0026 0.0407 0.0474 0.000032 0.000102 <0.002 0.003 0.0032 0.0072 1.20 1.74 0.0008 0.0015 

11 
 

1.65 2.68 <0.001 <0.001 0.0014 0.0026 0.0414 0.0481 0.000037 0.000107 <0.002 0.003 0.0033 0.0073 1.23 1.77 0.0009 0.0016 

12 
 

1.62 2.65 <0.001 <0.001 0.0014 0.0026 0.0409 0.0476 0.000033 0.000103 <0.002 0.003 0.0032 0.0072 1.21 1.75 0.0008 0.0015 

13 
 

1.61 2.64 <0.001 <0.001 0.0014 0.0026 0.0407 0.0474 0.000032 0.000102 <0.002 0.003 0.0032 0.0072 1.20 1.74 0.0008 0.0015 

MWQSOG PAL 0.100 - - - - - - 0.300 - 

 
PAL - 4-day - - 0.150 - 0.0027 0.0031 0.094 0.110 0.010 0.012 - 0.004 0.005 

 
PAL - 1-hour - - 0.340 - 0.0051 0.0063 1.964 2.291 0.015 0.018 - 0.093 0.119 

CCME PAL  
 

0.100 - 0.005 - 0.000037 0.000043 0.0089 0.0026 0.003 0.300 0.0037 0.0046 

MWQSOGs and CCME DW MAC - 0.006 0.010 1.000 0.005 0.050 - - 0.010 

  AO - - - - - - 1.000 0.300 - 
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Table 2-20: Summary of estimated changes in concentrations of metals associated with organic total suspended solids (TSS) and flooding and comparison to Manitoba Water Quality Standards, Objectives and 

Guidelines (MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) guidelines for the protection of aquatic life (PAL) and drinking water (DW). Values represent the estimated 

concentrations under mean and maximum (Max) background (BG) concentrations of metals measured in the Nelson River near Gull Lake in the open water seasons of 2001–2004. Values in red 

indicate measurements that exceeded the associated guidelines indicated in red  

Peat Transport 
Zone 

 
Estimated metal concentrations (mg/L) 

 
Manganese Mercury 1 Mercury 2 Molybdenum Nickel Selenium Silver Sodium Uranium Zinc 

 
Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG 

Background Concentration 0.0231 0.0314 0.00000088 0.00000050 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

1 
 

0.0234 0.0317 0.0000014 0.0000010 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

2 
 

0.0236 0.0319 0.0000015 0.0000011 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

3 
 

0.0233 0.0316 0.0000013 0.0000009 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

4 
 

0.0333 0.0416 0.0000113 0.0000109 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.48 18.15 0.0014 0.0016 <0.02 0.07 

5 
 

0.0273 0.0356 0.0000059 0.0000055 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0009 0.0011 <0.02 0.07 

7 
 

0.0278 0.0361 0.0000128 0.0000124 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0009 0.0011 <0.02 0.07 

8 
 

0.0305 0.0388 0.0000159 0.0000155 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.46 18.13 0.0011 0.0013 <0.02 0.07 

9 
 

0.0286 0.0369 0.0000119 0.0000115 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.46 18.13 0.0010 0.0012 <0.02 0.07 

10 
 

0.0274 0.0357 0.0000077 0.0000073 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0009 0.0011 <0.02 0.07 

11 
 

0.0289 0.0372 0.0000130 0.0000126 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.46 18.13 0.0010 0.0012 <0.02 0.07 

12 
 

0.0277 0.0360 0.0000069 0.0000065 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0009 0.0011 <0.02 0.07 

13 
 

0.0273 0.0356 0.0000060 0.0000057 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0009 0.0011 <0.02 0.07 

MWQSOG PAL 
 

- 
0.000026 (inorganic); 

0.000004 (methylmercury) 
0.073 - 0.001 0.0001 - 0.015 2 - 

 
PAL - 4-day - - - 0.057 0.067 - - - - 0.13 0.15 

 
PAL - 1-hour - - - 0.512 0.601 - - - - 0.13 0.15 

CCME PAL 
 

- 
0.000026 (inorganic); 

0.000004 (methylmercury) 
0.073 0.104 0.119 0.001 0.0001 - 0.015 2 0.03 

MWQSOGs/CCME 
DW 

MAC - 0.001 - - 0.010 - - 0.020 - 

 
AO 0.050 - - - - - 200 - 5 

MAC = maximum acceptable concentration; and AO = aesthetic objective.  
1. Mean value presented in Kirk and St. Louis (2009) for the Limestone GS. 
2. Mean value for samples collected from the Aquatic Environment Study Area in fall 2011. 
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Table 2-21: Summary of estimated changes in concentrations of metals for which there are no Manitoba water quality guidelines, associated with organic total suspended solids and flooding. Values represent 

the estimated concentrations under mean and maximum (Max) background (BG) concentrations of metals measured in the Nelson River near Gull Lake in the open water seasons of 2001–2004 

Peat 

Transport 

Zone 

Concentration (mg/L) 

Beryllium  Bismuth  Calcium  Cobalt  Magnesium  Potassium  Strontium  Tin  Vanadium 

Mean BG Max BG  Mean BG Max BG  Mean BG Max BG  Mean BG Max BG  Mean BG Max BG  Mean BG Max BG  Mean BG Max BG  Mean BG Max BG  Mean BG Max BG 

Background 

Concentration 
<0.001 <0.001  <0.0001 0.0001  27.4 32.4  0.0006 0.0013  10.28 12.57  2.7 3.1  0.0924 0.1120  0.0008 0.0045  0.003 0.004 

1 <0.001 <0.001  <0.0001 0.0001  27.4 32.4  0.0006 0.0013  10.29 12.58  2.7 3.1  0.0925 0.1121  0.0008 0.0045  0.003 0.004 

2 <0.001 <0.001  <0.0001 0.0001  27.5 32.5  0.0006 0.0013  10.29 12.58  2.7 3.1  0.0925 0.1121  0.0008 0.0045  0.003 0.004 

3 <0.001 <0.001  <0.0001 0.0001  27.4 32.4  0.0006 0.0013  10.28 12.57  2.7 3.1  0.0925 0.1121  0.0008 0.0045  0.003 0.004 

4 <0.001 <0.001  <0.0001 0.0002  28.5 33.5  0.0007 0.0014  10.44 12.73  2.8 3.2  0.0954 0.1150  0.0008 0.0045  0.004 0.005 

5 <0.001 <0.001  <0.0001 0.0001  27.9 32.9  0.0007 0.0014  10.35 12.64  2.8 3.2  0.0937 0.1133  0.0008 0.0045  0.003 0.004 

7 <0.001 <0.001  <0.0001 0.0001  27.9 32.9  0.0007 0.0014  10.35 12.64  2.8 3.2  0.0938 0.1134  0.0008 0.0045  0.003 0.004 

8 <0.001 <0.001  <0.0001 0.0002  28.2 33.2  0.0007 0.0014  10.40 12.69  2.8 3.2  0.0946 0.1142  0.0008 0.0045  0.003 0.004 

9 <0.001 <0.001  <0.0001 0.0002  28.0 33.0  0.0007 0.0014  10.37 12.66  2.8 3.2  0.0941 0.1137  0.0008 0.0045  0.003 0.004 

10 <0.001 <0.001  <0.0001 0.0001  27.9 32.9  0.0007 0.0014  10.35 12.64  2.8 3.2  0.0937 0.1133  0.0008 0.0045  0.003 0.004 

11 <0.001 <0.001  <0.0001 0.0002  28.0 33.0  0.0007 0.0014  10.37 12.66  2.8 3.2  0.0941 0.1137  0.0008 0.0045  0.003 0.004 

12 <0.001 <0.001  <0.0001 0.0001  27.9 32.9  0.0007 0.0014  10.35 12.64  2.8 3.2  0.0938 0.1134  0.0008 0.0045  0.003 0.004 

13 <0.001 <0.001  <0.0001 0.0001  27.9 32.9  0.0007 0.0014  10.35 12.64  2.8 3.2  0.0937 0.1133  0.0008 0.0045  0.003 0.004 
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Table 2-22: Residual effects on water quality: construction period. Effects that begin during construction and continue to operation are addressed under operation  

Environmental Effect Mitigation/Enhancement Residual Effect 

Keeyask Area/Stephens Lake Area 

Increases in concentrations of total suspended solids (TSS), nutrients, metals, bacteria and levels of pH and decreases in 

dissolved oxygen (DO) could arise due to a variety of construction activities, including discharge of effluents, diversion 

and impoundment, clearing, instream construction, blasting, and/or due to accidental spills/releases. 

 

A number of mitigation measures will be implemented to 

minimize effects of construction activities on water quality (see 

Table 2-12 for details). 

 

 

Small to moderate in magnitude, small to 

large in spatial extent, and short-term.  

 

Downstream Area 

Effects of Project construction on water quality downstream of Stephens Lake are related to effects on water quality 

upstream of the Kettle GS. 

 

 

A number of mitigation measures will be implemented to 

minimize effects of construction activities on water quality (see 

Table 2-12 for details). 

 

 

Small in magnitude, small to large in 

spatial extent, and short-term. 

 

South Access Road 

Construction of the south access road (i.e., installation of three culverts and clearing the Right of Way) may introduce 

sediments to the natural watercourses through erosion and/or resuspension of sediments. 

 

 

Mitigation would include procedures described in the “Manitoba 

Stream Crossing Guidelines for the Protection of Fish and Fish 

Habitat” And the Keeyask South Access Road EnvPP. 

 

 

None 
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 Table 2-23: Residual effects on water quality for the protection of aquatic life: operation period  

Environmental Effect Mitigation/Enhancement Residual Effect 

Split Lake Area 

No effect 

 

Project design to avoid water level effects to Split Lake. 

 

None 

Keeyask Area 

Water quality could be affected by: inputs of organic and inorganic materials through flooding and mineral shoreline 

erosion and peatland disintegration; changes in water residence times, depths, and velocities (conversion of river to 

reservoir); and alteration to the ice regime.  

Mainstem Area: 

Effects of flooding and mineral shoreline erosion on water quality are generally not expected to be detectable. The 

possible exception is mercury which may measurably increase. Due to the extremely low background concentrations 

and analytical detection limits, increases in total mercury may be detectable along the main flow of the reservoir. 

However, it is not expected that mercury or methylmercury will exceed Manitoba Water Quality Standards, Objectives 

and Guidelines (MWQSOGs) or Canadian Council of Ministers of the Environment (CCME) Protection of Aquatic Life 

(PAL) guidelines along the mainstem of the reservoir. Over the long-term, impoundment is predicted to cause decreases 

in concentrations of total suspended solids (TSS) and associated parameters such as particulate nutrients, turbidity, and 

some metals, although decreases may not be measurable under some flow conditions. Reductions in TSS will lead to 

increased water clarity along the main flow of the reservoir. This effect would continue for the life-span of the Project. 

The magnitude of Project decreases in TSS in the mainstem area of the reservoir vary according to flow condition; the 

range of predicted decreases exceeds the MWQSOG of a change of less than 5 mg/L from background but is within 

CCME PAL guidelines (which refer only to increases above background). 

Flooded Bays/Nearshore Environment: 

Water quality is expected to be measurably altered in off-current areas, notably over flooded terrestrial habitat. 

Concentrations of nutrients (nitrogen and phosphorus), organic carbon, true colour, TSS, turbidity, conductivity and 

metals will increase and pH and dissolved oxygen (DO) will decrease. Effects are expected to decrease along a gradient 

from shore out into the reservoir due to increased water volumes/dilution and mixing, decreased water residence times, 

and due to transitions from organic to mineral substrates. Effects are expected to be greatest in Year 1 of operation, 

declining thereafter. 

These areas are expected to develop hypoxic or anoxic conditions in winter, with portions of the nearshore areas 

developing DO conditions below Manitoba water quality objectives and CCME guidelines for the protection of aquatic life 

(PAL). As the period of ice cover is expected to increase relative to existing conditions, the duration of low DO events 

over winter will increase. In the open water season, DO may periodically decrease below PAL water quality 

objectives/guidelines under low wind events, most notably in shallow, flooded areas. In addition, DO depletion may 

occur in the vicinity of peat islands but would be dependent upon the location and spatial extent of the islands in the 

reservoir.  

Concentrations of nitrogen and phosphorus are expected to increase notably in nearshore areas. TP is expected to 

exceed at least one of the CCME phosphorus management framework triggers (>50% increase from background). 

However, in general it is expected that concentrations would remain within the current trophic status category of 

“eutrophic” in most or all of the flooded backbay areas. 

TSS is expected to increase in nearshore areas and to exceed the long-term Manitoba PAL water quality objective and 

CCME PAL guideline in some areas during Year 1 of operation. Predicted increases in TSS are below acutely toxic 

 

Selection of 159 m reservoir elevation reduced proportion 

of newly flooded area in reservoir, thereby reducing areas 

with degraded water quality and reducing potential effect 

to water quality along the mainstem. 

 

Potential effects were further reduced by clearing of 

vegetation as described in the reservoir clearing plan 

developed by the KCN and Manitoba Hydro.  

 

 

DO: 

Effects in the majority of the reservoir will be negligible 

year-round. 

Effects in flooded, nearshore habitat will range from 

small to large, medium term, small to medium in 

spatial extent, and of high frequency in the ice-cover 

season. 

Effects in the open water season in flooded, nearshore 

habitat will be negligible to small in magnitude under 

typical climatic conditions. Moderate to large effects 

are expected under infrequent low wind events in the 

flooded nearshore areas; these effects would be of low 

frequency, of medium duration, and small in spatial 

extent.  

 

TSS/Turbidity/Water Clarity: 

Effects in the offshore, mainstem of the reservoir will 

be negligible to moderate, long-term, and of high 

frequency (continuous) in most areas under low and 

median flow conditions.  

Large, short-term, frequent effects will occur in the 

flooded nearshore areas. Long-term effects will be 

negligible to moderate in most areas and under low 

and median flow conditions and of high frequency. 

 

TP and TN: 

Effects will be negligible (mainstem of the reservoir) to 

large (flooded, nearshore habitat), medium term, of 

small to medium spatial extent, and of high frequency.  

pH, organic carbon, true colour, TDS, and 

Conductivity: 

Effects will be negligible (mainstem of the reservoir) to 

small (flooded, nearshore habitat), of medium 

duration, small to medium in spatial extent, and of 

high frequency. 
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 Table 2-23: Residual effects on water quality for the protection of aquatic life: operation period  

Environmental Effect Mitigation/Enhancement Residual Effect 

concentrations but may cause or contribute to sub-lethal stress in aquatic biota. The greatest effects would occur in the 

first year of operation when peatland disintegration will be highest and declining thereafter. 

In addition, the Project is expected to cause or contribute to exceedances of Manitoba and CCME PAL water quality 

guidelines for selenium and silver and increase the magnitude of exceedances of PAL guidelines for iron and aluminum 

in the flooded bays. The Project may also cause or contribute to exceedances of the CCME PAL guidelines for cadmium, 

copper, and zinc in flooded bays but is not expected to result in exceedances of MWQSOGs for PAL for these metals 

(which are higher than the CCME guidelines).  

Although it is predicted that pH will decrease in the nearshore areas, it is expected to remain within Manitoba and CCME 

PAL water quality guidelines. 

Water clarity will be reduced in nearshore areas due to increases in TSS, turbidity, dissolved organic carbon (DOC), and 

true colour due to peatland disintegration and flooding. These effects will decrease over time, being greatest in Year 1 

of operation. 

The largest effects to water quality are expected in nearshore areas and these effects are expected to be greatest in the 

initial years of operation. As labile carbon in flooded organic materials is decomposed and as peatland disintegration 

declines after Year 1, effects to water quality will also decline. Effects related to flooding will also decline as organic 

substrate is converted to primarily mineral substrate over time. In general, on the basis of information gathered from 

other reservoirs, including Stephens Lake, effects to water quality in nearshore areas are expected to persist for 

approximately 10–15 years although localized effects may persist for > 30 years.  

Metals: 

Effects will be negligible or small for most metals 

throughout the Study Area. 

Effects on iron and aluminum and potentially cadmium, 

copper, selenium, silver, mercury, methylmercury, and 

zinc, will be of moderate magnitude, small to medium 

in spatial extent (i.e., in flooded habitat), and of 

medium duration. 

Stephens Lake Area 

Water quality could be affected by a change in the quality of inflowing water from the Keeyask reservoir. It has been 

conservatively assumed that mercury and methylmercury concentrations may increase sufficiently to be detectable but 

both are expected to remain well below MWQSOGs and CCME PAL guidelines, and concentrations will decrease further 

in Stephens Lake.  TSS and associated parameters (turbidity and particulate nutrients and metals) will be lower at the 

outflow of the GS and will decrease further for approximately 10–12 km downstream of the GS.  At a distance of 

approximately 10–12 km downstream TSS is predicted to be similar to existing conditions and water quality will not be 

affected beyond this point. Effects are expected to be long-term (> 30 years). 

Nutrients and TSS may be increased in the immediate vicinity of the treated sewage effluent discharge during Project 

operation. TSS may also be increased by discharge of water treatment plant backwash. Effluent would comply with 

regulatory requirements and effects to water quality are not expected to extend beyond a site-specific spatial extent 

(i.e., small). No effects are expected at the Kettle GS or near the Town of Gillam drinking water intake. 

 

None 

 

TSS/Turbidity/Water Clarity: 

Effects will be small to moderate (depending on flow 

conditions), long-term, medium spatial extent, and of 

high frequency. 

 

TP and metals: 

Effects will be negligible to small, long-term, medium 

spatial extent, and frequent. 

Effects to TN, DO, pH, organic carbon, true colour, and 

conductivity/TDS will be negligible.  

Downstream Area 

No effect 

 

None 

 

None  

North and South Access Road streams 

Potential stream bank and streambed erosion and drainage from roadside ditches could increase suspended sediments 

near the crossings.   

 

Streambank and streambed erosion reduced through use 

of a clear span bridge on Looking Back Creek and 

appropriately sized and positioned culverts as per 

Manitoba Stream Crossing Guidelines. Sediment inputs 

from runoff reduced by erosion and sediment control 

measures. 

 

Negligible 
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Table 2-24: Mean and standard error (SE) of metals in triplicate samples of surficial sediments (µg/g dry weight, upper 5 cm) collected from selected lakes on the Nelson River system between Kelsey and 

Kettle generating stations in 2001 and 2002 and comparison to sediment quality guidelines. Means indicated in blue and red exceed Manitoba sediment quality guidelines (SQGs) and probable 

effect levels (PELs) for sediments, respectively (MWS 2011). Means indicated in blue and red italics exceed the Ontario lowest effect level (LEL) and the severe effect level (SEL) for sediments, 

respectively (Persaud et al. 1993) 

Sample Location Location ID Year   
Metals (μg/g d.w.) 

Aluminum Arsenic Barium Beryllium Bismuth Boron Cadmium Calcium Chromium Cobalt Copper Iron Lead Magnesium Manganese Mercury Molybdenum Nickel 

Analytical Detection Limit    3 0.03 0.04 0.06 0.02 0.6 0.02 7 0.1 0.01 0.2 6 0.05 2 0.03 0.02 0.02 0.2 

Split Lake SPL-7  2001 Mean  8,490 2.79 91.43 0.38 0.16 5.9 0.03 45,200 25.3 7.88 15.5 15,533 11.04 26,900 603 0.03 0.37 23.8 

   SE  316 0.14 6.87 0.02 0.01 0.2 0.01 1,353 0.8 0.20 0.4 433 2.44 1,137 63 0.00 0.08 0.4 

  2002 Mean  10,110 4.56 119.17 0.47 0.12 6.7 0.13 79,200 28.4 8.53 17.6 18,900 7.62 22,567 636 - 0.33 23.9 

   SE  1554 1.03 17.05 0.07 0.02 0.8 0.01 14,476 4.3 0.94 2.9 3,107 0.55 1,862 104 - 0.05 2.6 

Gull Lake GL-2 2001 Mean  4,340 1.08 30.20 0.16 0.06 <0.6 0.04 14,900 11.6 3.75 5.3 6,403 3.13 8,400 147 <0.02 0.11 9.5 

   SE  151 0.09 1.40 0.01 0.00 - 0.00 2,318 0.5 0.21 0.3 165 0.06 412 10 - 0.01 0.4 

  2002 Mean  5,077 4.46 57.07 0.19 0.04 5.1 0.07 72,300 19.8 4.97 19.5 14,567 5.08 18,833 373 - 1.12 17.9 

   SE  272 0.39 9.02 0.03 0.02 0.6 0.01 15,595 1.8 0.24 4.6 2,122 0.61 2,497 24.6 - 0.50 2.2 

Stephens Lake STL-1 2001 Mean  10,600 2.74 81.80 0.45 0.14 5.1 0.11 69,733 25.7 7.81 15.5 16,233 7.28 25,967 484 0.02 0.17 20.9 

   SE  351 0.10 2.65 0.01 0.00 0.3 0.00 713 0.9 0.17 0.3 713 0.09 784 46 0.00 0.01 0.8 

  2002 Mean  10,833 4.35 111.53 0.47 0.19 6.9 0.15 69,900 39.7 9.74 35.2 25,967 99.27 25,667 712 - 1.83 36.3 

      SE   1,185 0.09 13.78 0.07 0.08 0.5 0.03 10,134 0.7 0.72 3.4 296 75.97 437 53.5 - 0.42 0.3 

Manitoba Sediment Quality Guidelines                     

SQG      5.9     0.6  37.3  35.7  35   0.17   

PEL      17     3.5  90.0  197  91.3   0.486   

Ontario Sediment Quality Guidelines                     

LEL                20000   460   16 

SEL                    40000   1100   75 
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Table 2-24: Mean and standard error (SE) of metals in triplicate samples of surficial sediments (µg/g dry weight, upper 5 cm) collected from selected lakes on the Nelson River system between Kelsey and 

Kettle generating stations in 2001 and 2002 and comparison to sediment quality guidelines. Means indicated in blue and red exceed Manitoba sediment quality guidelines (SQGs) and probable 

effect levels (PELs) for sediments, respectively (MWS 2011). Means indicated in blue and red italics exceed the Ontario lowest effect level (LEL) and the severe effect level (SEL) for sediments, 

respectively (Persaud et al. 1993) 

Sample Location Location ID Year  
 Metals (μg/g d.w.) 

 Potassium Selenium Silver Sodium Strontium Thallium Tin Titanium Uranium Vanadium Zinc 

Analytical Detection Limit    7 0.1 1 2 0.02 0.2 4 0.03 0.006 0.06 2 

Split Lake SPL-7 2001 Mean  1717 0.2 <1 160 28.9 <0.2 <4 672 0.692 22.0 33 

   SE  78 0.0 - 4 0.8 - - 20 0.012 0.7 1 

  2002 Mean  2187 0.2 < 1 322 67.27 < 0.2 < 4 682 0.793 26.90 40 

   SE  454 0.1 - 68 16.24 - - 84 0.074 3.74 5 

Gull Lake GL-2 2001 Mean  728 <0.1 <1 67 11.8 <0.2 <4 399 0.413 11.0 17 

   SE  33 - - 3 0.9 - - 7 0.005 0.3 1 

  2002 Mean  892 0.1 < 1 178 48.60 < 0.2 < 4 478 0.602 17.17 19 

   SE  132 0.0 - 26 3.17 - - 37 0.072 0.12 3 

Stephens Lake STL-1 2001 Mean  1953 <0.1 <1 163 47.3 <0.2 <4 699 0.677 23.9 38 

   SE  63 - - 3 0.9 - - 27 0.006 0.7 1 

  2002 Mean  2440 0.1 < 1 230 54.33 0.1 < 4 744 0.836 28.37 49 

    SE  270 0.1 - 17 3.24 0.0 - 55 0.056 1.92 8 

Manitoba Sediment Quality Guidelines              

SQG               123 

PEL               315 

Ontario Sediment Quality Guidelines              

LEL                

SEL                

B.C. Ministry of Environment Sediment Quality Guidelines  2.0          
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Table 2-25: Concentrations of total mercury measured in moss/peat/litter in 

unflooded soil horizons from 13 sites along the Churchill River Diversion 

route (1981–1982; Bodaly et al. 1987) and mean concentrations of 

mercury in Keeyask peat and Gull Lake sediments 

Site/Area Year 

Total Mercury (ug/g d.w.) 

Unflooded 

Peat/moss/litter 

Flooded 

Moss/Peat/Litter 
Sediments 

Southern Indian Lake (Area 5) 1981 0.099 0.083 0.017 

 1982 0.115 0.158  

Southern Indian Lake (Area 4) 1981 0.109 0.067 0.009 

 1982 0.068 0.080  

Southern Indian Lake (Methyl Bay) 1982 0.104 0.117  

Southern Indian Lake (Sandhill Bay) 1981 0.110 0.088 0.014 

Southern Indian Lake (Wupaw Bay) 1981 0.114 - 0.053 

Southern Indian Lake (Area 6) 1981 0.083 - 0.045 

Issett Lake 1981 0.057 0.100 0.050 

Granville Lake 1981 0.119 - 0.024 

 1982 0.156 -  

West Mynarski Lake 1981 0.115 0.068 0.058 

 1982 0.207 -  

Central Mynarski Lake 1981 0.085 - 0.015 

East Mynarski Lake 1981 0.055 - 0.020 

 1982 0.062 -  

Notigi Lake (west basin) 1981 0.052 0.047 0.028 

 1982 0.069 -  

Notigi Lake (east basin) 1981 0.169 - 0.014 

Footprint Lake 1981 0.079 0.094 0.060 

Summary Statistics Mean 0.101 0.090 0.031 

 Median 0.102 0.086 0.024 

 Minimum 0.052 0.047 0.009 

 Maximum 0.207 0.158 0.060 

Keeyask1 2001 - - <0.02 

  2004 0.155 - - 

1. Mean for sediments is from Gull Lake and "unflooded peat/moss/litter" reflects surface peat measured in the Keeyask area. 
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Table 2-26: Residual effects on sediment quality: construction period. Effects that begin during construction and continue 

to operation are addressed under operation 

 

  

Environmental Effect Mitigation/Enhancement Residual Effect 

Generating Station Infrastructure 

Sediment quality could be affected by Project construction due to 

introduction of nutrients, metals, and other contaminants to surface 

waters. 

 

 

See measures to mitigate effects to 

water quality. 

 

 

Negligible due to 

implementation of 

mitigation measures. 

South Access Road  

Sediment quality could be affected by construction of the south access 

road due to introduction of nutrients, metals, and other contaminants to 

surface waters.  

 

See measures to mitigate effects to 

water quality. 

 

 

Negligible due to 

implementation of 

mitigation measures. 
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Table 2-27: Residual effects on sediment quality: Operation period 

Environmental Effect Mitigation/Enhancement Residual Effect 

Split Lake Area 

No effect 

 

Project design to avoid water level 

effects to Split Lake. 

 

None 

Keeyask Area 

Sediment quality is affected as currently terrestrial soils will be flooded 

and become aquatic sediments. Concentrations of total metals in 

surface peat are largely lower than the average concentrations 

measured in existing aquatic sediments as well as being below 

Manitoba (or other available) sediment quality guidelines [SQGs]). 

Therefore, flooding should not result in exceedances of SQGs. 

Mercury is notably higher in peat than current sediments and it is 

expected that post-flood more mercury will be converted to 

methylmercury. However, total mercury in peat is below Manitoba 

SQGs. 

The expected duration of effects are approximately 30 years – the 

approximate time estimated for conversion of most flooded organic 

substrate to mineral substrate through deposition of mineral material 

from the water column. Effects may persist for longer periods in 

localized nearshore areas where substrates remain primarily organic.  

 

 

 

None 

 

 

Negligible to small, 

long-term, small in 

geographic extent, 

frequent. 

Stephens Lake Area 

Sediment quality could be affected by a change in inflowing water from 

the reservoir. No substantive changes in long-term water quality 

conditions at the outflow are anticipated. Therefore, no effects to 

sediment quality in Stephens Lake are expected.  

 

None 

 

None 
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Table 2-27: Residual effects on sediment quality: Operation period 

Environmental Effect Mitigation/Enhancement Residual Effect 

Downstream Area 

No effects are expected. 

 

 

None 

 

None 

Access Road streams 

Sediment quality could be affected due to sediment inputs from 

roadside ditches as well as particulate matter from vehicles, etc.  

 

Erosion control measures to prevent 

sediment inputs. 

 

Negligible 
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Figure 2-1: Open water season mean (±standard error) total phosphorus (TP) concentrations measured at sites located 

on the mainstem of the lower Nelson River, off-system sites, large tributaries, small tributaries, Manitoba 

Water Stewardship (MWS) monitoring sites in the Burntwood River (BR) at Thompson, the Nelson River (NR) 

at Sipiwesk Lake, the Churchill River (CR) and at Granville Lake (GL), and the historical Environment Canada 

site on the Hayes River (HR) at God’s River. Means for MWS sites represent the period of 1997–2006 and the 

mean for the Hayes River represents the period of 1993–1995  
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Figure 2-2: Open water season mean (±standard error) total Kjeldahl nitrogen (TKN) measured at sites located on the 

mainstem of the lower Nelson River, off-system sites, large tributaries, small tributaries, and Manitoba Water 

Stewardship (MWS) monitoring sites in the Burntwood River (BR) at Thompson, the Nelson River (NR) at 

Sipiwesk Lake, the Churchill River (CR) and at Granville Lake (GL), and the historical Environment Canada site 

on the Hayes River (HR) at God’s River. Means for MWS sites represent the period of 1997–2006 and the 

mean for the Hayes River represents the period of 1993–1995 
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Figure 2-3: Open water season mean (±standard error) dissolved oxygen concentrations measured at sites located on the 

mainstem of the lower Nelson River, off-system sites, large tributaries, small tributaries, and Manitoba Water 

Stewardship (MWS) monitoring sites in the Burntwood River (BR) at Thompson, the Nelson River (NR) at 

Sipiwesk Lake, the Churchill River (CR) and at Granville Lake (GL). Means for MWS sites represent the period 

of 1997–2006 
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Figure 2-4: Open water season mean (±standard error) (A) laboratory pH and (B) in 

situ pH measured at sites located on the mainstem of the lower Nelson 

River, off-system sites, large tributaries, small tributaries, and Manitoba 

Water Stewardship (MWS) monitoring sites in the Burntwood River (BR) at 

Thompson, the Nelson River (NR) at Sipiwesk Lake, the Churchill River 

(CR) and at Granville Lake (GL), and the historical Environment Canada 

site on the Hayes River (HR) at God’s River. Means for MWS sites represent 

the period of 1997–2006 and the mean for the Hayes River represents the 

period of 1993–1995
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Figure 2-5: Open water season mean (±standard error) (A) laboratory and (B) in situ 

turbidity values measured at sites located on the mainstem of the lower 

Nelson River, off-system sites, large tributaries, small tributaries, and 

Manitoba Water Stewardship (MWS) monitoring sites in the Burntwood 

River (BR) at Thompson, the Nelson River (NR) at Sipiwesk Lake, the 

Churchill River (CR) and at Granville Lake (GL), and the historical 

Environment Canada site on the Hayes River (HR) at God’s River. Means 

for MWS sites represent the period of 1997–2006 and the mean for the 

Hayes River represents the period of 1993–1995 
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Figure 2-6: Open water season mean (±standard error) specific conductance values measured at sites located on the 

mainstem of the lower Nelson River, off-system sites, large tributaries, small tributaries (in situ), and 

Manitoba Water Stewardship (MWS) monitoring sites in the Burntwood River (BR) at Thompson, the Nelson 

River (NR) at Sipiwesk Lake, the Churchill River (CR) and at Granville Lake (GL), and the historical 

Environment Canada site on the Hayes River (HR) at God’s River (laboratory). Means for MWS sites represent 

the period of 1997–2006 and the mean for the Hayes River represents the period of 1993–1995 
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Figure 2-7: Open water season mean (±standard error) total suspended solids (TSS) concentrations measured at sites 

located on the mainstem of the lower Nelson River, off-system sites, large tributaries, small tributaries, and 

Manitoba Water Stewardship (MWS) monitoring sites in the Burntwood River (BR) at Thompson, the Nelson 

River (NR) at Sipiwesk Lake, the Churchill River (CR) and at Granville Lake (GL), and the historical 

Environment Canada site on the Hayes River (HR) at God’s River. Means for MWS sites represent the period of 

1997–2006 and the mean for the Hayes River represents the period of 1993–1995 
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Figure 2-8: Open water season mean (±standard error) (A) concentrations of total 

dissolved phosphorus and (B) percent total phosphorus (TP) in dissolved 

form measured at sites located on the mainstem of the lower Nelson River, 

off-system sites, large tributaries, small tributaries, and Manitoba Water 

Stewardship (MWS) monitoring sites in the Burntwood River (BR) at 

Thompson, the Nelson River (NR) at Sipiwesk Lake, the Churchill River 

(CR) and at Granville Lake (GL), and the historical Environment Canada 

site on the Hayes River (HR) at God’s River. Means for MWS sites represent 

the period of 1997–2006 and the mean for the Hayes River represents the 

period of 1993–1995  
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Figure 2-9: Open water season mean (±standard error) (A) total organic carbon (TOC) 

and (B) dissolved organic carbon (DOC) concentrations measured at sites 

located on the mainstem of the lower Nelson River, off-system sites, large 

tributaries, small tributaries, and Manitoba Water Stewardship (MWS) 

monitoring sites in the Burntwood River (BR) at Thompson, the Nelson 

River (NR) at Sipiwesk Lake, the Churchill River (CR) and at Granville Lake 

(GL), and the historical Environment Canada site on the Hayes River (HR) 

at God’s River. Means for MWS sites represent the period of 1997–2006 

and the mean for the Hayes River represents the period of 1993–1995  
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Figure 2-10: Open water season mean (±standard error) chlorophyll a concentrations measured at sites located on the 

mainstem of the lower Nelson River, off-system sites, large tributaries, small tributaries, and Manitoba Water 

Stewardship (MWS) monitoring sites in the Burntwood River (BR) at Thompson, the Nelson River (NR) at 

Sipiwesk Lake, the Churchill River (CR) and at Granville Lake (GL), and the historical Environment Canada site 

on the Hayes River (HR) at God’s River. Means for MWS sites represent the period of 1997–2006 and the 

mean for the Hayes River represents the period of 1993–1995. 
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Figure 2-11: Open water season mean (±standard error) concentrations of (A) magnesium, (B) potassium, (C) sodium, and (D) calcium measured at sites in the Aquatic Environment Study Area: 2001–2004  
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Figure 2-12: Total phosphorus (TP) concentrations measured at lakes and rivers in Manitoba. Black bars represent mean 

concentrations (1994–2001) measured at Manitoba Water Stewardship monitoring sites (North/South 

Consultants 2006). Red bars represent mean (2001–2004) concentrations measured at sites during the 

Keeyask environmental studies
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Figure 2-13: Total nitrogen (TN) concentrations measured at lakes and rivers in Manitoba. Black bars represent mean 

concentrations (1994–2001) measured at Manitoba Water Stewardship monitoring sites (North/South 

Consultants 2006). Red bars represent mean (2001–2004) concentrations measured at sites during the 

Keeyask environmental studies
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Figure 2-14: Concentrations of total dissolved solids (TDS) in selected Canadian Rivers. Data obtained from Environment 

Canada (2010) 
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Figure 2-15: British Columbia Water Quality Index (BC WQI) values for selected Manitoba Water Stewardship (MWS) 

water quality monitoring sites: 1991–1995. Data obtained from Manitoba Environment (1997)
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Figure 2-16: Linkages between direct and indirect project impacts and pathways of effects to water quality: Keeyask Generating Station operation period 
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Figure 2-17: Mean±standard error of aluminum measured in sediments and peat 

samples collected from the study area. There are no sediment quality 

guidelines for aluminum 
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Figure 2-18: Mean±standard error of arsenic measured in sediments and peat samples 

collected from the study area. Dashed lines indicate the Manitoba 

sediment quality guideline (lower) and the probable effect level (upper) 

for the protection of aquatic life. Samples indicated with a number were 

reported as less than the indicated number 
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Figure 2-19: Mean±standard error of cadmium measured in sediments and peat 

samples collected from the study area. Dashed lines indicate the Manitoba 

sediment quality guideline (lower) and the probable effect level (upper) 

for the protection of aquatic life 
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Figure 2-20: Mean±standard error of chromium measured in sediments and peat 

samples collected from the study area. Dashed lines indicate the Manitoba 

sediment quality guideline (lower) and the probable effect level (upper) 

for the protection of aquatic life 
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Figure 2-21: Mean±standard error of copper measured in sediments and peat samples 

collected from the study area. Dashed lines indicate the Manitoba 

sediment quality guideline (lower) and the probable effect level (upper) 

for the protection of aquatic life 
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Figure 2-22: Mean±standard error of iron measured in sediments and peat samples 

collected from the study area. Dashed lines indicate the Ontario lowest 

effect level (lower) and the severe effect level (upper) for the protection of 

aquatic life 
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Figure 2-23: Mean±standard error of lead measured in sediments and peat samples 

collected from the study area. Dashed lines indicate the Manitoba 

sediment quality guideline (lower) and the probable effect level (upper) 

for the protection of aquatic life 
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Figure 2-24: Mean±standard error of manganese measured in sediments and peat 

samples collected from the study area. Dashed lines indicate the Ontario 

lowest effect level (lower) and the severe effect level (upper) for the 

protection of aquatic life 
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Figure 2-25: Mean±standard error of mercury measured in sediments and peat samples 

collected from the study area. Dashed lines indicate the Manitoba 

sediment quality guideline (lower) and the probable effect level (upper) 

for the protection of aquatic life 
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Figure 2-26: Mean±standard error of nickel measured in sediments and peat samples 

collected from the study area. Dashed lines indicate the Ontario lowest 

effect level (lower) and the severe effect level (upper) for the protection of 

aquatic life 
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Figure 2-27: Mean±standard error of selenium measured in sediments and peat 

samples collected from the study area. The dashed line indicates the 

British Columbia sediment quality guideline for the protection of aquatic 

life. Numbers represent means that were less than the detection limits 

indicated 
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Figure 2-28: Mean±standard error of zinc measured in sediments and peat samples 

collected from the study area. Dashed lines indicate the Manitoba 

sediment quality guideline (lower) and the probable effect level (upper) 

for the protection of aquatic life 
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Figure 2-29: Mean±standard error of potassium measured in sediments and peat 

samples collected from the study area. There are no Manitoba sediment 

quality guidelines for the protection of aquatic life 

0

500

1000

1500

2000

2500

3000

SPL-7 GL-2 STL-1 surface OF Surface

and OF

OM

Sediment or Peat

T
o

ta
l 

K
 (

u
g

/g
 d

.w
.)…
.

Sediments Peat

Sediments 2001

Sediments 2002

Peat



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY  2-190 

 

Figure 2-30: Mean±standard error of sodium measured in sediments and peat samples 

collected from the study area. There are no Manitoba sediment quality 

guidelines for the protection of aquatic life  
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Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 
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Map illustrates the estimated extent of dewatered area 
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this area is uncertain due to the limited bathymetric data. 
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Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 
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Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 
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Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 
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Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 
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Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 

Legend
Flow

< 2 mg/L

2 - 3 mg/L

3 - 4 mg/L

4 - 5.5 mg/L

5.5 - 8 mg/L

8 - 9.5 mg/L Potential Dewatered Area

Existing Environment 
Shoreline - 95th Percentile

Excluded From 
Simulation

> 9.5 mg/L Keeyask Principal Structures

Map 2-21



Pond 
13

Carscadden
Lake

Nap  Creek
Clark
Lake

Hidden 
Creek

Ross Wright
Bay

O'Neil Bay

Caribou
 Island

Long
Rapids

Two Goose  Creek

Birthday 
     Rapids

STEPHENS
LAKE

Looking Back Creek

Portage  Creek

Trickle  Creek

Fork  Creek NELSON  RIVER

UVPR 280

Zone 1

Zone 3

Zone 12

Zone 2
Zone 10

Zone 1 (Riverine)

Zone 7

Zone 11

Zone 4

Zone 9

Zone 13

Zone 5

Zone 8

±

0 2.5 51.25 3.75 Miles

0 5 102.5 7.5 Kilometres
Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro. 
Extents of dewatered area are estimated 
based on the existing environment 95th percentile inflow.

Peat Transport Zones in the Keeyask Reservoir
 Post-Project

Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

W
ate

r_
Qu

ali
ty\

AE
SV

_2
_P

ea
tTr

an
sp

or
tZ

on
es

InK
ee

ya
sk

Re
se

rvo
ir_

PP
_2

01
20

50
2.m

xd

Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 
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Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2A-1 

The following provides a brief description of key water quality variables that are considered in the main 

document. 

2A.1 WATER TEMPERATURE AND 

STRATIFICATION 

Water temperature is an important variable in aquatic systems not only for its direct relevance to the 

growth, condition, and survival of biota, but also because it affects the rates and occurrence of biological 

processes and influences water chemistry (e.g., the amount of DO that water can hold is determined by its 

temperature). Changes to water temperature may affect water chemistry, growth and biological processes, 

toxicity of some substances, spawning times and locations, and productivity of aquatic organisms. Water 

temperature also affects important physical processes such as ice regimes. 

Some waterbodies, notably lakes, may regularly or periodically stratify. Stratification is a function of 

changes in water‟s density with changes in temperature (e.g., through surface warming or cooling) and the 

ability of the lake to mix upper and lower layers of water. It is commonly defined as a temperature change 

of 1°C or more in 1 m of water. Two distinct layers may form: an upper layer (epilimnion); and a lower 

layer (hypolimnion). Stratification may develop in summer when the epilimnion is warmed due to surface 

heating and the lake circulation is not strong enough to mix the less dense water at the surface with the 

cooler, denser hypolimnetic waters. In fall/winter, the epilimnion may cool and remain unmixed from the 

warmer and denser hypolimnion thus forming stratification. Numerous physical conditions affect the 

ability of stratification to develop in a lake including: lake morphometry; distance across which the wind 

blows (fetch); lake depth; lake volume; water residence time; air temperatures; wind speed; and solar 

radiation. Stratification is significant from a biological perspective as it affects temperature profiles in 

waterbodies and because it results in isolation of upper and lower layers of water, thus affecting exchange 

and flow of chemical constituents. In particular, stratified waterbodies may develop significant DO 

depletion in bottom waters. 

A2.2 DISSOLVED OXYGEN  

Dissolved oxygen is essential for the survival of most aquatic biota. It is consumed by aquatic organisms 

including animals, plants, algae, and bacteria in the water column and sediments. Sources of DO to 

aquatic systems are aeration (i.e., input of oxygen from the atmosphere) and photosynthesis by plants and 

algae. The concentration of DO in surface waters is affected by water temperature; colder water can hold 

more DO than warmer water and saturation occurs at a higher concentration in winter. DO may decrease 

in north temperate ecosystems that experience long periods of ice cover due to the lack of an oxygen 

source from the atmosphere (i.e., no or minimal reaeration due to ice). DO may also vary across depth in 

environments that stratify, typically being lowest at depth.  
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2A.3 WATER CLARITY: TOTAL SUSPENDED 

SOLIDS, TURBIDITY, SECCHI DISK 

DEPTH, AND COLOUR 

Water clarity is often described using measures of TSS or turbidity, which are generally interrelated (and 

typically correlated) but represent different measures. TSS is a measure of the amount (by weight) of 

suspended solids such as sediments in water whereas turbidity is a measure of scattering of light by 

suspended particles in water and it reflects the transparency of water caused by dissolved and suspended 

substances (Caux et al. 1997). At very high concentrations, TSS can reduce fish growth rates, modify fish 

movements, affect fish egg and larval development, impair foraging and predation behaviour of fish, 

reduce abundance of fish diet items, affect reproduction of aquatic biota, reduce immunocompetency of 

aquatic biota, and harm benthic habitats. At lower concentrations, suspended sediment can influence 

aquatic ecosystems by reducing light penetration into the water column, thereby limiting the growth of 

plants and algae, and may affect behaviour of aquatic life (e.g., predation success of fish). Turbidity and 

TSS are also relevant to the suitability of water used for drinking and recreation, and affect the aesthetic 

quality of aquatic ecosystems. Primary sources of TSS in surface waters include shoreline erosion, point 

sources (e.g., municipal or industrial wastewaters), surface water runoff/land use, and sediment 

resuspension. 

Secchi disk depth refers to the depth at which a black and white coloured disk lowered into the water is 

no longer visible. It is used as a general indicator of water clarity and can be used to estimate the depth of 

the euphotic zone (generally defined as the depth at which 1% surface radiation remains) in aquatic 

ecosystems. As Secchi disk depth is affected by all factors affecting visibility, including the presence of 

algae, it is often used as one of several indicators of trophic status in lakes. 

Colour is the result of backscattering of light upward from a water body after it is selectively absorbed at 

various depths (CCME 1999; updated to 2012). Both the colour of light and turbidity determine the 

depth to which light penetrates a water body. The colour of water can be measured as apparent colour or 

true colour. True colour, which was measured in this study, depends on the dissolved fraction of 

substances in water, and also on the physical and chemical properties that affect the solubility and 

stability of the dissolved and particulate fractions of water such as pH and temperature (CCME 1999; 

updated to 2012). It is important in terms of aesthetics, drinking water quality (aesthetics), the toxicity of 

certain contaminants (e.g., mercury toxicity increases with increasing water colour [Haines et al. 1995]), 

and is pertinent to the behaviour and presence of aquatic flora and fauna (e.g., algal species composition; 

reviewed in CCME 1999; updated to 2012).  

2A.4 NITROGEN AND PHOSPHORUS 

Nitrogen and phosphorus are the major nutrients in surface waters that support the growth of aquatic 

plants, benthic algae (i.e., periphyton), and algae in the water column (phytoplankton). Sources of 

nutrients in surface waters include the breakdown of organic matter, excretion by organisms, wastewater 

discharges, erosion and run-off from the watershed, sediment resuspension, and atmospheric deposition. 
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Nutrients are not toxic at the concentrations normally found in surface waters. However, nutrient 

enrichment can stimulate excessive growth of plants and algae (i.e., eutrophication), which can 

subsequently lead to the degradation of aquatic habitat through physical changes (e.g., excessive plant or 

algal growth over gravel substrate), and through changes to water quality (reduced dissolved oxygen at 

night, reduced water clarity due to phytoplankton, and possible production of toxins by some forms of 

phytoplankton). Stimulation of plant or algal growth by nutrient enrichment in individual water bodies 

also depends on several other factors that potentially limit plant or algal growth, such as water clarity, 

temperature, flushing rates, and turbulence. 

Nitrogen is a major plant nutrient that may affect the productivity of fresh waters (Wetzel 1983). In 

water, nitrogen may be found in a number of forms: ON, ammonia-nitrogen, nitrate-nitrogen, and 

nitrite-nitrogen. Within surface waters, these various nitrogen pools may exist in particulate or dissolved 

forms. Organic nitrogen decays to produce ammonia via anaerobic bacterial decay processes. Ammonia 

in turn is converted to nitrite and ultimately to nitrate via the process of nitrification - an aerobic bacterial 

process. Algae (and other aquatic plants) readily take up dissolved inorganic nitrogen, which consists of 

ammonia and nitrate, with a typical preference for ammonia. Three forms of nitrogen were measured in 

this study: dissolved nitrate/nitrite-nitrogen; total Kjeldahl nitrogen (i.e., the sum of ON and ammonia); 

and dissolved ammonia-nitrogen. 

Phosphorus is the most common nutrient limiting the growth of phytoplankton in lentic fresh water 

systems and concentrations are often related to the productivity of aquatic systems (Wetzel 1983). Two 

types of phosphorus, TP and DP, were quantified in this study. Dissolved forms of phosphorus are those 

most readily used by phytoplankton for growth. The amount of DP in the water column may fluctuate 

over the growing season, as phosphorus is bound up in algal cells and plants in the spring and summer, 

and is released in the fall and winter with the death and decomposition of plankton and plant matter. 

Total phosphorus includes DP as well as the phosphorus contained in suspended matter such as 

plankton (small plants and animals that exist in the water column) or bound to mineral sediments. 

2A.5 CARBON 

In the aquatic environment, carbon exists in two primary forms: OC (such as the carbon contained in 

humic acids, sugars, and carbohydrates); and inorganic carbon (IC; such as the carbon contained in 

carbon dioxide, carbonate, and bicarbonate). Carbon is found in many different substances, some of 

which may be dissolved in water and others that may be bound to (or contained within) particles 

suspended in the water column. 

Algae and rooted plants can use IC, in the form of carbon dioxide, and convert it to OC through 

photosynthesis. Bacteria and other microorganisms may consume dissolved and particulate OC, and in 

turn provide food for larger organisms such as invertebrates and fish. The amounts and types of carbon 

present in aquatic ecosystems are dependent on numerous variables, including the type of rock in the area 

(i.e., geological conditions), climate, topography, vegetative cover, and size of the watershed (Horne and 

Goldman 1994). Dissolved organic carbon may also affect light attenuation in waterbodies; generally, as 

DOC, particularly the concentration of humic materials, increases, light attenuation also increases (Wetzel 
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1983). DOC may also form complexes with nutrients and metals, thus reducing their bioavailability 

(Faithfull et al. 2006; Gorniak et al. 1999; Jones et al. 1988). 

2A.6 pH  

The pH of water indicates the acidity of an aquatic system, and is influenced by nutrients, organic acids, 

metals, gases, algae (i.e., photosynthesis), solar radiation (i.e., temperature), and particulates (CCME 1999; 

updated to 2012). Changes in pH can influence the chemical state of important plant nutrients such as 

phosphate, ammonia, iron, and trace metals (Horne and Goldman 1994). pH may directly affect aquatic 

biota (i.e., highly acidic or alkaline conditions can threaten aquatic life) or may be indirectly harmful to 

aquatic life (e.g., increase bioavailability of metals). Reductions of pH may mobilize metals bound in 

sediments (i.e., release metals to water) and may alter the physico-chemical form of metals in aquatic 

systems. Additionally, accumulation of methylmercury in fish is greater in low pH lakes (Spry and Wiener 

1991). pH may be altered by flooding of soils, decomposition of organic matter, and photosynthesis. A 

fairly wide range of pH in surface water is suitable for aquatic life and wildlife. 

2A.7 HARDNESS 

Hardness, a measure of the concentration of calcium carbonate in water, affects the accumulation and 

toxicity of numerous metals to aquatic biota (i.e., metals are less toxic to aquatic life in hard water). 

Hardness is a reflection of the type of soil minerals and bedrock in the local environment, as well as the 

hydrological characteristics of the area (e.g., length of time water is in contact with bedrock). In general, 

soft water occurs in watersheds characterized by igneous rock, whereas hard water occurs in systems 

draining through carbonate rock (Williamson and Ralley 1993). The hardness of surface waters is 

generally categorized according to the ranges presented in Table 2-2 (CCREM 1987). 

2A.8 ALKALINITY 

Alkalinity is a measure of the water‟s acid-neutralizing capability, which is largely dependent upon the 

concentration of calcium carbonate (water hardness) in the water. It is generally a reflection of the local 

geology and bicarbonates being leached from the soil. High alkalinity may indicate high levels of primary 

production and nutrient inputs. Production and bioaccumulation of methylmercury in aquatic food webs 

is greater in low alkalinity/low pH lakes (Spry and Wiener 1991). Furthermore, lakes with low-buffering 

capacity may be more susceptible to acidification due to flooding or acidic precipitation. The sensitivity 

of lakes to acidification is often categorized on the basis of total alkalinity. A commonly applied 

categorization scheme is presented in Table 2-3 (Saffran and Trew 1996). 

2A.9 TOTAL DISSOLVED SOLIDS AND 

CONDUCTIVITY 

Total dissolved solids and conductivity are measures of the amount of minerals and organic matter 

dissolved in water, reflecting both natural conditions such as local geology, and anthropogenic activities 
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that increase these substances in water (e.g., mining effluents). Total dissolved solids may affect the quality 

of water for human use (i.e., taste, scaling, corrosion, and laxative effects). 

Electrical conductivity is a measure of water‟s ability to conduct an electrical current and indicates the 

amount, but not the type, of dissolved solids present. As the amount of solute dissolved in water is 

temperature dependent, conductivity of a solution typically increases by approximately 2% with each 1°C 

increase in temperature (Wetzel 1983). To provide comparable data between locations and sampling 

times, conductivity is frequently expressed as specific conductance, which is conductivity standardized to 

a water temperature of 25°C. 

2A.10 METALS AND METALLOIDS 

Metals and metalloids (i.e., mercury, selenium, and arsenic) are typically present in surface waters and 

sediments. At sufficient concentrations, certain metals/metalloids (such as arsenic, cadmium, and 

mercury) can be harmful to fish, wildlife, and humans. Conversely, many metals are biologically essential 

(e.g., iron, calcium). Metals are introduced to surface waters through erosion and weathering of soils and 

rock and atmospheric deposition. Whereas high concentrations of metals occur naturally in some 

waterbodies, they may become elevated due to various anthropogenic activities, including acidification 

(e.g., acid rain), agricultural activities, mining and smelting, combustion of fossil fuels, or the release of 

municipal and industrial effluents. In aquatic ecosystems, metals may bioaccumulate in aquatic biota 

through water and ingestion of food containing metals. Mercury also biomagnifies across the food web 

and is generally found at the highest concentrations in top predators. In freshwater aquatic ecosystems, 

the highest concentrations are generally observed in piscivorous fish, such as northern pike and walleye. 

Flooding may increase the accumulation and magnification of mercury in aquatic ecosystems, an effect 

that is commonly observed in newly created hydroelectric reservoirs.  

2A.11 BACTERIA AND PARASITES  

Fecal coliform bacteria (used as an indicator of the potential presence of pathogenic bacteria) and the 

protozoan parasites Cryptosporidium sp. and Giardia sp. can be spread through the release of untreated 

human and animal wastes into surface waters. These organisms may have human or animal (i.e., livestock 

or wildlife) origin. Giardia causes giardiasis, known colloquially as „beaver fever‟, and Cryptosporidium 

causes cryptosporidiosis in humans, both of which are intestinal disorders. Their presence affects the 

quality of water used for drinking and for recreation. 
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The following is a summary of water and sediment quality objectives and guidelines applied for 

evaluation of water quality data collected in the study area. Water and sediment quality objectives and 

guidelines discussed below refer to those presented in MWS (2011) and CCME (1999; updated to 2012) 

for PAL, drinking water, and recreation. 

Many of MWQSOGs for water and sediment quality are identical to the CCME guidelines. Where 

differences exist, they are discussed in the following sections. 

2B.1 WATER QUALITY OBJECTIVES AND 

GUIDELINES FOR THE PROTECTION OF 

AQUATIC LIFE 

2B.1.1 AMMONIA 

MWQSOGs for ammonia are dependent upon water temperature and pH and the presence of cool- or 

cold-water aquatic life (MWS 2011). A representative range of Manitoba water quality objectives for 

ammonia for the range of pH and temperature measured at across the study area (i.e., site-specific 

objectives) during water quality sampling is presented in Table 2B-1.  

The CCME PAL guidelines for ammonia (Table 2B-2) are similar to the MWQSOGs as they are also 

based upon water temperature and pH. Major differences relate to the data used for derivation of the 

guidelines and the application of multiple objectives for different life history stages of cool- and cold-

water aquatic life in the MWQSOGs. Ranges of MWQSOGs are provided for comparison in Table 2B-2. 

Depending upon pH and temperature, and the specific applicable MB objective for that 

location/condition, MWQSOGs are lower than, similar to, or higher than the CCME guidelines 

(Table 2B-2). 

2B.1.2 DISSOLVED OXYGEN 

Manitoba water quality objectives for DO are dependent upon water temperature, life history stages, and 

the presence of cool-water fish (such as northern pike and walleye) or cold-water fish species (such as 

lake whitefish; MWS 2011). Objectives are generally more stringent in environments inhabited by cold-

water fish species. Objectives, which are specific for early life stages and mature life stages and vary 

according to the averaging duration, are presented in Table 2B-3. 

In winter, when water temperature is less than or equal to 5°C and early life stages of fall spawning cold-

water fish species (e.g., lake whitefish and cisco) may be present in the study area, the first two objectives 

apply (9.5 mg/L chronic objective and 8.0 mg/L instantaneous minimum objective) to ensure the 

protection of these early life stages. Less stringent objectives apply in winter for cool-water fish species 

that are spring spawners (3.0, 4.0, and 5.5 mg/L). 
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In the open water season, when water temperature is greater than 5°C and early life stages of cold-water 

fish species are not present, objectives are less stringent (objectives range from 4.0 to 6.5 mg/L). 

However, early life stages of spring spawning fish species (e.g., walleye) may be present in the study area at 

this time, thus requiring application of appropriate guidelines to ensure their protection (i.e., early life 

stages of cool water species are present ). Of the two, objectives for the protection of mature life stages 

of cold-water fish species and early life stages of cool-water fish species (i.e., when water temperature is 

greater than 5°C) are similar, with one major exception. The instantaneous minimum for the protection 

of early life stages of cool-water fish species in the ice-free season (5.0 mg/L) is more stringent than the 

instantaneous minimum objective for the protection of mature life stages of cold-water fish species 

(4.0 mg/L); chronic objectives are similar for both (5.0 to 6.5 mg/L). 

The CCME (1999; updated to 2012) has also adopted guidelines that vary according to the presence of 

early life history stages but differ by differentiating between warm-water and cold-water ecosystems 

rather than cool- and cold-water ecosystems (Table 2B-4). The study area does not contain warm-water 

species and only the cold-water guidelines would be applicable. The CCME also indicate a minimum DO 

concentration of 6.5 mg/L should be applied within redds to protect fish embryos. While there are fewer 

CCME guidelines for DO, the guidelines for cold-water ecosystems are identical to the most stringent 

Manitoba water quality objectives (i.e., 6.5 and 9.5 mg/L). 

2B.1.3 TOTAL SUSPENDED SOLIDS AND TURBIDITY 

The MWQSOGs specify two objectives for TSS, depending upon the averaging duration, and vary 

according to the environment (i.e., background TSS conditions). The short-term objective indicates an 

allowable increase of up to 25 mg/L above background, where background TSS concentrations are less 

than or equal to 250 mg/L or a 10% change from background where TSS is greater than 250 mg/L. The 

applicable averaging duration for this objective is one day. 

The applicable long-term Manitoba PAL objective for the study area would generally be an allowable 

increase in TSS of 5 mg/L (applies to aquatic environments where „background‟ TSS is less than or equal 

to 25 mg/L) for the protection of aquatic life (MWS 2011), as TSS is generally below 25 mg/L along the 

Nelson River. However, TSS has ranged above 25 mg/L; in such instances the chronic objective would 

be the equivalent of a 10% increase above background. The MWQSOGs also indicate that turbidity may 

be used as a surrogate for TSS, with guidelines reflecting an equivalent level of change as calculated from 

site-specific or regional-specific correlations between these variables. 

The CCME (1999; updated to 2012) have adopted similar water quality guidelines for TSS as summarized 

in Table 2B-5. 
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2B.1.4 NITRATE 

The Manitoba water quality guideline for nitrate for the protection of aquatic life is 2.93 mg N/L1, which 

is consistent with the CCME PAL guideline. 

2B.1.5 CANADIAN COUNCIL OF MINISTERS OF THE 

ENVIRONMENT PHOSPHORUS GUIDANCE 

FRAMEWORK 

The CCME introduced a phosphorus guidance framework in 2004 (CCME 1999; updated to 2012). Once 

the background or reference condition has been defined, the trophic status of a waterbody is classified 

according to total phosphorus concentrations (Table 2B-6). The framework indicates two triggers to 

define increases from background (i.e., reference conditions) that may indicate a potential problem or risk 

of an impact. The first trigger specifies that TP should remain within the defined trophic category  

(i.e., the upper limit of a trophic category is considered the trigger). The second trigger specifies that TP 

should not increase by more than 50% from background, regardless of whether the first trigger is met or 

exceeded.  

2B.1.6 MANITOBA NARRATIVE NUTRIENT GUIDELINE 

MWS (2011) presents a narrative nutrient guideline, with a numerical guideline for phosphorus, for 

Manitoba surface waters, which is intended to protect various water usages. The guideline specifies: 

“Nitrogen, phosphorus, carbon, and contributing trace elements should be limited to the extent necessary 

to prevent the nuisance growth and reproduction of aquatic rooted, attached and floating plants, fungi, or 

bacteria, or to otherwise render the water unsuitable for other beneficial uses. For general guidance, 

unless it can be demonstrated that total phosphorus is not a limiting factor, considering the 

morphological, physical, chemical, or other characteristics of the water body, total phosphorus should 

not exceed 0.025 mg/L in any reservoir, lake, or pond, or in a tributary at the point where it enters such 

bodies of water. In other streams, total phosphorus should not exceed 0.05 mg/L. It should be noted 

that maintenance of such concentrations may not guarantee that eutrophication problems will not 

develop.” 

                                                      

1 The Manitoba PAL guideline for nitrate indicated in MWS (2011) was incorrectly identified as 13 mg N/L. The 

PAL guideline should read 2.93 mg N/L (Armstrong pers. comm. 2012). 
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2B.1.7 pH 

The Manitoba (MWS 2011) and the CCME (1999; updated to 2012) pH guideline for the protection of 

aquatic life is a range of 6.5–9.  

2B.1.8 METALS  

The majority of MWQSOGs for metals and major ions for the protection of aquatic life are identical to 

the CCME PAL guidelines (Table 2B-7). Exceptions include metals which are identified as Tier II 

objectives in the MWQSOGs. Although both the CCME and MWS specify that guidelines/objectives for 

cadmium, copper, and nickel should be derived based on site-specific hardness the absolute values differ; 

CCME guidelines for copper and cadmium are more stringent than MWQSOGs while the MWQSOG 

for nickel is more stringent than the CCME guideline. In addition, the CCME guidelines for chromium 

and zinc are lower than the MWQSOGs. It should be noted that the MWQSOGs incorporate water 

hardness in the calculation of site-specific objectives for both chromium and zinc whereas the CCME 

guidelines do not. The CCME guideline for arsenic is notably lower than the MWQSOG for PAL.  

2B.1.9 CHLORIDE 

The CCME has recently developed a guideline for chloride whereas there is currently no guideline 

identified in the MWQSOGs. 

2B.2 DRINKING WATER QUALITY OBJECTIVES 

AND GUIDELINES 

Drinking water quality guidelines are presented in Table 2B-8. MWQSOGs for variables presented in 

Table 2B-8 are identical to the CCME (1999; updated to 2012)/Health Canada (2010) drinking water 

quality guidelines. 

2B.3 WATER QUALITY OBJECTIVES AND 

GUIDELINES FOR RECREATION 

Manitoba water quality objectives and guidelines for recreation are largely identical to CCME/Health 

Canada guidelines (Table 2B-9). In addition to the numerical guidelines presented in Table 2B-9, both 

Manitoba and CCME/Health Canada also specify narrative guidelines for the protection of aesthetics 

(e.g., odour, appearance), debris, and oil and grease. While Health Canada (Health and Welfare Canada 

1992) suggest a guideline of 50 NTU for turbidity, MWS only identify a narrative guideline for this 

parameter. In addition, MWS do not identify a minimum Secchi disk depth for primary contact recreation 

waters. 
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2B.4 SEDIMENT QUALITY GUIDELINES 

Manitoba adopted the CCME sediment quality guidelines in the MWQSOGs (MWS 2011) as indicated in 

Table 2B-10. Guidelines adopted by other agencies for additional substances are also presented in Table 

2B-10 below. The British Columbia Ministry of the Environment (2009) guideline for selenium (2.0 µg/g 

d.w. based on a total organic carbon content of 5%) was also used for comparison to Keeyask 

environmental studies. 
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Table 2B-1: Range of applicable Manitoba Water Quality Objectives for ammonia, for 

the protection of cool-water and cold-water aquatic life and wildlife. 

Values calculated from algorithms provided in Manitoba Water 

Stewardship (2011) and the range of pH (laboratory) and water 

temperature measured in the study area. The most stringent objective is 

indicated in red 

pH 
Temperature 

(°C) 

 Ammonia Objective (mg N/L) 

 Averaging Period 

 30-day 4-day 1-hour 

Cool-water species:  early life stages present      

6.70 0.0  6.44 16.1 44.6 

 23.1  3.71 9.26 44.6 

8.69 0.0  0.791 1.98 2.25 

 23.1  0.455 1.14 2.25 

Cool-water species:  early life stages absent      

6.70 0.0  10.5 26.2 44.6 

 23.1  3.71 9.26 44.6 

8.69 0.0  1.29 2.25 2.25 

 23.1  0.455 1.14 2.25 

Cold-water species:  early life stages present      

6.70 0.0  6.44 16.1 29.8 

 23.1  3.71 9.26 29.8 

8.69 0.0  0.791 1.50 1.50 

 23.1  0.455 1.14 1.50 

Cold-water species:  early life stages absent      

6.70 0.0  10.5 26.2 29.8 

 23.1  3.71 9.26 29.8 

8.69 0.0  0.455 1.14 1.50 

 23.1  0.455 1.14 1.50 
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Table 2B-2: Range of applicable Canadian Council of Ministers of the Environment 

(CCME) water quality guidelines for ammonia, for the protection of aquatic 

life, based on the range of pH (in situ) and water temperature measured in 

the study area. The ranges of Manitoba Water Quality Standards, 

Objectives and Guidelines (MWQSOGs) for the same temperature and pH 

are provided for comparison 

pH Temperature (oC) 

CCME Total Ammonia 
Guideline 

(mg N/L) 

MWQSOGs Total Ammonia 
(mg N/L) 

6.0 0 190 6.67–55.0 

 25 27.6 3.39–55.0 

6.5 0 60.0 6.67–48.8 

 25 8.72 3.39–48.8 

7.0 0 19.0 5.91–36.1 

 25 2.77 3.01–36.1 

7.5 0 6.02 4.36–19.9 

 25 0.888 0.222–19.9 

8.0 0 1.92 2.43–8.41 

 25 0.291 1.24–8.41 

8.5 0 0.616 1.09–3.20 

 25 0.103 0.554–3.20 

9.0 0 0.206 0.486–1.32 

 25 0.044 0.247–1.32 

 

Table 2B-3: Manitoba Water Quality Objectives for dissolved oxygen (Manitoba Water 

Stewardship 2011) 

Conditions 

Dissolved Oxygen Objective (mg/L) 

Averaging Duration 

Instantaneous 

Minimum 

7 Day 

Min. 

7 

Days 

30 

Days 

Cold-Water Aquatic Life and Wildlife     

When Water Temperature  5°C and Early Life Stages Present 8.0 - 9.5 - 

When Water Temperature > 5°C and Mature Life Stages Present 4.0 5.0 - 6.5 

     

Cool-Water Aquatic Life and Wildlife     

When Water Temperature  5°C and Mature Life Stages Present 3.0 4.0 - 5.5 

When Water Temperature > 5°C and Early Life Stages Present 5.0 - 6.0 - 
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Table 2B-4: Canadian Council of Ministers of the Environment water quality guidelines 

for dissolved oxygen (CCME 1999; updated to 2012) 

Ecosystem 
Dissolved oxygen (mg/L) 

Early Life Stages Other Life Stages 

Warm-water 6 5.5 

Cold-water 9.5 6.5 

 

 

Table 2B-5: Canadian Council of Ministers of the Environment total suspended solids 

guidelines for the protection of aquatic life 

Conditions Duration Guideline 

Clear Flow Short-Term (e.g., 24-hour 
period) 

Maximum increase of 25 mg/L from background 
levels for any short-term exposure.  

 Longer-Term (e.g., inputs 
lasting between 24 h and 30 d). 

Maximum average increase of 5 mg/L from 
background levels for longer-term exposures. 

High Flow All periods Maximum increase of 25 mg/L from background 
levels at any time when background levels are 
between 25 and 250 mg/L. Should not increase 
more than 10% of background levels when 
background is >250 mg/L. 

 

 

Table 2B-6: Canadian Council of Ministers of the Environment total phosphorus trigger 

ranges for Canadian lakes and rivers 

Trophic Status/Category 
Canadian Trigger Ranges for 

Total Phosphorus (µg/L) 

Ultra-oligotrophic <4 

Oligotrophic 4–10 

Mesotrophic 10–20 

Meso-eutrophic 20–35 

Eutrophic 35–100 

Hyper-eutrophic >100 
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Table 2B-7: Manitoba Water Quality Standards, Objectives and Guidelines (MWQSOGs; 

MWS 2011) and Canadian Council of Ministers of the Environment 

guidelines (CCME 1999; updated to 2012) for metals and major ions for 

the protection of aquatic life. The most stringent objectives/guidelines are 

indicated in red 

Parameter 

MWQSOGs 

 

CCME Guidelines 

Guidelines: Not 
dependent on 

water hardness 
(μg/L) 

Objectives for 
Total Metals: 
Dependent on 

water hardness1 

(μg/L) 

 

Guidelines: Not 
dependent on 

water hardness 
(μg/L) 

Guidelines for 
Total Metals: 
Dependent on 

water hardness1 

(μg/L) 

Aluminum 5 or 100 2 - 
 

5 or 100 2 - 

Arsenic 150 3,4 - 
 

5 - 

Boron 

29,000 ug/L 
(short-term) and 

1,500 ug/L  
(long-term) 

- 
 

29,000 ug/L  
(short-term) and 

1,500 ug/L  
(long-term) 

- 

Cadmium - 1.54–3.35 
 

- 0.02–0.05 

Chloride - - 
 

640,000 ug/L 
(short-term) and 

120,00 ug/L 
(long-term) 

- 

Chromium (III) - 53–119 4 
 

8.9 - 

Copper - 5.58–13.0 4 
 

- 2–3.31 

Iron 300 - 
 

300 - 

Lead - 1.5–5.2 4 
 

- 1.5–5.2 

Mercury (inorganic) 0.026 - 
 

0.026 - 

Methylmercury 0.004 - 
 

0.004 - 

Molybdenum 73 - 
 

73 - 

Nickel - 31–73 4 
 

- 61–129 

Selenium 1 - 
 

1 - 

Silver 0.1 - 
 

0.1 - 

Sodium - - 
 

- - 

Thallium 0.8 - 
 

0.8 - 

Uranium 
33 ug/L (short-

term) and 15 ug/L 

(long-term) 

- 
 

33 ug/L (short-term) 
and 15 ug/L 

(long-term) 

- 

Zinc - 72-167 4 
 

30 - 

1. Based on range of water hardness in the study area. 
2. Guideline is 5 µg/L where pH < 6.5 and 100 µg/L where pH ≥ 6.5. The latter is applicable to the study area. 
3. Dissolved arsenic objective (MWS 2011). 
4. Values represent the chronic (4-day averaging duration objective) objectives. 
5. Short-term and long-term guidelines, respectively. 
6. Total chromium (i.e., Cr (III) + Cr (VI)). 
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Table 2B-8: Selected Manitoba Water Quality Standards, Objectives and Guidelines 

(MWQSOGs) and Canadian Council of Ministers of the Environment 

(CCME) drinking water quality guidelines 

Parameter 

MWQSOGs 

 

CCME/Health Canada Guidelines 

Maximum Acceptable 
Concentration 

(μg/L) 

Aesthetic 
Objective 

(μg/L) 

 

Maximum Acceptable 
Concentration 

(μg/L) 

Aesthetic 
Objective 

(μg/L) 

Aluminum - - 

 

-1 - 

Antimony 6 - 

 

6 - 

Arsenic 10 - 

 

10 - 

Barium 1,000 - 

 

1,000 - 

Boron 5,000 - 

 

5,000 - 

Cadmium 5 - 

 

5 - 

Chloride - ≤ 250,000 

 

- ≤ 250,000 

Chromium 50 - 

 

50 - 

Copper - ≤ 1,000 

 

- ≤ 1,000 

Fluoride 1,500 - 

 

1,500 - 

Iron - ≤ 300 

 

- ≤ 300 

Lead 10 - 

 

10 - 

Manganese - ≤ 50 

 

- ≤ 50 

Mercury 1 - 

 

1 - 

Molybdenum - - 

 

- - 

Nickel - - 

 

- - 

Selenium 10 - 

 

10 - 

Silver - - 

 

- - 

Sodium - ≤ 200,000 

 

- ≤ 200,000 

Sulphate - ≤ 500,000 

 

- ≤ 500,000 

Thallium - - 

 

- - 

Uranium 20 - 

 

20 - 

Zinc - ≤ 5,000 

 

- ≤ 5,000 

Fecal Coliform 
Bacteria 

0 CFU/100 mL -  0 CFU/100 mL - 

Total Coliform 
Bacteria 

0 per 100 mL -  0 per 100 mL - 

Total Dissolved Solids - ≤ 500 mg/L  - ≤ 500 
mg/L 

Colour - ≤15 TCU  - ≤15 TCU 

pH - 6.5-8.5  - 6.5-8.5 

Turbidity 0.3/1.0/0.1 NTU 2 ≤ 5 NTU  0.3/1.0/0.1 NTU 2 - 

Nitrate/nitrite 10 mg N/L -  10 mg N/L - 

1. Health Canada applies an operation guidance value (0.1/0.2 mg/L) designed to apply only to drinking water treatment 
plants using aluminum-based coagulants. 

2. “The treated water turbidity target is 0.1 NTU at all times. Where this is not achievable, the maximum treated water 
turbidity level depends on the method of treatment used. Based on chemically assisted filtration/slow sand or 
diatomaceous earth filtration/membrane filtration. 
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Table 2B-9: Select Manitoba Water Quality Standards, Objectives and Guidelines 

(MWQSOGs) and Canadian Council of Ministers of the Environment 

(CCME)/Health Canada water quality objectives and guidelines for 

recreation 

Parameter 

Objectives / Guidelines 

MWQSOG CCME/Health Canada 

Fecal Coliform Bacteria/ 
Escherichia coli 

200 CFU/100 mL 200 E. coli / 100 mL 1 

Turbidity Narrative: Free from materials that produce 
colour, odour, taste, turbidity, or other 
conditions in such a degree as to be 
objectionable or to impair any beneficial 

use. 

50 NTU 

Secchi disk depth - 1.2 m (minimum) 

pH 5.0–9.0 6.5–8.5/5–9 2 

1. Guideline not to be exceeded as determined using the geometric mean of a minimum of five samples collected within a 30-
day period. 

2. Larger range in poorly buffered systems. 

 

Table 2B-10: Manitoba (MWS 2011), Canadian Council of Ministers of the Environment 

(CCME 1999; updated to 2012), and Ontario (Persaud et al. 1993) 

sediment quality guidelines for metals for the Protection of Aquatic Life. 

Sediment quality guidelines used for the Keeyask Environmental Impact 

Statement are indicated in red  

Substance 

Manitoba/CCME Sediment quality 

guidelines 

(µg/g d.w.)  

Ontario Sediment quality 

guidelines 

(µg/g d.w.) 

SQG1 PEL1  LEL1 SEL1 

Arsenic 5.9 17  6 33 

Cadmium 0.6 3.5  0.6 10 

Chromium 37.3 90  26 110 

Copper 35.7 197  16 110 

Iron - -  20,000 40,000 

Lead 35 91.3  31 250 

Manganese - -  460 1,100 

Mercury 0.17 0.486  0.2 2 

Nickel - -  16 75 

Selenium - -  - - 

Zinc 123 315  120 820 

1. SQG = sediment quality guideline; PEL = probable effect level; LEL = lowest effect level; and SEL = severe effect level. 
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2C.1 INTRODUCTION 

The following provides a detailed description of sampling and data analysis methods for the water quality 

and sediment quality Keeyask environmental studies conducted from 1999–2006. 

2C.2 WATER QUALITY SAMPLING PROGRAM 

2C.2.1 SAMPLING SITES 

Water quality sampling was conducted in the study area, ranging from the inflows to Split Lake, along the 

mainstem of the Nelson River to Gillam Island, and several off-system sites including tributary streams, 

Assean Lake, and the north arm of Stephens Lake over the period from 1999–2006. Sampling was 

conducted on one or more occasions at the following sites: 

Tributaries to Split Lake 

 Two sites (one site upstream and one site downstream of the Kelsey GS) on the Nelson River 

upstream of Split Lake (SPL2 and SPL9); 

 One site at the mouth of the Burntwood River (SPL1); and 

 One site in the Aiken River (AK1). 

Nelson River Mainstem Sites 

 Nine sites in Split Lake, including two sites near the community of York Landing (SPL3-SPL8, YL1); 

 One site at the outlet of Clark Lake (CL1); 

 Two sites on the Nelson River between Clark and Stephens lakes (NR1 and NR2); 

 Two sites in Gull Lake (GL1 and GL2); 

 Two sites near the south and north shores of the Nelson River just upstream of Stephens Lake 

(CAMP1 and CAMP2); 

 Three sites in Stephens Lake, including two on the south end along the main flow of the Nelson 

River and one in the north arm (STL1-STL3); 

 One site in Stephens Lake near the Town of Gillam‟s drinking water intake location (GT1); 

 One site in each of the Longspruce and Limestone reservoirs (NR3 and NR4); 

 Four additional sites on the lower Nelson River up to Gillam Island (NR5-NR8). 

Large Tributaries to the Nelson River 

 Two sites in Assean Lake (an off-system waterbody which flows to Clark Lake; AL1 and AL2); and 
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 One sample in each the Limestone, Angling, and Weir rivers (LR1, AL1, and WR1). 

Small Tributaries to the Nelson River 

 One site near the mouths of each of Two Goose (Trib1), Portage (Trib2), and Rabbit (Trib3) creeks 

that discharge to the Nelson River upstream of Gull Lake; and 

 One site near the mouths of each of Beaver Creek (BC1), Swift Creek (SCK1), Tiny Creek (TC1), 

Goose Creek (GS1), and Creek #15 (15C1) that discharge to the lower Nelson River downstream of 

Stephens Lake. 

A list of sampling sites is provided in Table 2C-1. Sites are illustrated in Map 2-3. 

2C.2.2 SAMPLING PERIODS 

Water quality studies were initiated at a limited number of sites in 1999. The majority of the sampling 

occurred from 2001 to 2004, with additional data collected in 2005 and 2006 to address data gaps. A 

summary of sites sampled by year is provided in Table 2C-1. 

Sampling was conducted four times in the open water season from 2001–2004 to provide an indication 

of seasonal variability. Approximate sampling times were: 

 June; 

 July; 

 Mid-August to early September; and 

 Mid-September to early October. 

Additionally, water quality was examined at a subset of sites in winter from 2001–2004; not all sites can 

be accessed in winter due to logistics and safety issues. A focused water quality study was also conducted 

near the community of York Landing in winter 2007.  

Parameters measured included in situ variables and a suite of variables measured at an accredited analytical 

laboratory. A list of parameters measured in the study area is provided in Table 2C-2. Not all parameters 

were measured at all sites and times. Additional sampling was conducted in winter 2004, 2005 and 2006 

to examine DO conditions in off-current areas under long periods of ice cover (Map 2C-1).  

Water quality was also measured at a number of sites downstream of Stephens Lake in the open water 

seasons of 2002–2004 and in the ice-cover seasons of 2003, 2004, and 2006 at accessible sites. Sites 

included six locations on the mainstem of the Nelson River, major tributaries (Limestone, Angling, and 

Weir rivers), and smaller tributaries (Beaver, Swift, Tiny, and Goose creeks and Creek #15). 

A water quality sampling program was also conducted in the open water season of 2009 to provide more 

current information for the study area. However, this information has not been summarized in the 

AE SV. 
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2C.2.3 SAMPLING METHODS 

In the open water season, all mainstem sampling sites located upstream of the Long Spruce reservoir 

were accessed by and sampled from a boat. The three tributaries (Two Goose Creek, Rabbit Creek, and 

Portage Creek) entering the Nelson River between Clark Lake and Gull Lake were also accessed by boat, 

however, water samples were collected from shore at a point approximately 50 metres (m) upstream of 

where the tributary entered the mainstem. All sites on the lower Nelson River downstream of the 

Limestone River were accessed by helicopter and sampled from shore. Sample sites in the Long Spruce 

and Limestone reservoirs were accessed by road and sampled directly from the GS structure. The 

sampling site located in the Kelsey reservoir (SPL9) was accessed by boat then sampled directly from the 

GS structure. The Limestone River was also accessed by road and sampled from shore. Sites sampled in 

the winter were accessed by helicopter and/or snowmobile.  

In the open water season, samples were collected directly into laboratory-supplied sample bottles from 

approximately 30 centimetres (cm) below the water surface. Sample sites in the Kelsey, Long Spruce, and 

Limestone reservoirs were sampled from the GS structure using a Kemmerer water sampler. In winter, 

water samples were collected with a Kemmerer sampler from holes drilled in the ice with a 10 inch 

gasoline-powered auger. 

Samples for analysis of total metals were preserved in the field by the addition of 5 millilitres (mL) of 

20% nitric acid to a 500 mL sample volume. Immediately after collection, samples were stored on ice in 

the dark until received by ALS Laboratories in Winnipeg (which generally occurred within 24 hours).  

In situ temperature, specific conductance, DO, pH, and turbidity measurements were made using a 

Horiba® U-10 Water Quality Checker, a YSI Model 30 Handheld Salinity, Conductivity, and 

Temperature System, a YSI Model 55 or 95 Dissolved Oxygen Meter, an Analite Turbidimeter and/or a 

HACH 2100P Turbidimeter. In situ measurements were obtained near the water surface and at select 

sites, along depth profiles or near the bottom (or at a depth of 10 m, whichever was less); due to high 

velocities and depths, depth profiles could not be measured with in situ meters at all sites. 

In September 2004, dissolved oxygen was measured at depth from the Limestone GS reservoir to 

determine if the water column stratifies and/or if there was significant depletion of DO at depth. The 

sampling method was consistent with the sampling protocol described by Clark (2003) for sampling DO 

at deep sites that are not accessible with standard hand-held water quality meters. Specifically, a 

Kemmerer water sampler was lowered to a depth just above the sediment-water interface (i.e., 28 m), 

filled, retrieved, and the water was emptied into a sampling vessel by placing the hose near the bottom of 

the vessel and slowly releasing the water while minimizing aeration. This was repeated such that the 

vessel was overfilled three times and DO was measured from the vessel using the Horiba® U-10 Water 

Quality Checker. 

Secchi disk depths were determined by averaging two readings: the depth at which a black and white disk 

was no longer visible when lowered into the water column; and the depth at which the disc returns to 

view upon being raised from the water column. Secchi disk depths could not be obtained at all sites due 

to high velocities. 
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2C.2.4 PARAMETERS 

All laboratory analyses were conducted by ALS Laboratory Group in Winnipeg, MB, using standard 

methods. A list of the parameters measured in the baseline sampling program is provided in Table 2C-2 

(not all parameters were analysed at each site). 

Water samples were collected for the analysis of dissolved ammonia-N, dissolved nitrate/nitrite-N, total 

Kjeldahl nitrogen, total phosphorus, dissolved phosphorus, total organic carbon, and dissolved organic 

carbon, TSS, pH, turbidity, and chlorophyll a at all sampling locations for each sampling period. In situ 

measurements of DO, turbidity, temperature, specific conductance/conductivity, pH, and depth were 

also collected at the time of sampling. Secchi disk depth was also measured at some sites. 

Water samples were also collected at select locations for the analysis of major ions and total and dissolved 

metals/metalloids, fecal coliform bacteria, the protozoan parasites Cryptosporidium sp. and Giardia sp., and 

additional water chemistry variables, including conductivity, true colour, hardness, alkalinity, total 

dissolved solids, and inorganic carbon. Dissolved silica was measured at sites on the lower Nelson River 

and its major tributaries. 

2C.2.5 QUALITY ASSURANCE/QUALITY CONTROL 

Quality assurance/quality control measures incorporated in the water quality sampling program included 

field blanks, trip blanks, and sample replicates (i.e., triplicate samples).  

Blanks 

Field blanks are intended to provide information on sample contamination from atmospheric exposure 

and sample handling techniques (i.e., cleanliness of sampling equipment, carry-over contamination from 

site to site) as well as potential laboratory contamination and/or error (British Columbia Ministry of 

Environment, Land, and Parks [BCMELP] 1998). Field blanks were prepared by filling sample bottles 

with deionized water (both provided by the analytical laboratory) in the field and transporting the blanks 

along with environmental samples.  

Trip blanks are used for evaluating the potential for sample contamination that may occur from the 

container or preservatives through transport and storage of the sample, as well as laboratory precision 

(BCMELP 1998). Trip blanks were prepared in the laboratory by filling sample bottles with deionized 

water.  

Field and trip blanks were treated in a manner consistent with field samples and submitted concurrently 

with field samples to the analytical laboratory. 

Field and trip blank results were also evaluated for evidence of sample contamination. Values for any 

parameter that exceeded five times the analytical detection limit were considered to be indicative of 

sample contamination and/or laboratory error. 

Sample Replicates 
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Triplicate samples were collected to provide a measure of variability of environmental conditions and the 

overall precision associated with field methods and laboratory analyses.  

QA/QC samples were assessed according to standard criteria to evaluate precision and identify potential 

sample contamination issues (i.e., BCMELP 1998). Percent relative standard deviation (PRSD) was 

calculated for triplicate samples as follows: 

PRSD = standard deviation (SD) of the triplicate values/Mean of the triplicate values x 100. 

Precision of replicate samples was evaluated using the “rule of thumb” criteria for precision of 18% for 

triplicate samples (BCMELP 1998). Where one or more of the replicate values were less than five times 

the DL, an analysis of precision was not undertaken, in accordance with guidance provided in BCMELP 

(1998). 

Quality Assurance/Quality Control of Laboratory Results and Water Quality Data 

Additionally, all water quality data were evaluated qualitatively for potential outliers and/or transcription 

or analytical errors. Where values were encountered that departed considerably from results obtained at 

the same site during other sampling periods and/or where one replicate sample differed notably from the 

others, the measurement was flagged as suspect. In these instances, values were verified against analytical 

laboratory reports for transcription errors and/or requests were made to the analytical laboratory to 

verify the values through sample reanalysis and/or verification of reporting accuracy.  

2C.2.6 DATA ANALYSIS 

2C.2.6.1 Summary Statistics 

To assist in data interpretation, summary statistics were calculated for water quality variables. For the 

purposes of generating summary statistics (e.g., calculating mean values), measurements reported below 

DL were assigned a value of one half the DL.  

Data were presented graphically as box-and-whisker plots (or “box plots”) for selected variables. Box 

plots present information on means, medians, quartiles, outliers, and “whiskers”, which represent limits 

beyond which values are considered anomalous. An example of a box-and-whisker plot is provided 

below. 
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2C.3 SEDIMENT QUALITY 

2C.3.1 SAMPLING SITES 

Surficial sediments were collected at three sites in the study area, near water quality sampling sites: 

 One site in Split Lake (SPL7); 

 One site in Gull Lake (GL2); and 

 One site in Stephens Lake (STL1). 

2C.3.2 SAMPLING PERIODS 

Sediment quality samples were collected from each site in July 2001 and August 2002. 

2C.3.3 SAMPLING METHODS 

Sediment samples for analysis of metals, organic matter, and particle size were collected in triplicate 

(spaced 50–200 m apart) at each site. Intact sediment samples containing sediment depths greater than 

10 cm were retrieved using an Ekman dredge. A cellulose acetate core tube (inside diameter 4.8 cm) was 

used to extract the upper 5.0 cm from samples, with care being taken not to sample any of the sediment 
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that had touched the walls or bottom of the dredge. Five cores were extracted from one or two dredges 

to nearly fill a 500 mL glass jar (provided by ALS Laboratory Group, Winnipeg, MB). Two to three cores 

collected from the same dredges were placed in polyethylene sample bags for analysis of organic content 

and particle size. 

Immediately upon collection, samples were placed on ice in coolers and in the dark. The samples for 

chemical analysis were shipped overnight to ALS Laboratory Group, Winnipeg, MB, and the samples for 

organic content and particle size analysis were frozen until analyzed.  

2C.3.4 PARAMETERS 

Sediments were analysed for organic matter, particle size (sand, silt, and clay), and total metals/metalloids 

at ALS Laboratory Group. 

2C.3.5 QUALITY ASSURANCE/QUALITY CONTROL 

Samples were collected in triplicate to provide a measure of variability at each sampling site. Sampling 

equipment was pre-cleaned and rinsed with site water prior to sampling. 

2C.3.6 DATA ANALYSIS 

To assist in data interpretation, summary statistics were calculated for sediment quality variables. For the 

purposes of calculating mean values, measurements reported below analytical DLs were assigned a value 

of one half the DL. 

2C.4 REFERENCES 

2C.4.1 LITERATURE CITED 

BCMELP (British Columbia Ministry of Environment, Lands, and Parks). 1998. Guidelines 

for interpreting water quality data. Version 1, May 1998. Prepared for the Land Use 

Task Force Resources Inventory Committee. 
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Table 2C-1: Summary of core water quality sites sampled by year in the study area  

Waterbody Site Location Site ID 
Year1 

2001 2002 2003 2004 2006 

Major Rivers and Lakes       

Burntwood River Mouth SPL-1 OW/ICE OW/ICE OW OW/ICE - 

Nelson River Upstream of Kelsey GS SPL-9 - - - OW - 

 Downstream of Kelsey GS SPL-2 OW OW OW OW - 

Aiken River Near Mouth AK-1 - OW OW - - 

Split Lake Western end of Split Lake SPL-3 OW/ICE OW/ICE OW - - 

 Split Lake north of York Landing SPL-4 OW/ICE OW/ICE OW - - 

 Near community of York Landing SPL-5 OW/ICE OW/ICE OW ICE - 

 Eastern area of Split Lake SPL-6 OW/ICE OW/ICE OW - - 

 Upstream of Split Lake SPL-7 OW/ICE OW/ICE OW OW/ICE - 

 Outflow of Split Lake SPL-8 OW/ICE OW/ICE OW OW - 

 Near community of York Landing YL-1 - OW OW OW - 

Assean Lake Southwestern basin AL-1 OW/ICE OW/ICE OW - - 

 Northeastern basin AL-2 OW/ICE OW/ICE OW - - 

Clark Lake Outflow of Clark Lake CL-1 OW OW OW OW - 

Nelson River Downstream of Birthday Rapids NR-1 OW/ICE OW OW/ICE OW - 

Gull Lake Gull Lake GL-1 OW OW OW/ICE - - 

 Gull Lake GL-2 OW OW/ICE OW/ICE ICE - 

Nelson River Nelson River downstream of Gull Lake NR-2 OW OW OW/ICE OW/ICE - 

 North shore of Nelson River CAMP-1 - - OW - - 

 South shore of Nelson River CAMP-2 - - OW - - 

Stephens Lake Stephens Lake mainstem STL-1 OW/ICE OW/ICE OW/ICE OW/ICE - 

 Stephens Lake mainstem STL-2 OW OW/ICE OW/ICE OW - 

 North arm of Stephens Lake STL-3 - - - OW - 

 Near the Town of Gillam GT-1 - OW OW/ICE OW - 

Nelson River Reservoir of Long Spruce GS NR-3 - OW OW/ICE OW/ICE ICE 

 Reservoir of Limestone GS NR-4 - OW OW/ICE OW/ICE ICE 

Limestone River Near the Mouth LR-1 - OW OW/ICE OW ICE 

Nelson River Upstream of the proposed Conawapa GS NR-5 - OW OW OW - 

 Downstream of the proposed Conawapa GS NR-6 - OW OW OW - 

Angling River Near the Mouth AR-1 - OW OW/ICE OW ICE 
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Table 2C-1: Summary of core water quality sites sampled by year in the study area  

Waterbody Site Location Site ID 
Year1 

2001 2002 2003 2004 2006 

Weir River Near the Mouth WR-1 - OW OW OW - 

Nelson River Downstream of the Weir River NR-7 - OW OW OW - 

 Gillam Island NR-8 - OW OW OW ICE 

Small Tributaries: Keeyask Area       

Two Goose Creek Near the Mouth TRIB-1 - - OW OW - 

Portage Creek Near the Mouth TRIB-2 - - OW OW - 

Rabbit Creek Near the Mouth TRIB-3 - - OW OW - 

Small Tributaries: Downstream Area       

Beaver Creek Near the Mouth BC-1 - - - OW ICE 

Swift Creek Near the Mouth SCK-1 - - - OW ICE 

Tiny Creek Near the Mouth TC-1 - - - OW ICE 

Goose Creek Near the Mouth GC-1 - - - OW ICE 

#15 Creek Near the Mouth 15C-1 - - - OW ICE 

1. OW = open water season; ICE = ice-cover season. 
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Table 2C-2: List of water quality parameters measured during the Keeyask 

environmental studies in the study area. Not all parameters were 

measured at all sites or times 

Parameter Unit  Parameter Unit 

In Situ Variables   Total and Dissolved Metals  

Temperature oC  Aluminum mg/L 

pH -  Antimony mg/L 

Specific Conductance μS/cm  Arsenic mg/L 

Turbidity NTU  Barium mg/L 

Dissolved Oxygen mg/L  Beryllium mg/L 

Secchi disk depth mg/L  Boron mg/L 

   Cadmium mg/L 

Routine Laboratory Variables   Calcium mg/L 

Bicarbonate Alkalinity mg/L  Chromium mg/L 

CaCO3 Alkalinity mg/L  Cobalt mg/L 

Carbonate Alkalinity mg/L  Copper mg/L 

Hydroxide Alkalinity mg/L  Iron mg/L 

Dissolved Ammonia mg N/L  Lead mg/L 

Dissolved Nitrate/ite mg N/L  Magnesium mg/L 

Total Kjeldahl nitrogen mg/L  Manganese mg/L 

Total dissolved phosphorus mg/L  Mercury mg/L 

Total phosphorus mg/L  Molybdenum mg/L 

Total organic carbon mg/L  Nickel mg/L 

Dissolved organic carbon mg/L  Potassium mg/L 

Total inorganic carbon mg/L  Selenium mg/L 

Dissolved inorganic carbon mg/L  Silver mg/L 

Total dissolved solids mg/L  Sodium mg/L 

Conductivity μmhos/cm  Thallium mg/L 

Total suspended solids mg/L  Tin mg/L 

Turbidity NTU  Uranium mg/L 

True Colour TCU  Vanadium mg/L 

Hardness as CaCO3 mg/L  Zinc mg/L 

     

Biological Variables   Major Anions  

Chlorophyll a μg/L  Chloride mg/L 

Pheophytin a μg/L  Sulphate mg/L 

Fecal coliform bacteria CFU/100 mL  Fluoride mg/L 

Cryptosporidium Oocysts/10 L    

Giardia Cysts/10 L    
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QUALITY DATA FOR SPLIT LAKE 
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2D.1 INTRODUCTION 

An analysis was undertaken to evaluate potential recent temporal changes in water quality parameters in 

the study area. There is only one data set in which water quality conditions in the area have been 

documented in a relatively consistent manner over a period sufficiently long enough to facilitate analysis 

of changes over time. This data source, the MWS water quality monitoring site on Split Lake near the 

community of Split Lake, is the sole long-term water quality monitoring site in the study area. Other 

sources of water quality data collection have been conducted over a shorter period of time. 

2D.2 METHODS 

2D.2.1 DATA SOURCES AND DESCRIPTION 

A statistical analysis of historical data from Split Lake was conducted to determine if the water quality has 

changed in the last twenty years. MWS data collected from Split Lake near the community of Split Lake 

(station MB05FS011; Map 2D-1) from 1987 to 2006 were provided by MWS (2006). The data were 

reviewed and a subset of the data was selected for statistical analysis. This subset included: 

 Nutrients (TP, TKN, TIC, and TOC); 

 Routine parameters (pH, total alkalinity, turbidity, TSS, true colour, specific conductivity, hardness); 

and 

 Select ions and metals (see Table 2D-1 for a list). 

Parameters were identified for this analysis based on: 

 The period of record (i.e., number of samples);  

 Their significance from an ecological perspective;  

 Parameters that have been identified to have been affected by the CRD/LWR; and  

 Consideration of key parameters most likely to have undergone changes in recent years.  

From 1987 to 2001, MWS measured water quality at this site up to six times per year. From 2001 through 

2006, only three sampling events, all in the open water period typically in June, July, and August, were 

conducted at this location. As water quality parameters may vary seasonally, the dataset was standardized 

to the extent possible to incorporate the same number of sampling events and the same sampling times 

(i.e., months) for each year. Thus, water quality data collected over the open water period, generally one 

sampling event in June, July, and August, were extracted from the dataset for further analysis. However, it 

should be noted that the frequency and timing of water quality sampling was not consistent across years. 

Exceptions to note are:   

 From 1999–2001 the lake was only sampled twice during the open water period (June and August), 

which may have resulted in the conditions during this period being under-represented in the analysis;  
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 Sampling was conducted in July, August, and September in 2004;  

 Sampling was conducted in June, July, and September in 2006; and  

 Occasionally data for an individual parameter were not available for a particular sample.  

Where replicate samples were collected, results for these dates were averaged and the mean was included 

in the dataset used in the analysis. All values that were reported below the DL were assigned a value 

equivalent to one half the DL for statistical evaluation. All statistical analyses described herein were 

performed with XLSTAT 2006 Version 2006.2 by Addinsoft. 

2D.2.2 EVALUATION OF NELSON AND BURNTWOOD 

RIVER DISCHARGES 

The Nelson and the Burntwood Rivers combine at Split Lake and water quality of the lake is therefore 

largely a reflection of the water quality of the two rivers. In order to determine to what extent each of the 

rivers was contributing to the historical water quality of Split Lake, discharge data from both the Nelson 

River and the Burntwood River from 1987–2006 were obtained. Flow data for the Nelson River were 

obtained from Manitoba Hydro for the Kelsey GS. The nearest available discharge data for the 

Burntwood River at Split Lake, are available from the Water Survey of Canada hydrometric station on the 

Burntwood River at Thompson (Station 05TG001 Q). However, because the Odei River enters the 

Burntwood River downstream of this station, but upstream of Split Lake, it was necessary to combine the 

discharge data for both the Thompson station and the hydrometric station on the Odei River near 

Thompson (Station 05RG003 Q) in order to get an accurate representation of the discharge of the 

Burntwood River at Split Lake. Daily mean discharge rates for both rivers from June to September were 

used here. 

2D.2.3 COMPARISON OF TWO BLOCKS OF TIME 

The objective of this analysis was to statistically compare water quality parameters collected in two blocks 

of time: 1987–1996 versus 1997–2006. These time frames were selected for several reasons. Firstly, the 

1997–2006 time frame represents the period selected for describing the existing environment in the study 

area. A period of 10 years was identified to provide a reasonably long time frame in which varying 

environmental conditions might be captured as well as sufficient number of data points for analysis. 

Lastly, as the objective of this exercise was to determine if there have been relatively recent changes in 

water quality, the intent was to restrict the analysis to a relatively recent period and avoid earlier periods 

when the environment may have been in flux due to CRD/LWR. 

Review of the data indicated that not all parameters, notably metals, could be analysed in this manner due 

to changes in analytical methods and the form of some water quality parameters measured over those two 

decades. As a result, two different approaches were applied for routine parameters (e.g., turbidity and 

nutrients), for which data were more consistently analysed over the twenty year period, and metals, for 
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which data varied considerably over this period. The methods applied for analysing these two groups of 

variables are described below. 

2D.2.4 ANALYSIS OF ROUTINE PARAMETERS  

Data for routine parameters and nutrients were divided into two ten year time periods (1987–1996 and 

1997–2006) and compared using an analysis of variance (ANOVA). Prior to analysis, each parameter was 

verified to ensure that the data met the assumptions of the model; if necessary, data were transformed (by 

methods appropriate to the parameter) in order to meet the assumption of normality. Parameters that 

could not meet or approximate the assumptions of an ANOVA were analysed using a Mann-Whitney U-

test (a non-parametric method appropriate for determining if a difference exists between two groups of 

non-normally distributed data).  

Prior to 2001, laboratory analysis of water quality samples was conducted at Enviro-Test Laboratories 

(ETL; Winnipeg, MB). Beginning in 2001, laboratory analysis was conducted by CANTEST Ltd. 

(Winnipeg, MB). As the use of different analytical laboratories may affect water quality data (i.e., inter-

laboratory variability), a second analysis was performed on any parameters for which a significant 

difference was observed to exist between the two time periods. In these instances, data from 1997–2006 

were divided into two new groups: 1997–2000 (representing samples processed at ETL); and 2001–2006 

(representing samples processed at CANTEST Ltd.). These data were then analysed with an ANOVA or 

a Mann-Whitney U-test. Additionally, a qualitative comparison was made between data collected under 

the Keeyask environmental studies (sites SPL7 and SPL8 in Split Lake; Map 2D-1) and MWS data for 

data collected at similar times (i.e., open water seasons 2001–2004). This comparison was useful as 

samples collected under the Keeyask environmental studies were analysed at the same analytical 

laboratory used by MWS prior to 2001. 

2D.2.5 LINEAR REGRESSION ANALYSIS 

Routine parameters for which significant differences were observed between 1987–1996 and 1997–2006, 

and for which no evidence of an effect related to changing analytical laboratories could be found (See 

Section 2D.2.4), were also subject to a regression analysis. Linear regression analysis between water 

quality data and flows of the Nelson River, Burntwood River, and the combination of the two rivers (for 

those corresponding sample dates) was conducted to evaluate the potential influence of overall discharge 

on water quality, and to examine the potential relative influence of the Nelson or Burntwood rivers on 

water quality. 

2D.2.6 ANALYSIS OF IONS AND METALS 

As a result of changes in analytical methods and improvements with detection limits, a comparable 

dataset for ions and metals was only available for the six most recent years of data and long-term 

comparison of the data was not possible. To facilitate some temporal comparison, data collected from 

2001–2006 were divided into two, three-year time periods (2001–2003 and 2004–2006) and compared 
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using an ANOVA. Each parameter was first evaluated to ensure that the data met the assumptions of the 

model; if necessary, data were log transformed in order to meet the assumption of normality. Parameters 

that could not meet or approximate the assumptions of an ANOVA were analysed using a Mann-

Whitney U-test. Only metals for which all or the majority of measurements exceeded the analytical 

detection limit were analysed for temporal differences. 

2D.2.7 COMPARISON TO MANITOBA WATER QUALITY 

OBJECTIVES AND GUIDELINES 

For context, each parameter analysed was compared to the current Manitoba water quality objectives and 

guidelines (MWQSOGs; MWS 2011) for the protection of aquatic life (PAL) and for drinking water. 

2D.3 RESULTS AND DISCUSSION 

2D.3.1 ROUTINE PARAMETERS AND NUTRIENTS 

2D.3.1.1 Comparison of 1987–1996 to 1997–2006 

Statistically significant differences in phosphorous (TP; Figure 2D-1), pH (Figure 2D-2), total alkalinity 

(Figure 2D-3), turbidity (Figure 2D-4), TSS (Figure 2D-5), true colour (Figure 2D-6), specific 

conductance (Figure 2D-7) and hardness (Figure 2D-8) were found between the periods of 1987–1996 

and 1997–2006 in Split Lake (Table 2D-2). Of all routine parameters analysed, only nitrogen (TKN) and 

carbon (TIC and TOC) did not differ significantly between the two time periods (Table 2D-2). The mean 

TP, alkalinity, specific conductance, and hardness increased by 58%, 10%, 18%, and 10%, respectively. 

Only pH was found to be lower in the latter period. 

2D.3.1.2 Analysis of Analytical Laboratory Effects 

The analysis undertaken to evaluate potential effects related to changes in analytical laboratories  

(i.e., comparison of 1997–2000 and 2001–2006 time periods) indicated no significant differences for TP 

and pH (Table 2D-2). Consideration must therefore be given to the possibility that the observed 

statistical differences in TP and pH between the 1987–1996 and 1997–2006 time periods, may at least in 

part, reflect effects of the change in the analytical laboratory. 

The role of varying analytical laboratories on observed changes in pH and TP in recent years is further 

supported by comparison of the MWS data collected in Split Lake, with data collected at similar locations 

during the conduct of the Keeyask environmental studies (2001–2004). As illustrated in Figure 2D-1, TP 

concentrations measured from 2001–2004 under the present study are very similar to concentrations 

collected at the MWS monitoring site prior to 2001 and both of these data sets were derived from the 

same analytical laboratory. Conversely, many of the TP concentrations measured by MWS from  

2001–2004 are notably higher than those obtained in the present study and values obtained prior to 2001. 
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There is even considerable discrepancy for samples collected on the same dates. For example, on 27 

August 2003, TP measured 0.048 mg/L in the sample collected at SPL7 in the Keeyask program and 

0.077 mg/L at the MWS site on the same date.  

Similarly, comparison of pH measurements (Figure 2D-2) indicates that data collected under the Keeyask 

Environmental Studies Program from 2001–2004 are very similar to data collected in Split Lake by MWS 

prior to 2001. These data also demonstrate a greater consistency over time (i.e., the data are less variable). 

The data collected by MWS from 2001 onward indicate a lower pH than samples collected prior to 2001 

and those collected under the Keeyask environmental studies. It is noteworthy that the analytical 

laboratory used for the Keeyask program (ALS Laboratory Group – formerly ETL) is the same as that 

used by MWS prior to 2001. Collectively, these analyses indicate that TP and pH have likely not changed 

notably from 1987–2006 in Split Lake.  

Conversely, other parameters (total alkalinity, specific conductivity, hardness, TSS, turbidity and colour) 

do appear to have increased in the recent decade (i.e., from 1987–1996 to 1997–2006) as there is no 

statistical indication that the change in analytical laboratories affected the water quality data. On average, 

total alkalinity, specific conductivity, hardness, TSS, turbidity and colour were all lower during the period 

of 1987–1996 than they were from 1997–2006.  

2D.3.1.3 Effect of River Discharge on Split Lake Water Quality 

As previously described (Section 2.4.2.3), the water quality of Split Lake is influenced by the relative 

inflows of its tributaries; the two largest being the Nelson River and the Burntwood River. As also 

described in Section 2.4.2.3, water quality conditions of the Nelson and Burntwood rivers vary for some 

parameters. Specifically, the Burntwood River is generally more turbid and coloured and the Nelson 

River generally has a higher specific conductance, hardness, and alkalinity. 

Flow of the Nelson River relative to the Burntwood River was examined to determine whether the 

relative influence of the two rivers on Split Lake water quality may have changed over the two decades 

examined. The average daily flow (from June-September) of the Nelson River was higher over the period 

of 1997–2006 than the period of 1987–1996 (Table 2D-3; Figure 2D-9). Although the same can be said 

for the Burntwood River, as the latter decade represents a higher flow period in general, the magnitude of 

the increase in flow was much greater in the Nelson River than it was in the Burntwood River. As a 

result, the relative average contribution of the Nelson River was almost 10% greater from 1997–2006 

(74.4%) than it was during the previous decade (1987–1996, 65.8%). It was hypothesized that the 

observed increase in alkalinity, specific conductivity and hardness in Split Lake from 1997–2006 relative 

to 1987–1996, could be a result of the greater influence of the Nelson River on the lake.  

To examine this hypothesis further, a linear regression analysis was conducted between alkalinity, specific 

conductance, and hardness, and the discharge of the Nelson River, the Burntwood River, and the two 

rivers combined. The analyses indicated weak, but significant, correlations for alkalinity (Figure 2D-10) 

and specific conductance (Figure 2D-11) in relation to the Nelson River discharge. Linear regression 

could not be applied to hardness or true colour (raw or log-transformed) as the data did not meet the 
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assumption of normality. For illustrative purposes, hardness and true colour versus river discharge are 

presented in Figure 2D-12 and Figure 2D-13, respectively. 

Conversely, the observed difference in TSS and turbidity from 1987–1996 to 1997–2006 in Split Lake 

cannot be explained by changes in the relative inflows of the Nelson and Burntwood rivers. The 

Burntwood River is generally more turbid than the Nelson River (see Section 2.4.2.3); therefore, the 

greater influence of the Nelson River during the most recent decade would be expected to dilute the 

water of Split Lake, resulting in lower turbidity and TSS. These parameters were however greater in Split 

Lake in the period of 1997–2006 than in the period of 1987–1996 (Table 2D-2). No relationship between 

turbidity and river discharge (Burntwood, Nelson, or Burntwood and Nelson discharges combined) was 

found by linear regression (Figure 2D-14). TSS data did not conform to the assumption of normality; 

therefore statistical analysis could not be reliably conducted. For illustrative purposes, plots are presented 

in Figure 2D-15. Data collected at similar times and locations (SPL7 and SPL8) in Split Lake under the 

Keeyask environmental studies from 2001–2004, were similar to data collected by MWS over that time 

frame. This provides further corroboration that the statistical analyses indicate actual increases and not 

artefacts of a change in analytical laboratories (Figure 2D-4 and Figure 2D-5).  

Collectively, these results indicate that TSS and turbidity have been higher in Split Lake in recent years 

and there is no indication that this increase is related to river discharge. However, as described in the 

Physical Environment Supporting Volume, Section 7 (Appendix 7B), while TSS was weakly correlated to 

river discharge over the period of 2005–2007, the relationship is complicated by hysteresis.  

The observed increases may reflect local processes of sediment transport and deposition and/or 

shoreline erosion within Split Lake. Conversely, alkalinity and specific conductance (and potentially 

hardness) although higher in recent years in Split Lake, may reflect a larger influence of the Nelson River 

over this timeframe. The analysis for true colour and hardness is inconclusive as linear regression could 

not be reliably applied to the data. 

2D.3.2 IONS AND METALS 

The mean concentrations of all ions and most metals measured in Split Lake in 2001–2003 were similar 

to those measured in 2004–2006 (Table 2D-1). No statistically significant differences between these time 

periods were found for chloride, sulphate, calcium, magnesium, sodium, potassium and most metals. 

However, significant differences in concentrations were found for antimony and silicon. The mean 

concentration of antimony was 67 % higher in 2004–2006 than it was in 2001–2003. Despite this 

increase, antimony remained present only in trace amounts in 2004–2006, and never exceeded the 

drinking water quality objective in either time period. Conversely, the mean silicon concentration 

decreased 65% from 2001–2003 to 2004–2006; there are no MWQSOGs for silicon. 
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2D.3.3 COMPARISONS TO MANITOBA WATER 

QUALITY STANDARDS, OBJECTIVES AND 

GUIDELINES 

Most parameters fell within the MWQSOGs (MWS 2011) across the years examined (Table 2D-1 and 

Table 2D-2). There were, however, some exceptions:  

 TP concentrations in Split Lake were typically above the Manitoba narrative water quality guideline 

(0.025 mg/L) from 1987–2006 (Figure 2D-1);  

 Turbidity levels were always above the maximum acceptable concentration for drinking water from 

1987–2006 (Figure 2D-4);  

 True colour in Split Lake was generally above the aesthetic objective for drinking water (85% 

exceedance) from 1997–2006, whereas true colour only occasionally exceeded this guideline in the 

previous decade (23% exceedance; Figure 2D-6); and  

 Iron concentrations were above both the aesthetic objective for drinking water and the PAL 

guideline from 1998–2006 (Figure 2D-16). Iron was measured in extractable form prior to 1998; and 

 Aluminum concentrations were above the guideline for the protection of aquatic life from 1998–

2006 (Figure 2D-17). Aluminum was measured in extractable form prior to 1998.  

2D.4 SUMMARY AND CONCLUSIONS 

Analysis of potential temporal changes in water quality in Split Lake indicated the following: 

 Comparison of selected routine water quality parameters between the last two decades (1987–1996 

and 1997–2006) revealed that several parameters were significantly higher in the latter decade (TP, 

TSS, turbidity, specific conductance, alkalinity, hardness, and true colour), while pH was significantly 

lower; 

 Discharges of the two main tributaries to Split Lake were higher in the period of 1997–2006 than the 

previous decade and discharge of the Nelson River increased more than the Burntwood River over 

the last decade; 

 The observed statistically significant increase in TP and decrease in pH in 1997–2006 may be an 

artefact of the use of a new analytical laboratory and not an actual change; 

 The observed increase in specific conductance and alkalinity over the last decade may reflect higher 

river discharges, most notably, the greater proportional contribution of the Nelson River – which is 

characterized by a higher specific conductance and alkalinity than the Burntwood River. Linear 

regression analysis indicates a significant influence of the Nelson River discharge on the 

concentrations of these two parameters in Split Lake; 
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 Conversely, regression analysis did not demonstrate a significant correlation between turbidity and 

TSS and the flows of the Burntwood River, Nelson River, or the Burntwood and Nelson rivers 

combined. Additionally, there is good agreement between measurements of these parameters 

collected under the Keeyask baselines studies in Split Lake near the community (2001–2004) at 

similar times as the MWS water quality monitoring was conducted, suggesting that inter-laboratory 

variability was not an issue. However, as described in the Physical Environment Supporting Volume, 

Section 7 (Appendix 7B), while TSS was weakly correlated to river discharge over the period of 

2005–2007, the relationship is complicated by hysteresis; 

 The observed increases in true colour and hardness in the most recent decade may be related to 

changes in river flows. However, the analysis is not conclusive as linear regression analysis could not 

be reliably conducted on the data; 

 Data for metals in Split Lake are inadequate to facilitate a comparison of concentrations over a 

20-year time frame due to changes in analytical methods; as a result, a shorter time frame was 

analysed (2001–2003 versus 2004–2006). No statistically significant differences between these time 

periods were found for chloride, sulphate, calcium, magnesium, sodium, potassium and most metals 

including iron and aluminum. However, significant differences in concentrations were found for 

antimony and silicon. Antimony increased from 2001–2003 to 2004–2006; however, it was only 

present in trace amounts during both time periods. Silicon on the other hand was lower during the 

second time period; and 

 From 1987–2006, most parameters fell within the MWQSOGs (MWS 2011); however, there were a 

few exceptions. Iron and aluminum were consistently, and TP was often in exceedance of the 

relevant guidelines for the protection of aquatic life from 1987–2006. Additionally, iron consistently 

exceeded the aesthetic objective for drinking water during this same time period. Lastly, true colour 

was typically above the aesthetic objective for drinking water from 1997–2006, whereas it only 

occasionally exceeded this objective in the previous decade. 
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Table 2D-1: Results of temporal statistical analysis on concentrations of ions and 

metals in Split Lake from 2001–2006. Manitoba Water Stewardship data 

collected in Split Lake near the community of Split Lake (station 

MB05FS011) were used. The data were analysed for differences between 

2001–2003 (sample size = 8) and 2004–2006 (sample size = 9) with an 

analysis of variance (ANOVA) or by a Mann-Whitney U-test if the data did 

not meet or approximate the assumptions of ANOVA 

Parameter 

 Mean (mg/L)  p-value  Were the 

periods 

significantly 

different? 

 MWQSOGs (mg/L)1 

 
2001–

2003 

2004–

2006 
 ANOVA 

Mann-

Whitney 
  

Aquatic 

Life 

Drinking 

Water 

Anions            

Chloride (dissolved)  12.9 12.4  0.988 -  N  - ≤2502 

Sulphate (dissolved)  20.5 25.4  - 0.408  N  - ≤5002 

Cations            

Calcium (total)  28.0 25.6  - 0.558  N  - - 

Magnesium (total)  9.68 9.57  0.835 -  N  - - 

Sodium (total)  13 12  - 0.525  N  - ≤2002 

Potassium (total)  2.32 2.28  0.891 -  N  - - 

Metals            

Aluminum (total)  0.85 0.66  0.735 -  N  0.100 - 

Antimony (total)  0.0003 0.0005  - 0.010  Y  - 0.006 

Arsenic (total)  0.0010 0.0010  0.532 -  N  
(0.150 

Dissolved3) 
 0.010 

Barium (total)  0.031 0.034  0.303 -  N  - 1.0 

Boron (total)  0.028 0.029  - 0.452  N  1.54 5.0 

Chromium (total)  0.0013 0.0014  0.919 -  N  
0.070-

0.1195 
0.05 

Cobalt (total)  0.0004 0.0004  - 0.410  N  - - 

Copper (total)  0.0021 0.0021  0.797 -  N  
0.007-

0.0135 
≤1.02 

Iron (total)  0.79 0.75  0.730 -  N  0.3 ≤0.32 

Lead (total)  0.0005 0.0006  0.580 -  N  
0.002-

0.0055 
0.01 

Lithium (total)  0.009 0.008  0.353 -  N  - - 

Manganese (total)  0.019 0.020  0.716 -  N  - ≤0.052 

Molybdenum (total)  0.0005 0.0006  - 0.274  N  0.073 - 
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Table 2D-1: Results of temporal statistical analysis on concentrations of ions and 

metals in Split Lake from 2001–2006. Manitoba Water Stewardship data 

collected in Split Lake near the community of Split Lake (station 

MB05FS011) were used. The data were analysed for differences between 

2001–2003 (sample size = 8) and 2004–2006 (sample size = 9) with an 

analysis of variance (ANOVA) or by a Mann-Whitney U-test if the data did 

not meet or approximate the assumptions of ANOVA 

Parameter 

 Mean (mg/L)  p-value  Were the 

periods 

significantly 

different? 

 MWQSOGs (mg/L)1 

 
2001–

2003 

2004–

2006 
 ANOVA 

Mann-

Whitney 
  

Aquatic 

Life 

Drinking 

Water 

Nickel (total)  0.002 0.002  - 0.840  N  0.04-0.075 - 

Rubidium (total)  0.003 0.003  0.835 -  N  - - 

Silicon (total)  5.1 1.8  - 0.006  Y  - - 

Strontium (total)  0.082 0.089  - 0.946  N  - - 

Titanium (total)  0.034 0.020  0.675 -  N  - - 

Uranium (total)  0.0005 0.0005  - 0.520  N  0.0154 0.02 

Vanadium (total)  0.0018 0.0018  0.929 -  N  - - 

Zinc (total)  0.003 0.003  0.905 -  N  0.10-0.175 ≤5.0 

1. Water quality objectives and guidelines for Manitoba (MWS 2011). Water quality means in red indicate values in exceedance 
of the current Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOGs). 

2. Aesthetic objective. 
3. The maximum average concentration for a 4-day exposure period. 
4. Guideline for long-term exposure. 
5. Calculated for the four-day exposure duration using the range of water hardness values for Split Lake. 
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Table 2D-2: Results of temporal statistical analysis on the water quality of Split Lake from 1987–2006. Manitoba Water 

Stewardship data collected in Split Lake near the community of Split Lake (station MB05FS011) were used. The 

data were analysed for differences in nutrients and routine parameters with an analysis of variance (ANOVA) or 

by a Mann-Whitney U-test if the data did not meet or approximate the assumptions of ANOVA 

Parameter Units 

 1987–1996 vs 1997–2006  Were the 

periods 

significantly 

different? 

 1997–2000 vs. 2001–2006  Were the 

periods 

significantly 

different? 

 MWQSOGs1 

 Mean (n)  p-value   Mean (n)  p-value   Aquatic Life Drinking 

Water 

Recreation 

 1987–

1996 

1997–

2006 

 ANOVA Mann-

Whitney 

  1997–

2000 

2001–

2006 

 ANOVA Mann-

Whitney 

  

Nutrients                      

Total 

phosphorus 

(TP) 

mg/L  0.0312 

(30) 

0.049 

(27) 

 - 0.002  Y  0.0282 

(10) 

0.062 

(17) 

 - <0.0001  Y  0.0253 - - 

Total Kjeldahl 

nitrogen (TKN) 

mg/L  0.39 

(30) 

0.4 

(27) 

 - 0.185  N  - -  - -  -  - - - 

Total inorganic 

carbon (TIC) 

mg/L  20 

(26) 

21.3 

(27) 

 0.159 -  N  - -  - -  -  - - - 

Total organic 

carbon (TOC) 

mg/L  8.1 

(29) 

8.2 

(27) 

 - 0.527  N  - -  - -  -  - - - 

Routine                      

pH pH 

units 

 8.154 

(30) 

7.91 

(27) 

 0.0002 -  Y  8.164 

(10) 

7.77 

(17) 

 <0.0001 -  Y  6.5-9.0 6.5-8.55 5.0-9.0 

Total Alkalinity 

(CaCO3) 

mg/L  84.2 

(30) 

92.8 

(27) 

 - 0.001  Y  91 

(10) 

93.9 

(17) 

 - 0.340  N  - - - 

Turbidity NTU  14 

(30) 

21 

(27) 

 <0.0001 -  Y  18 

(10) 

20 

(17) 

 0.319 -  N  - 0.3/1.0/0.1 - 

Total 

suspended 

solids (TSS) 

mg/L  9.4 

(30) 

13.9 

(26) 

 - 0.002  Y  11.9 

(10) 

15.2 

(16) 

 - 0.136  N  5 mg/L above 

background 

where TSS 

≤25 mg/L; or 

25 mg/L 

above 

background 

where TSS 

≤250 mg/L 

- - 
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Table 2D-2: Results of temporal statistical analysis on the water quality of Split Lake from 1987–2006. Manitoba Water 

Stewardship data collected in Split Lake near the community of Split Lake (station MB05FS011) were used. The 

data were analysed for differences in nutrients and routine parameters with an analysis of variance (ANOVA) or 

by a Mann-Whitney U-test if the data did not meet or approximate the assumptions of ANOVA 

Parameter Units 

 1987–1996 vs 1997–2006  Were the 

periods 

significantly 

different? 

 1997–2000 vs. 2001–2006  Were the 

periods 

significantly 

different? 

 MWQSOGs1 

 Mean (n)  p-value   Mean (n)  p-value   Aquatic Life Drinking 

Water 

Recreation 

 1987–

1996 

1997–

2006 

 ANOVA Mann-

Whitney 

  1997–

2000 

2001–

2006 

 ANOVA Mann-

Whitney 

  

True Colour TCU  14 

(30) 

28 

(27) 

 <0.0001 -  Y  25 

(10) 

30 

(17) 

 0.213 -  N  - ≤155 - 

Specific 

conductance 

µS/cm  223 

(30) 

264 

(27) 

 <0.0001 -  Y  264 

(10) 

265 

(17) 

 0.951 -  N  - - - 

Hardness mg/L  97.2 

(30) 

107.4 

(27) 

 - 0.002  Y  108.8 

(10) 

106.5 

(17) 

 - 0.684  N  - - - 

1. Water quality objectives and guidelines for Manitoba (MWS 2011). Water quality means in red indicate values in exceedance of the current Manitoba Water Quality Standards, 
Objectives, and Guidelines (MWQSOGs). 

2. The results of a Mann-Whitney U-test comparing TP in 1987–1996 with 1997–2000 yielded a p-value of 0.174 indicating that the two time periods were not significantly different 
from one another. 

3. General narrative guideline for nutrients. 
4. The results of an ANOVA comparing pH in 1987–1996 with 1997–2000 yielded a p-value of 1.0 indicating that the two time periods were not significantly different from one 

another. 
5. Aesthetic objective. 
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Table 2D-3: Relative mean contribution (based on flow) of both the Nelson and 

Burntwood Rivers to the water of Split Lake from June to September 

during the last two decades: 1987–1996; and 1997–2006 

Waterbody 

Mean daily flow (m3/s)  Percent of combined flow 

1987–

1996 

1997–

2006 

1987–

2006  

1987–

1996 

1997–

2006 

1987–

2006 

Nelson River  1585 2580 2082  65.8 74.4 70.9 

Burntwood River  823 887 855  34.2 25.6 29.1 

Combined (i.e. flow into Split Lake) 2408 3466 2937  100 100 100 
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Figure 2D-1: Comparison of total phosphorus (TP) concentrations measured in Split Lake by Manitoba Water Stewardship 

(blue dots) and under the Keeyask environmental studies (red dots SPL7 and green dots SPL8) for the open 

water season. The dashed line indicates the Manitoba Water Quality Standards, Objectives, and Guidelines 

(MWQSOG) for lakes, ponds, and reservoirs 
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Figure 2D-2: Comparison of pH measured in Split Lake by Manitoba Water Stewardship (blue dots) and under the Keeyask 

environmental studies (red dots SPL7 and green dots SPL8) for the open water season 
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Figure 2D-3: Comparison of total alkalinity measured in Split Lake by Manitoba Water Stewardship (blue dots) and under 

the Keeyask environmental studies (red dots SPL7 and green dots SPL8) for the open water season 
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Figure 2D-4: Comparison of turbidity measured in Split Lake by Manitoba Water Stewardship (blue dots) and under the 

Keeyask environmental studies (red dots SPL7 and green dots SPL8) for the open water season 
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Figure 2D-5: Comparison of total suspended solids measured in Split Lake by Manitoba Water Stewardship (blue dots) and 

under the Keeyask environmental studies (red dots SPL7 and green dots SPL8) for the open water season 
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Figure 2D-6: Comparison of true colour measured in Split Lake by Manitoba Water Stewardship (blue dots) and under the 

Keeyask environmental studies (red dots SPL7 and green dots SPL8) for the open water season. The dashed 

line indicates the Manitoba aesthetic drinking water quality guideline 
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Figure 2D-7: Comparison of specific conductance (laboratory) measured in Split Lake by Manitoba Water Stewardship 

(blue dots) and under the Keeyask environmental studies (red dots SPL7) for the open water season 
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Figure 2D-8: Comparison of hardness measured in Split Lake by Manitoba Water Stewardship (blue dots) and under the 

Keeyask environmental studies (red dots SPL7 and green dots SPL8) for the open water season 
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Figure 2D-9: Average daily discharge (m3/sec) of the Nelson and Burntwood rivers into Split Lake during June, July, August 

and September from 1987–2006. Dashed lines depict mean flows for those periods 
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Figure 2D-10: Linear regression between total alkalinity (log) and (A) Nelson River 

discharge (log), (B) Burntwood River discharge, and (C) Burntwood and 

Nelson river discharge for the period of 1987–2006 (open water season 

only) 
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Figure 2D-11: Linear regression between specific conductance (log) and (A) Nelson River 

discharge (log), (B) Burntwood River discharge, and (C) Burntwood and 

Nelson river discharge for the period of 1987–2006 (open water season 

only) 
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Figure 2D-12: Linear regressions between hardness (log) and (A) Nelson River discharge 

(log), (B) Burntwood River discharge, and (C) Burntwood and Nelson river 

discharge for the period of 1987-2006 (open water season only) 
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Figure 2D-13: Linear regressions between true colour (log) and (A) Nelson River 

discharge (log), (B) Burntwood River discharge, and (C) Burntwood and 

Nelson river discharge for the period of 1987–2006 (open water only)
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Figure 2D-14. Linear regressions between turbidity (log) and (A) Nelson River discharge 

(log), (B) Burntwood River discharge, and (C) Burntwood and Nelson river 

discharge for the period of 1987–2006 (open water season only) 
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Figure 2D-15: Linear regressions between total suspended solids (TSS) (log) and (A) 

Nelson River discharge (log), (B) Burntwood River discharge, and (C) 

Burntwood and Nelson river discharge for the period of 1987–2006 (open 

water season only) 
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Figure 2D-16: Comparison of total iron concentrations measured in Split Lake by Manitoba Water Stewardship (blue dots) 

and under the Keeyask environmental studies (red dots SPL7 and green dots SPL8) for the open water 

season. The dashed line indicates the Manitoba Water Quality Standards, Objectives, and Guidelines 

(MWQSOG) for the protection of aquatic life and the aesthetic drinking water quality objective 
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Figure 2D-17: Comparison of total aluminum concentrations measured in Split Lake by Manitoba Water Stewardship (blue 

dots) and under the Keeyask environmental studies (red dots SPL7 and green dots SPL8) for the open water 

season. The dashed line indicates the Manitoba Water Quality Standards, Objectives, and Guidelines 

(MWQSOG) for the protection of aquatic life 
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2E.1 INTRODUCTION 

Stephens Lake was formed by the creation of the Kettle GS, which was completed in 1970. The project 

flooded approximately 263 square kilometres (km2) of land (Cherepak 1990), including a substantive area 

of peatlands. The area of the Nelson River between Gull Rapids and the Kettle GS was reportedly 

101 km2 prior to flooding (Crowe 1973). Map 2E-1 illustrates the pre- and post-flood shorelines of 

Stephens Lake and the Nelson River. 

Stephens Lake has not been delineated in detail, but can generally be described as consisting of a 

southern riverine portion through which the main flow of the Nelson River passes, and a northern arm, 

which is relatively isolated from the Nelson River flow. The north and south Moswakot rivers flow into 

the north arm of Stephens Lake, which was originally Big Moose Lake. General lake morphometry was 

described by Cherepak (1990) and is summarized in Table 2E-1.  

Information gathered on Stephens Lake over time provides a good opportunity to gain an understanding 

of anticipated impacts of the Keeyask GS on the aquatic environment. As such, water quality conditions 

in the flooded northern arm of the lake are used as a proxy for the flooded nearshore areas of the 

Keeyask reservoir and the southern “mainstem” area of the lake is used as a proxy for the mainstem of 

the Keeyask reservoir. 

The following provides an overview of the sources of historical and recent water quality data for 

Stephens Lake, a discussion of the comparability of the available data (i.e., in relation to changes in 

analytical and sampling methods), a brief summary of results of the various studies for key water quality 

variables, and a qualitative analysis of spatial and temporal differences in water quality variables within the 

lake. 

2E.2 SOURCES OF WATER QUALITY DATA 

The primary sources of historical and recent water quality data for Stephens Lake are: 

 Studies conducted by LWCNRSB in 1972 and 1973; 

 The MEMP conducted in 1986–1989; 

 The Limestone GS monitoring program conducted in the 1990s (sites located in the southern 

portion of the lake only); and 

 The Keeyask GS environmental studies conducted from 1999–2006. 

The following provides a brief overview of these programs.  

LWCNRSB Study: 1972-1973 

Water quality was examined at a number of lake and river sites in 1972 and 1973 under the LWCNRSB 

studies (identified as “Cleugh” sites in Map 2E-2). Sites sampled under this program in the water quality 

study area are as follows: 

 Burntwood River near First Rapids (Site 200); 
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 Nelson River upstream of the Kelsey GS (Site 1); 

 West side of Split Lake (Site 2); 

 Outlet of Split Lake (Site 3); 

 Southern area of Stephens Lake (Site 4‟); 

 Northern arm of Stephens Lake (Site 4); and 

 The Long Spruce reservoir (Site 5). 

Sites were sampled in the open water and ice-cover seasons; generally sampling was conducted monthly 

from May to October in 1972, in December, February, and March 1972/1973, and monthly from June to 

September in 1973. Sampling was most focused on laboratory analyses although some in situ information 

was collected, including limited surface and bottom DO and temperature measurements. 

Additionally, Crowe (1973) reported on water quality conditions measured in the southern portion of 

Stephens Lake in August 1972 (Map 2E-3). 

MEMP Study: 1986-1989 

Water quality was measured three times in 1986 (June, July, and August) and four times in 1987–1989 

(June, July, early August, and late August or early September) in Stephens Lake under the MEMP. Three 

sites were sampled: (1) the north arm of Stephens Lake; (2) the southwestern area of the lake; and (3) the 

southeastern area of Stephens Lake (Map 2E-2). In addition, MEMP included a site near the outlet of 

Split Lake, as well as other sites across northern Manitoba. 

Limestone GS Monitoring Program: 1985-2003 

Numerous studies were conducted under the Limestone GS Monitoring Program from 1985 to 2003, 

including collection of water quality data in the southern portion of Stephens Lake in some years (Map 

2E-2). Sampling varied from biweekly to monthly over the course of the program, but not all sites were 

sampled in each year. For the purposes of evaluating temporal changes in water quality of Stephens Lake, 

some of these data have been collated and presented herein. 

Keeyask GS Environmental Studies: 1999-2006 

The Keeyask GS environmental studies were conducted from 1999–2006 and included an analysis of 

water quality in Stephens Lake from 2001–2006. The core water quality program was conducted from 

2001–2004, with targeted studies also conducted in 2005 and 2006 (e.g., winter DO studies). Core water 

quality monitoring was conducted four times in the open water season and once in the ice-cover season 

during each year of study. Locations within Stephens Lake, upstream to Split Lake, and downstream to 

the Long Spruce GS are presented in Map 2E-2. 
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2E.3 LABORATORY METHODS 

Water quality measurements can vary if the analytical methods are changed. This in turn can lead to 

difficulties with comparing data sets and at worst, to erroneously concluding that a change in water 

quality has occurred when the differences are actually due to changes in methods. 

As water quality data have been collected by various organizations over several decades using different 

analytical laboratories, it is important to consider the differences in analytical methods employed during 

the various studies considered here. All laboratory analyses for samples collected in 1972 and 1973 and 

reported in Cleugh (1974) were conducted at the Freshwater Institute. Analyses conducted for samples 

collected during the MEMP were conducted at two analytical laboratories: Ward Laboratories (Winnipeg, 

MB); and the Freshwater Institute (Winnipeg, MB). Not all parameters were analysed at both laboratories. 

All analyses for samples collected under the Keeyask Environmental Studies Program (1999–2006) were 

conducted at ALS Laboratories (Winnipeg, MB).  

Ramsey et al. (1989) compared data collected in 1972 and 1973 in Stephens Lake (as reported in Cleugh 

1974) with data collected under the MEMP in 1986, 1987, and 1988 and specifically considered the 

potential effects of changes in the analytical methods employed between the studies when assessing 

potential temporal changes. While data collected in 1989 (as reported in Green 1990) were not formally 

included in Ramsey et al. (1989), the analytical methods employed were consistent with those used from 

1986-1988. Therefore, the following conclusions refer to comparisons of MEMP and LWCNRSB data. 

Ramsey et al. (1989) indicated the following important considerations for interpretation of the 1972–1973 

and 1986–1989 datasets in relation to analytical methods: 

 Total dissolved nitrogen analytical methods improved between the two time periods. Higher 

concentrations of TDN in the latter period may reflect this analytical change; 

 Methods employed for measurement of iron changed between the studies. Higher iron values 

obtained in the latter period may reflect a change in methods; 

 Methods for colour also improved over time and observed changes of 5-10 colour units were 

considered to be a result of a change in the laboratory procedure; and 

 A different turbidity meter was used between the two time periods, which may affect comparability 

of data.  

Filter sizes used for separating dissolved and particulate fractions of certain constituents also varied 

between recent and older studies (see Table 2E-2 for summary). In the earliest historical studies  

(i.e., 1972–1973), all dissolved fractions were produced by filtering water samples through a Whatman 

GF/C filter (pore size of 1.2 μm) and TSS was measured as the fraction of unfilterable solids remaining 

on a filter with a pore size of 1.2 μm. Filter sizes were not indicated for the MEMP studies. Green (1990) 

indicates that a glass fibre filter was used for “each size” and Ramsey et al. (1989) indicated that other 

than the differences in methods indicated above that no other changes in analytical methods were made 

relative to the LWCNRSB studies. Therefore, it is assumed that the filter sizes employed in the MEMP 

were consistent with those used in the LWCNRSB studies but this cannot be confirmed.  
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For the most recent studies (i.e., Keeyask environmental studies; 1999–2006), different filter sizes were 

used for different analyses, in keeping with current standard methods for water quality analysis. 

Specifically, DOC, DP, and nitrate/nitrite concentrations were measured in the fraction that passed 

through a 0.45 μm filter and TSS was measured from the fraction retained on a 1.5 μm filter under the 

Keeyask baseline program. Ultimately, this indicates that TSS, DOC, nitrate/nitrite, and DP may be 

lower in the recent study relative to earlier studies solely due to changes in the analytical methods. 

However, total fractions of phosphorus and organic carbon should be comparable. Additionally, 

chlorophyll a samples were not filtered in the field during the Keeyask Environmental Studies but 

samples were field-filtered under the LWCNRSB studies.  

2E.4 SUMMARY OF KEY WATER QUALITY 

RESULTS 

2E.4.1 DISSOLVED OXYGEN AND STRATIFICATION 

There are limited historical data delineating DO conditions in Stephens Lake over time. Crowe (1973) 

reported that low DO concentrations were observed at depth at some sites in August 1972 in the 

southern portion of Stephens Lake. Specifically, DO concentrations were below current water quality 

objectives for PAL at depth over some flooded areas, which presumably experienced reduced mixing 

with the mainstem of the river. DO was lower at depth in Area E and Area B (see Map 2E-3 for areas), 

which Crowe (1973) described as a “deep embayment connected to the main reservoir by a narrow 

channel”. In Area E, an increasing gradient of DO was observed extending from the flooded area out to 

Nelson River water. These data indicate that effects to DO were observed at least in the initial years 

following impoundment in some more isolated areas of the southern portion of the reservoir. 

Cleugh (1974) also reported temperature depth profiles and surface and bottom DO measurements at the 

two sampling sites visited in Stephens Lake, as well as upstream and downstream, in 1972–1973. The site 

located on the north arm of Stephens Lake (Cleugh Site 4; Map 2E-2) exhibited a “slight thermocline” 

throughout the sampling program, while thermal stratification was not observed at sites located along the 

mainstem of the Nelson River, including the site in the southern portion of Stephens Lake. As total water 

depths were not reported (reference is only given as “bottom”), the information presented is insufficient 

to determine if water temperature changed at a rate greater than or equal to1°C per meter of water. 

Cleugh (1974) also observed lower DO concentrations in the north arm of Stephens Lake relative to sites 

located along the Nelson River mainstem, including the site located in southern Stephens Lake (Cleugh 

Site 4‟; Map 2E-2). Where surface and bottom measurements were collected, lower DO concentrations2 

were recorded at depth than the surface in the north arm. Additionally, near-surface DO concentrations 

                                                      

2 Cleugh (1974) reported DO as % saturation.  To estimate the equivalent DO in mg/L, % saturation values were 

converted to concentrations using an elevation of 233 m ASL  for site 4 and site 4‟ and the associated water 

temperature recorded at each site. 
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were generally lower in the north arm than at the mainstem sites, collectively indicating that DO was 

depleted in the northern arm following creation of the Kettle reservoir. Concentrations in the north arm 

of Stephens Lake were also below current water quality objectives for the protection of aquatic life during 

some sampling periods. Conversely, DO concentrations were consistently above current water quality 

objectives for the PAL at the southern site. 

Temperature and DO have also been measured in Stephens Lake under the Keeyask environmental 

studies, the results of which are described in the main body of this volume (Section 2). In brief, the 

information indicates similar spatial differences between the north and south areas of the lake. 

Specifically, recent data indicate that the southern area of Stephens Lake does not stratify and is well-

oxygenated year-round. Conversely, the north arm may stratify, most notably in winter, and under 

atypically low wind conditions. Dissolved oxygen may be lower at depth in the north arm in winter and in 

backbay areas in the open water season during atypically low wind events. DO exhibits an increasing 

gradient in backbay areas in winter, being lowest over organic substrates in shallow waters. 

2E.4.2 WATER CLARITY 

A number of parameters have been measured in Stephens Lake that relate to water clarity, including 

Secchi disk depth, light attenuation (with a light meter), TSS, turbidity, colour, and organic carbon.  

Cleugh (1974) indicated that the north arm of Stephens Lake had a higher Secchi disk depth than the 

mainstem of the Nelson River but that this area was “highly coloured and dark brown.” In general, 

Cleugh (1974) indicated that the observed water quality changes in Moose Creek (i.e., the north arm of 

the lake) were probably typical of what may be expected in inundated areas of most northern reservoirs. 

Secchi disk depths along the mainstem of the Nelson River have been consistently less than 1 m since the 

early 1970s, whereas the north arm of the lake has exhibited higher values (Figure 2E-1). In the absence 

of pre-Project data it is not known how the Kettle GS may have affected water clarity in the north arm of 

the lake. However, given that erosion was prominent and that flooding of peatlands likely elevated water 

colour, it is likely that water clarity was reduced in this area following creation of the Kettle reservoir. 

Currently, TSS and turbidity are lower and Secchi disk depths are higher in the north arm of the lake than 

those in the southern portion of the lake (see Section 2). 

2E.4.3 NITROGEN, PHOSPHORUS, AND ORGANIC 

CARBON 

The most striking spatial differences observed in Stephens Lake in the 1970s were the high 

concentrations of total phosphorus (TP; Figure 2E-2) and DP (Figure 2E-3) in the north arm of the lake, 

relative to the mainstem of the Nelson River, including the southern area of the lake. Although pre-

project data are not available, it is likely that this spatial difference reflects the effects of flooding in the 

north arm of the lake. On the basis of TP concentrations, the north arm of the lake was eutrophic in 

1972 and 1973. Subsequently, phosphorus concentrations decreased and the north arm shifted to a 

mesotrophic status (Table 2E-3). Other nutrients were temporarily higher in the north than the south of 
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Stephens Lake, including DOC (Figure 2E-4) and total nitrogen ([TN]; Figure 2E-5), which is consistent 

with the effects of flooding.  

2E.4.4 pH 

The north arm of Stephens Lake was more acidic than the south in 1972 and 1973, which is also a typical 

effect of flooding (Figure 2E-6). Since that time, pH has increased and is similar to the mainstem of the 

Nelson River. pH was consistently within current water quality guidelines for the protection of aquatic 

life in all studies. 

2E.4.5 CHLOROPHYLL a 

Effects of construction of the Kettle GS on primary production (as chlorophyll a) are less clear; although 

currently chlorophyll a is lower in the north arm relative to the south in Stephens Lake, it is not clear how 

phytoplankton was altered by creation of the reservoir in the north arm. Although DP and TP were 

much higher in the 1970s in the north arm of the lake than they are now and relative to the southern area 

of the reservoir in the 1970s, chlorophyll a did not follow the same spatio-temporal pattern 

(Figure 2E-7). This may indicate that primary production was not dramatically or at least consistently 

affected by the Kettle GS in the north arm of the lake. Increases in DOC may have limited the availability 

of phosphorus to phytoplankton and/or other factors may have limited phytoplankton growth (e.g., 

light). 

2E.5 COMPARISONS OF SELECTED WATER 

QUALITY VARIABLES OVER TIME 

There are no pre-Kettle GS water quality data to compare to data collected following creation of the 

Kettle reservoir. However, data collected from the early 1970s shortly after inundation, from the 1980s 

approximately 15–20 years post-Project, from the 1990s under the Limestone GS monitoring program, 

and data collected under the Keeyask Environmental Studies program from 2001–2006, collectively 

provide some insight into temporal changes that may have occurred in Stephens Lake since the reservoir 

was created. From this temporal evaluation, effects of reservoir creation can be inferred. 

For evaluation purposes, water quality data were compiled, statistically summarized (as means ± standard 

error [SE] for the open water seasons) and grouped into general geographical areas as summarized in 

Table 2E-4. Sites located on the lower Nelson River upstream and downstream of Stephens Lake were 

included to provide context for evaluating conditions in the lake itself, relative to other areas. This also 

facilitated evaluating how water quality may have been affected in the southern portion of Stephens Lake 

by comparing to upstream and downstream conditions measured concurrently. 

Absolute changes in water quality conditions in Stephens Lake over the last several decades are difficult 

to assess due to issues associated with varying analytical methods. Therefore, absolute changes in DOC, 

TDN, DP, turbidity, and TSS cannot be determined over this time period (see Section 2E.3). Conversely, 
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chlorophyll a, pH, Secchi disk depths, and TP should be relatively comparable over time. By evaluating 

both the absolute changes in these variables over time and relative changes in water quality between the 

northern and southern areas of the lake provides insight into the likely effects of the construction of the 

Kettle GS on water quality. 

The most substantive change in water quality conditions observed from 1972 to recent years occurred in 

the north arm of Stephens Lake. TP concentrations were notably higher in the north arm of the lake 

relative to the southern mainstem of the Nelson River in 1972 and 1973 and have since declined 

(Figure 2E-2). Current concentrations of TP are actually lower in the north arm than in the southern 

portion of the lake (and elsewhere on the mainstem of the Nelson River). DP (Figure 2E-3) was also 

notably higher in the north arm than the south in the 1970s and although more recent data are not 

directly comparable to the results of earlier studies, DP was relatively similar across sites in 2004, which 

indicates a relative decline in the north arm.  

Other parameters that appear to have changed notably in the north arm of Stephens Lake since the 1970s 

include: 

 Mean chlorophyll a measured in 2004 was lower than the 1970s and 1980s in the north arm 

(Figure 2E-7). Concentrations were also lower in 2004 in the north arm relative to the southern 

mainstem; 

 pH was lower in the north arm relative to the southern area of Stephens Lake in 1972 and 1973 

(Figure 2E-6). In 1987–1989 and 2004, pH was similar in both areas indicating that pH has since 

increased in the north arm of the lake; 

 DOC was higher in the north arm than in the south in 1972 and 1973 and to a lesser extent during 

some years in the 1980s (Figure 2E-4). In 2004, DOC was quite similar in the north and south areas 

of Stephens Lake; 

 Total nitrogen was higher in the north arm of the lake in 1972 and 1973 but by the 1980s had 

become quite similar in the northern and southern areas (Figure 2E-5). In 2004, concentrations were 

somewhat lower in the north arm. It should be noted that due to analytical changes, TN 

concentrations may not be directly comparable over time; 

 Secchi disk depths in the north arm of the lake appear to have declined since the 1970s 

(Figure 2E-1); 

 There are insufficient data to describe changes in turbidity in the north arm over time, relative to 

southern sites (Figure 2E-8). Changes in analytical methods also prevent direct comparison of TSS 

concentrations over time. However, TSS has consistently been lower in the north than the south of 

Stephens lake since 1972 (Figure 2E-9); and 

 There is insufficient information to assess temporal changes in true colour in the north arm of the 

lake.  

Evaluation of potential temporal changes in the southern area of Stephens Lake indicates the following: 
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 Laboratory pH has increased in the southern area of the lake since the 1980s (Figure 2E-6), whereas 

in situ pH has been relatively consistent in this area since the 1970s. As previously indicated, pH has 

increased in the north arm over time; 

 Secchi disk depths were relatively similar from 1972–2004 in the southern area of Stephens Lake 

(Figure 2E-1); 

 Mean chlorophyll a concentrations have ranged between approximately 3–8 μg/L (Figure 2E-7) in 

the southern area of the lake over the open water seasons when sampling was conducted from the 

1970s to 2004. Generally, the data indicate a fair amount of variability within a given sampling year 

and there are no temporal trends immediately evident from this information. As previously indicated, 

chlorophyll a appears to have declined in the north arm; 

 True colour appears to have increased in the southern area of Stephens Lake between the 1980s and 

2001–2004; 

 In contrast to the north arm where TP declined notably over time, there is no indication of a 

progressive temporal change in TP concentrations in the southern area of Stephens Lake since the 

1970s (Figure 2E-2); and 

 Similarly, there are no strong temporal changes evident in the concentrations of total Kjeldahl 

nitrogen (TKN) or TN in the southern area of the lake between the 1980s and 2001–2004 

(Figure 2E-5). Rather, inter-annual differences appear to be larger than changes over longer periods 

of time. 

Using TP as the indicator, the trophic status of Stephens Lake has changed over time (Table 2E-3). Most 

notable was the large reduction in phosphorus in the north arm of Stephens Lake since the early 1970s. 

That area was eutrophic in 1972 and 1973 but shifted to mesotrophic status by the 1980s. Data collected 

in 2004 indicate that TP in the north arm is very similar to concentrations observed in the 1980s. The 

trophic status of the southern area of Stephens Lake has varied between meso-eutrophic to eutrophic 

over the last several decades and there is no indication of any progressive trend or change over time. This 

suggests that either the effects of the creation of the Kettle reservoir were very short-lived and not 

captured within the 1972 and 1973 historical studies in the southern area of the lake and/or that the 

effects were small in the mainstem of the reservoir. 

Overall, the available water quality data for Stephens Lake indicate that the north arm of the lake was 

more acidic and more nutrient-rich (with higher concentrations of DP, TP, TN, and DOC) in the early 

1970s relative to more recent years. This observation is consistent with the evolution of limnological 

conditions in the flooded, isolated area of the lake since the Kettle GS was constructed. Although pre-

project data are not available, the temporal changes indicated by the available water quality data, together 

with general scientific knowledge of the temporal changes in water quality following reservoir creation, 

suggest that the lake experienced an increase in nutrients and a reduction in pH following flooding.  

Further, the data imply that these effects have either stabilized to pre-project conditions or have in fact 

departed beyond the pre-project conditions. Some reservoirs may experience nutrient increases in initial 

years, followed by reductions to concentrations lower than pre-Project conditions (e.g., Stockner et al. 
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2000). Regardless, the available information indicates that conditions have notably changed since the 

1970s and that the north arm is now considerably more nutrient-poor than the southern mainstem of the 

lake or the lower Nelson River in general. Collectively, the data indicate that the effects of reservoir 

creation, most notably flooding, were greatest in the initial years of the project, notably in the north arm 

of the lake, with effects declining and stabilizing within approximately 15–20 years post-flood. 

In terms of ecological context, water quality conditions in the north arm of Stephens Lake currently 

resemble those of nearby Assean Lake, whereas water quality of the southern area of the lake resembles 

the mainstem of the Nelson River. 
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Table 2E-1: General morphometry of Stephens Lake (lake surface elevation of 

139.13 m above sea level), as presented in Cherepak (1990) 

  Unit Stephens Lake 

Surface Area (excluding islands) km2 364.70 

Surface Area (including islands) km2 421.33 

Mean Depth m 7.63 

Maximum Depth m 35.0 

Shoreline Length (excluding islands) km 461.28 

Shoreline Length (including islands) km 938.38 

Shoreline Development Ratio (excluding islands) - 6.34 

Shoreline Development Ratio (including islands) - 13.87 

Total Volume km3 2.78235 
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Table 2E-2: Summary of analytical differences in methods between historical and recent water quality studies conducted 

in the study area 

Study1 Source Years 
Analytical 
Laboratory 

Methods 
Reference 

Total 
suspended 
solids (TSS) 

Total 
dissolved 

solids 
(TDS) 

Total 
dissolved 

phosphorus 
(DP) 

Dissolved 
organic 
carbon 
(DOC) 

Nitrate 
Chlorophyll 

a 

LWCNRSB Cleugh 
(1974) 

1973–
1973 

Freshwater 
Institute 

Armstrong and 
Schindler (1971) 

and American 
Public Health 

Association (1972; 
i.e., "Standard 

Methods") 

1.2 μm 
Whatman GF/C 

glass filter 

1.2 μm 
Whatman 
GF/C glass 

filter 

1.2 μm 
Whatman 
GF/C glass 

filter 

1.2 μm 
Whatman 
GF/C glass 

filter 

1.2 μm 
Whatman 
GF/C glass 

filter 

1.2 μm 
Whatman 
GF/C glass 

filter 

MEMP Green 
(1989) 

and 
Ramsey 
et al. 

(1989) 

1986–
1989 

Freshwater 
Institute; Ward 

Laboratories 

Same filter sizes employed by Cleugh (1974) assumed.  No filter sizes specified. 

Keeyask This 
study 

1999–
2006 

ALS 
Laboratories 

Various; largely 
APHA (1998) 

1.5 μm 
Whatman 934-

AH glass 
microfibre filter 

1.2 μm 
Whatman 
GF/C glass 

filter 

0.45 μm filter 0.45 μm filter 0.45 μm filter 1.2 μm 
Whatman 
GF/C glass 

filter 

Conclusion     TSS 
measurements 
collected from 

1999-2006 may 
be lower than 
would have 

been reflected 
using a smaller 
filter pore size. 

Laboratory 
methods 

are 
comparabl

e 

Recent DP 
measurement

s would be 
expected to 
be lower due 

to smaller 
filter  pore 

size 

Recent DOC 
measurement

s would be 
expected to 
be lower due 

to smaller 
filter pore 

size 

Recent nitrate 
measurements 

would be 
expected to be 

lower than 
historical 

measurements 
on the basis of 

the smaller 
filter pore size 

Laboratory 
methods are 
comparable 

1. LWCNRSB = Lake Winnipeg, Churchill and Nelson Rivers Study Board; MEMP = Manitoba Ecological Monitoring Program; Keeyask  = Keeyask GS environmental studies  
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Table 2E-3: Summary of Canadian Council of Ministers of the Environment (CCME 

1999; updated to 2012) trophic classification schemes and trophic status 

of Stephens Lake and the Nelson River upstream and downstream of 

Stephens Lake over the period of record 

Area Year 

Lake Trophic Status Based on Total Phosphorus (mg/L) 

Ultra-
oligotrophic 

Oligotrophic Mesotrophic 
Meso-

eutrophic 
Eutrophic 

Hyper-
eutrophic 

CCME Trophic 
Classification 

 <0.004 0.004–0.010 0.010–0.020 
0.020–
0.035 

0.035–
0.100 

>0.100 

Upstream of  1972     0.042  

Stephens Lake 1973    -   

 1986    0.034   

 1987    0.033   

 1988    0.031   

 1989    0.031   

 1990       

 1991       

 1992       

 1993       

 1994       

 2001    0.031   

 2002     0.043  

 2003     0.042  

 2004    0.036   

North Arm of  1972     0.075  

Stephens Lake 1973     0.089  

 1986    0.032   

 1987   0.017    

 1988   0.017    

 1989   0.016    

 1990       

 1991       

 1992       

 1993       

 1994       

 2001       

 2002       

 2003       

 2004   0.016    

Southwestern Area  1972       

of Stephens Lake 1973       

 1986     0.038  

 1987    0.034   

 1988    0.030   

 1989    0.031   

 1990       



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2E-13 

Table 2E-3: Summary of Canadian Council of Ministers of the Environment (CCME 

1999; updated to 2012) trophic classification schemes and trophic status 

of Stephens Lake and the Nelson River upstream and downstream of 

Stephens Lake over the period of record 

Area Year 

Lake Trophic Status Based on Total Phosphorus (mg/L) 

Ultra-
oligotrophic 

Oligotrophic Mesotrophic 
Meso-

eutrophic 
Eutrophic 

Hyper-
eutrophic 

CCME Trophic 
Classification 

 <0.004 0.004–0.010 0.010–0.020 
0.020–
0.035 

0.035–
0.100 

>0.100 

Southwestern Area  1991       

of Stephens Lake 1992       

(Continued) 1993       

 1994       

 2001    0.030   

 2002     0.041  

 2003     0.041  

 2004    0.035  

Southeastern Area of  1972     0.036  

Stephens Lake 1973    0.031   

 1986     0.036  

 1987    0.028   

 1988    0.024   

 1989    0.027   

 1990       

 1991       

 1992       

 1993    0.029   

 1994       

 2001    0.029   

 2002     0.037  

 2003     0.038  

 2004    0.034   

Long Spruce  1972    0.032   

Reservoir 1973    0.028   

 1986       

 1987       

 1988       

 1989       

 1990    0.035  

 1991    0.035  

 1992    0.035  

 1993    0.030   
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Table 2E-3: Summary of Canadian Council of Ministers of the Environment (CCME 

1999; updated to 2012) trophic classification schemes and trophic status 

of Stephens Lake and the Nelson River upstream and downstream of 

Stephens Lake over the period of record 

Area Year 

Lake Trophic Status Based on Total Phosphorus (mg/L) 

Ultra-
oligotrophic 

Oligotrophic Mesotrophic 
Meso-

eutrophic 
Eutrophic 

Hyper-
eutrophic 

CCME Trophic 
Classification 

 <0.004 0.004–0.010 0.010–0.020 
0.020–
0.035 

0.035–
0.100 

>0.100 

Long Spruce  1994     0.056  

Reservoir 2001       

(Continued) 2002    0.035  

 2003    0.035  

  2004    0.030   
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Table 2E-4: Grouping of historical water quality sampling sites in and near Stephens Lake. Site IDs reflect those indicated 

in Map 2E-2 

 

Area Site ID Site Description Study1 Time 

Period 
Source 

Upstream of 

Stephens Lake 

Cleugh 3 Split Lake near the outflow LWCNRSB 1972–1973 (Cleugh 1974) 

MEMP SPL1 Split Lake near the Community MEMP 1986–1989 (Green 1990) 

 NR2 Nelson River upstream of Stephens 

Lake 

Keeyask 2001–2004 (Keeyask) 

North Arm of 

Stephens Lake 

Cleugh 4 Offshore, north LWCNRSB 1972–1973 (Cleugh 1974) 

MEMP STL1 Offshore, north MEMP 1986–1989 (Green 1990) 

 STL3 Offshore, north Keeyask 2004 (Keeyask) 

Southwestern 

Stephens Lake 

MEMP STL2 Main flow of Nelson River MEMP 1986–1989 (Green 1990) 

STL1 Main flow of Nelson River Keeyask 2001–2004 (Keeyask) 

Southeastern 

Stephens Lake 

Cleugh 4' Near the main flow of the Nelson River LWCNRSB 1972–1973 (Cleugh 1974) 

MEMP STL3 Main flow of Nelson River MEMP 1986–1989 (Green 1990) 

 LIME STL1 Main flow of Nelson River Limestone GS Aquatic Monitoring 

Program 

1993 (North/South Consultants Inc. 

[NSC] 2012) 

 STL2 Main flow of Nelson River Keeyask 2001–2004 (Keeyask) 

Downstream of 

Stephens Lake 

Cleugh 5 Long Spruce Reservoir LWCNRSB 1972–1973 (Cleugh 1974) 

LIME LSPR1 Long Spruce Reservoir Limestone GS Aquatic Monitoring 

Program 

1990–1994 (NSC 2012) 

 NR3 Long Spruce Reservoir Keeyask 2002–2004 (Keeyask) 

Stephens Lake 

at the GS 

LIME STL2 Kettle GS Limestone GS Aquatic Monitoring 

Program 

1990–1994 (NSC 2012) 

1. LWCNRSB = Lake Winnipeg, Churchill and Nelson Rivers Study Board; MEMP = Manitoba Ecological Monitoring Program; Keeyask  = Keeyask GS environmental studies  
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Figure 2E-1: Secchi disk depths (means ± standard error of the open water seasons) 

measured in Stephens Lake and upstream and downstream of the lake 

since 1972: (A) Stephens Lake and environs; and (B) Stephens Lake only 
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Figure 2E-2: Total phosphorus (TP) concentrations (means ± standard error of the open 

water seasons) measured in Stephens Lake and upstream and downstream 

of the lake since 1972: (A) Stephens Lake and environs; and (B) Stephens 

Lake only 
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Figure 2E-3: Total dissolved phosphorus (DP) concentrations (means ± standard error 

of the open water seasons) measured in Stephens Lake and upstream and 

downstream of the lake since 1972: (A) Stephens Lake and environs; and 

(B) Stephens Lake only 
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Figure 2E-4: Dissolved organic carbon (means ± standard error of the open water 

seasons) measured in Stephens Lake and upstream and downstream of the 

lake since 1972: (A) Stephens Lake and environs; and (B) Stephens Lake 

only 
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Figure 2E-5: Total nitrogen (means ± standard error of the open water seasons) 

measured in Stephens Lake and upstream and downstream of the lake 

since 1972: (A) Stephens Lake and environs; and (B) Stephens Lake only 
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Figure 2E-6: Laboratory pH (means ± standard error of the open water seasons) 

measured in Stephens Lake and upstream and downstream of the lake 

since 1972: (A) Stephens Lake and environs; and (B) Stephens Lake only 

(A)

(B)

7.0

7.2

7.4

7.6

7.8

8.0

8.2

8.4

8.6

8.8

1972 1973 1986 1987 1988 1989 1990 1991 1992 1993 1994 2001 2002 2003 2004 2001-2004

Year

p
H

STL North Upstream STL Southwest STL Southeast Kettle GS Long Spruce Forebay

7.0

7.2

7.4

7.6

7.8

8.0

8.2

8.4

8.6

8.8

1972 1973 1986 1987 1988 1989 1990 1991 1992 1993 1994 2001 2002 2003 2004 2001-2004

Year

p
H

STL North STL Southwest STL Southeast Kettle GS



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2E-22 

 

Figure 2E-7: Chlorophyll a (means ± standard error of the open water seasons) 

measured in Stephens Lake and upstream and downstream of the lake 

since 1972: (A) Stephens Lake and environs; and (B) Stephens Lake only 
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Figure 2E-8: Laboratory turbidity (means ± standard error of the open water seasons) 

measured in Stephens Lake and upstream and downstream of the lake 

since 1972: (A) Stephens Lake and environs; and (B) Stephens Lake only 
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Figure 2E-9: Total suspended solids (means ± standard error of the open water 

seasons) measured in Stephens Lake and upstream and downstream of the 

lake since 1972: (A) Stephens Lake and environs; and (B) Stephens Lake 

only 
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2F.1  INTRODUCTION 

The following describes the approach, methods, and information sources used for predicting the 

increases in nutrients (TP and TN) and total metals in the Keeyask reservoir related to the effects of 

flooding and increases in organic TSS during the Project operation period. Detailed results of this 

modelling exercise are also presented below; a summary of the modelling results is provided in Section 

2.5.2.2.  

2F.2 APPROACH, METHODS, AND 

INFORMATION SOURCES 

2F.2.1 MODEL FOR EFFECTS OF PEATLAND 

DISINTEGRATION (“ORGANIC TOTAL 

SUSPENDED SOLIDS MODEL”) 

Modelling results generated for organic TSS and mineral TSS in the Physical Environment Supporting 

Volume (PS EV), Section 7 were incorporated into the general water quality assessment to assess effects 

of the Project on TSS and water clarity. In addition, these modelling results were used as the basis for 

estimating effects of peatland disintegration and mineral erosion and sedimentation on related water 

quality variables. As indicated in the PS EV, Section 7, mineral TSS is expected to be slightly reduced as a 

result of the Project, most notably under high flows near the GS. However, organic TSS is predicted to 

be increased in nearshore areas, notably in the first year of operation. Therefore, the related effects of 

increased organic TSS were considered in greater detail through a modelling approach. 

Peat, like other organic and inorganic soils, contains nutrients and metals. Therefore, the suspension of 

peat in the water column would result in increases in these variables in addition to a general increase in 

TSS. Concentrations of metals and nutrients measured in samples of peat (surface and of horizon) 

collected across the Keeyask area (within the future reservoir; Map 2F-1) were summarized and the 

resultant increases in the water column associated with the organic TSS were calculated. Predicted 

concentrations of nutrients and metals associated with the predicted increases in organic TSS were 

calculated as follows: 

Concentration of nutrient/metal in water (mg/L) =  

Concentration of nutrient/metal in peat (μg/g)/1,000,000 x concentration of organic TSS (mg/L). 

Predicted increases in metals and nutrients in water were added to mean and maximum background water 

quality measured in the Keeyask area during the environmental studies. The exception was for total 

mercury. Keeyask environmental studies (2001–2006) were undertaken when the Manitoba guideline for 

total mercury for the protection of aquatic life was 0.0001 mg/L (Williamson 2002) and the analytical 

detection limit employed was 0.00005 mg/L. The Manitoba guideline was revised in July 2011 (MWS 

2011) and now refers to inorganic mercury (0.000026 mg/L) and methylmercury (0.000004 mg/L), which 
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is consistent with the Canadian Council of Ministers of the Environment guidelines (CCME 1999; 

updated to 2012). As the current guideline (inorganic mercury) is lower than the detection limits 

employed in the environmental studies conducted prior to 2011, additional field sampling for total 

mercury and methylmercury was undertaken in fall 2011 (see Appendix 2J). Therefore, modelling applied 

in the environmental assessment for total mercury was based on: 

 Results of the 2011 field program; and 

 The mean value reported by Kirk and St. Louis (2009) at the Limestone GS. 

As total mercury and methylmercury were not detected in the study area in fall 2011, a value equal to 

one-half the analytical detection limit was employed for defining background conditions. Modelling was 

also conducted using the literature value reported by Kirk and St. Louis (2009) to employ all available 

pertinent information. 

As the organic TSS modelling was based on the assumption that disintegrated peat introduced into the 

water column was fully mixed in each of the peat transport zones (see Map 2-22), this same assumption 

applies for estimates of effects on nutrients and metals. Peat transport zones used in the organic TSS 

impact assessment are illustrated in Map 2-22 and the organic TSS concentrations predicted for each peat 

zone, are presented in the PS EV, Section 7, and in Table 2F-1. 

2F.2.2 MODEL OF NUTRIENT AND METAL FLUXES DUE 

TO FLOODING 

A literature search was conducted to compile available published information on benthic nutrient flux 

rates, with an emphasis on rates measured or applied for reservoirs and in systems with similar peat 

substrates (Table 2F-2). In addition, nutrient flux rates measured in peatland areas (i.e., in runoff), 

including sites disturbed by peat mining activities were compiled (Table 2F-3). 

While there is a considerable volume of literature detailing nutrient flux rates from natural and mined 

peatlands, there is comparatively little published information describing nutrient flux rates from 

permanently flooded peatlands in reservoirs. In natural or mined peatlands, nutrients are leached through 

groundwater infiltration and precipitation-induced runoff. Therefore, benthic flux rates are dependent 

upon the volume of runoff in these systems and loading has been observed to be greatest in spring 

during the freshet, and lowest in winter, in boreal peatlands (Svahnback 2007). Benthic nutrient flux rates 

have also been measured in various aquatic systems, however most either refer to systems lacking peat 

substrates and/or apply to systems that have been substantively influenced by agricultural nutrient 

loading.  

There is comparatively less information in the scientific literature detailing the benthic flux rates of metals 

from permanently flooded peat. Furthermore, the majority of the available information on benthic flux 

rates from aquatic ecosystems has been collected in areas that have been affected by mining activities 

and/or other anthropogenic disturbances (other than reservoir creation). The primary exception is 
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mercury; several studies have described benthic flux rates of methylmercury and total mercury from 

unflooded and flooded peat as well as natural lakes (Table 2F-4). 

Flux rates may vary considerably depending on the nature of the substrate, limnological conditions of the 

waterbody, and/or external nutrient loading. Grimard and Jones (1982) estimated the annual benthic 

phosphorus flux rate for the Smallwood Reservoir, Labrador, and the La Grande-2 reservoir, Quebec at 

approximately 1.6 g P/m2/year (equivalent to approximately 0.004 g/m2/day). Rates estimated from data 

presented in Grimard and Jones (1982) regarding laboratory simulated release rates from “peaty and 

sandy soils” (data derived from Maystrenko and Denisova 1972, in Grimard and Jones 1982) were 

approximately 0.02–0.03 g P/m2/year when corrected for an average temperature of 5–7°C (equivalent to 

approximately 0.00005–0.00008 g/m2/day). Grimard and Jones (1982) postulated that peaty soils may 

leach phosphorus more slowly than alluvial soils due to their inherent ability to strongly bind phosphorus. 

Other than the effects of temperature, benthic nutrient flux rates, notably phosphorus, also depend on 

other site-specific conditions such as the redox status of the sediment-water interface. Therefore, 

ultimately, flux rates can vary considerably between systems and even within a system over time. 

In consideration of these limitations, benthic nutrient flux rates for flooded peat were estimated from 

published information on peat decomposition at Lake 979, an experimentally flooded boreal wetland in 

Ontario, in conjunction with measured peat chemistry for the study area. Rates of carbon loss and/or 

production of greenhouse gases (GHGs; carbon dioxide and methane) from flooded peat can be used to 

estimate decomposition rates. The final products of organic carbon mineralization are carbon dioxide and 

methane and are commonly used as indicators of decomposition of organic matter. Kelly et al. (1997) 

reported that 115 g C/m2/year were lost from decomposition of surface peat and above ground materials 

and 30–40 g C/m2/year were lost from subsurface peat decomposition in the first two years post-

impoundment at Lake 979. Saquet (2003) reported higher rates of carbon dioxide and methane fluxes 

(approximately 1.6 g C/m2/day) – an indicator of the rate of mineralization of organic carbon - from 

Lake 979 ten years post-flood (2002). The increase in GHG emissions 10 years post-flood may relate to 

the creation of floating peat islands over time. 

The range of carbon loss rates measured at Lake 979 were used to estimate rates of benthic nutrient 

(nitrogen and phosphorus) and metal fluxes from flooded peat in the Keeyask reservoir in the initial years 

following impoundment. Ratios of carbon:phosphorus, carbon:nitrogen, and carbon:metals were 

calculated from chemical measurements of peat collected from the areas that would be inundated by the 

Project. Rates of nutrient and metal releases (i.e. benthic fluxes) were then estimated for the Keeyask 

reservoir based on the rates of carbon loss reported by Kelly et al. (1997) and Saquet (2003; Table 2F-2). 

These estimates represent release of nutrients/metals due to leaching and decomposition of flooded 

habitat. 

The calculated site-specific estimates of nutrient benthic flux rates for the Keeyask reservoir fell within 

the range observed for peat mining areas, as well as other aquatic ecosystems as published in the scientific 

literature (Table 2F-2 and Table 2F-3). These flux rates were lower than those of Grimard and Jones 

(1982) but were higher than those estimated from the data of Maystrenko and Denisova for peat/sand 

substrate (1972 in Grimard and Jones 1982) presented in Grimard and Jones (1982). The benthic flux 

rates presented by Grimard and Jones (1982) were derived for reservoirs in which clearing was not 
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undertaken. Therefore, these rates would likely overestimate that nutrient fluxes for the Keeyask Project 

as reservoir clearing will be undertaken prior to inundation. 

Due to the lack of pertinent published information regarding metal fluxes from flooded peat, estimated 

metal benthic flux rates could only be compared to published rates of total mercury fluxes, for which 

there is comparatively more information. Estimated flux rates for total mercury for the Keeyask flooded 

peat fell within the ranges reported from whole-lake flooding experiments at the Experimental Lakes 

Area (ELA; Table 2F-4). Although the estimated range was somewhat higher than the range reported for 

Lake 979, the range was very similar to that reported from the studies of flooded upland forests 

(FLUDEX) studies.  

It is expected that benthic fluxes will vary over the year and likely spatially according to varying chemical 

conditions and variations in peat chemistry. Peat will decompose throughout the year but as the process 

is biological, decomposition rates would be expected to be greater in the open water season under higher 

temperatures. In addition, anoxic conditions which are likely to develop in nearshore areas in winter will 

prevent or reduce aerobic decay processes. Conversely, nutrients and some metals (such as iron) may be 

released at a greater rate if the sediment-water interface is anoxic due to anaerobic decomposition 

processes and/or due to release of phosphorus or iron from oxides, hydroxides, and oxyhydroxides. As 

this is expected to occur in some nearshore areas in winter, nutrient release rates may be substantive, 

albeit through different processes, in the ice-cover season. Therefore, it is expected that fluxes will occur 

throughout the year. However, nutrients are of the greatest significance in the growing season when 

primary productivity is typically greatest. Therefore, benthic nutrient flux rates related to decomposition 

of flooded organic materials were applied to the open water season (184-day period). For consistency, the 

same rates of decomposition (i.e., flux rates) were applied for estimating the effects of flooding on metals 

in surface water. 

Estimates of daily nutrient/metal flux rates were used in conjunction with the areas of flooded peat and 

total water volumes within each peat transport zone to estimate the resultant nutrient concentrations in 

the water column. This mass-balance approach assumes that nutrients/metals released from the peat 

would be fully mixed within the total volume of each peat zone.  

The other pertinent variable considered for the mass-balance modelling was water residence time. As 

water residence times of various portions of the reservoir will be quite variable (hours to weeks; see 

PSEV, Section 4), nutrients would be expected to accumulate in areas with low mixing and high water 

residence times but would be rapidly flushed from other areas. Residence times of the riverine portions 

of the reservoir range from minutes to approximately two days (PS EV, Section 4). For these areas, 

concentrations can be reasonably approximated as those that would accumulate after 1–2 days of nutrient 

releases from flooded peat. In the interest of being conservative, the modelling assumed that 

nutrients/metals would accumulate in these areas for a 2-day period. In reality, flushing rates would be 

more rapid resulting in less accumulation and therefore, lower concentrations.  

For the other areas of the reservoir where water residence times are high and mixing is poor, more 

substantive accumulation of nutrients/metals over time would be expected. Actual water residence times 

of each of the peat zones are not known. However, modelling of water residence times for a 

representative peat zone (Zone 11) indicated that the majority of the zone will have a residence time of 
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less than 30 days, and areas close to the mainstem of the Nelson River would have very short residence 

times (see PS EV, Section 4). Again, to be conservative, mass-balance modelling was also conducted for 

these isolated peat zones (Zones 4-13) assuming nutrients released each day accumulated for a 30-day 

period.  

Predicted changes in metals and nutrients in water due to flooding were generated using mean and 

maximum background water quality conditions, as defined by data collected in the Keeyask area during 

the environmental studies. As for the peatland disintegration pathway, the exception was for mercury; the 

mean reported by Kirk and St. Louis (2009) and the mean measured in the study area in 2011 were 

applied for this parameter (see Section 2F.2.1 for additional details). 

2F.3 RESULTS AND DISCUSSION 

Results of the mass-balance modelling are discussed below and include comparisons to Manitoba Water 

Quality Standards, Objectives and Guidelines (MWQSOGs; MWS 2011) and the CCME water quality 

guidelines (CCME 1999; updated to 2012).    

2F.3.1 NUTRIENTS 

2F.3.1.1 Organic Total Suspended Solids Pathway 

Table 2F-5 and Table 2F-6 present the mass-balance modelling results for TP and TN, respectively, for 

each peat transport zone based on the predicted increases in organic TSS for Year 1 of operation.  

As indicated in Table 2F-1, for Year 1 (when effects to organic TSS are predicted to be greatest) the 

estimated increases in TP due to organic TSS are small along the main flow of the river (peat zones 1–3), 

ranging from 0-0.001 mg/L. Larger increases are predicted for peat transport zones 5 and 13, where 

increases may range from 0-0.010 mg/L.  

Similarly, TN increases are estimated to be relatively small for peat zones 1–3 and 5 (increases of less 

than or equal to 5% above background). Estimated increases in the remaining peat zones are notably 

higher, where increases may range upwards of 56% (peat transport zone 8) above background (based on 

mean background concentrations).  

The aforementioned organic TSS predictions provide an indication of the order of magnitude changes 

that may occur if peat disintegration were a uniform process occurring over the open water season. 

However, disintegration may be more episodic and could therefore result in larger increases in organic 

TSS and associated elements during shorter-term events. Additionally, settled peat may be resuspended in 

the nearshore areas and/or settling rates of suspended organic TSS may be increased by wind or wave 

action. Therefore, episodic erosion/disintegration and/or resuspension events may cause larger short-

term increases in nutrients and other particulates. 
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2F.3.1.2 Flooded Peat Pathway 

The results of the mass-balance modelling for TP and TN due to flooding in the Keeyask reservoir by 

peat transport zone for Year 1 of operation are presented in Table 2F-7. For areas where water residence 

times are short and mixing is extensive (i.e., the mainstem of the reservoir), it is expected that nutrients 

released from peat would be rapidly mixed and flushed out of the reservoir. Therefore, peat transport 

zones 1–3 and some areas of each of the more isolated peat zones will be rapidly flushed and estimated 

increases in nutrient concentrations due to flooding would not be detectable (i.e., less than or equal to 

0.001 mg/L TP and less than 0.01–0.02 mg/L TN).  

Effects of flooding in the backbays of the Keeyask reservoir (i.e., peat zones 4–5 and 7–13) are expected 

to be greater than the mainstem of the reservoir due to smaller water volumes, higher water residence 

times, and a greater proportion of flooded terrestrial habitat, with subsequent accumulation of nutrients 

in the water column. While the water residence times within each peat transport zone may be highly 

variable, the water residence time of various parcels of water in a representative peat transport zone 

(Zone 11) were estimated to be largely less than 30 days (PE SV, Section 4). Assuming nutrients 

accumulated in peat zones 4–5 and 7–13 for up to 30 days, concentrations of TP and TN were estimated 

to increase notably relative to existing concentrations (Table 2F-7). Using the mean benthic flux rates, as 

described in Section 2F.2.2, estimated increases in TP range from approximately 40% to 100% above 

background across these peat zones. In terms of absolute concentrations, TP may increase from the 

current mean of 0.039 mg/L to as high as 0.080 mg/L from this pathway. Similarly, TN may increase by 

approximately 70% to 180% above background, representing increases from the current mean 

concentration of 0.5 mg/L to a concentration as high as 1.4 mg/L. The greatest effects due to flooding 

are predicted in zone 4 where the ratio of flooded peat to total water volume is the highest. 

It is anticipated that benthic flux rates will vary over the year and likely spatially according to varying 

chemical conditions and variations in peat chemistry. As noted previously, these estimates are based on 

„average‟ conditions that may occur throughout each peat zone; however, it is anticipated that 

concentrations will vary across the peat zones, being highest nearshore and decreasing with increasing 

depth. As such, increases may be higher than the averages indicated in the nearshore areas where dilution 

would be lower and residence times may be higher. 

2F.3.2 METALS 

2F.3.2.1 Organic Total Suspended Solids Pathway 

Effects of Project operation on metals related to peatland disintegration will vary over time, both across 

years (as peatland disintegration processes are diminished over the Project operation period) as well as 

within a given year (as the processes may be episodic). However, to provide some indication of the 

magnitude of the potential increases in total metals that may occur on average (assuming a uniform 

process of disintegration) mass-balance modelling was undertaken. The results of this modelling (i.e., 

average mass-balance conditions assuming uniform introduction of organic TSS over the open water 
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season and fully mixed conditions), are presented in Table 2F-8 for Year 1 of operation. Modelling results 

indicate the following: 

 The increase for most metals, including, arsenic, antimony, beryllium, bismuth, cadmium, chromium, 

cobalt, copper, lead, molybdenum, nickel, silver, selenium, tin, uranium, vanadium, zinc, and mercury 

(strong acid extractable) would be less than 1 μg/L in each of the peat transport zones.  

 Mean baseline concentrations of antimony, beryllium, bismuth, chromium, selenium, and zinc were 

less than the DLs for water and peatland disintegration is not predicted to result in exceedances of 

these DLs; 

 Estimated increases for all metals, including major cations (calcium, magnesium, potassium, and 

sodium), are not expected to be detectable (i.e., predicted increases are less than the analytical DLs) 

along the mainstem of the reservoir (peat transport zones 1–3); 

 Effects for most metals are also expected to be relatively small (generally less than or equal to 5% 

increase above background under mean and maximum background conditions) in the bays located 

off of the main flow (peat zones 5, and 7–13); 

 Increases of greater than 5% relative to mean or maximum background concentrations are predicted 

for cadmium, lead, manganese, mercury, uranium, and bismuth in some of the bays located off of the 

main flow, most notably peat transport zones 8 and 11; 

 Peatland disintegration in Year 1 of operation may cause or contribute to exceedances in water 

quality objectives or guidelines for the protection of aquatic life (PAL; MWS 2011) for several metals 

as follows: 

o Aluminum: aluminum is currently well above the MB and CCME PAL water quality guideline 

(0.1 mg/L) in the study area (mean and maximum at site NR-2: 1.5 mg/L and 2.53 mg/L 

respectively) and peatland disintegration/erosion may increase the magnitude of these 

exceedances; 

o Iron: like aluminum, iron is well above the MB and CCME PAL water quality guideline 

(0.3 mg/L) in the study area (mean and maximum at site NR-2: 1.12 mg/L and 1.66 mg/L 

respectively) and peatland disintegration/erosion may increase the magnitude of these 

exceedances; 

o Selenium: selenium is occasionally detected in surface water samples in the study area. As the 

analytical DL is at the MB and CCME PAL water quality guideline (0.001 mg/L), selenium is at 

or above this guideline when detected. Peatland disintegration may cause or contribute to 

exceedances of selenium with the Project; 

o Silver: silver is occasionally detected in surface water samples in the study area. As the DL is at 

the MB and CCME PAL water quality guideline (0.0001 mg/L), silver is at or above this 

guideline when detected and peatland disintegration may cause or contribute to exceedances with 

the Project; and 
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o Arsenic, chromium, mercury, molybdenum, nickel, lead, and uranium), are currently within 

MWQSOG and CCME PAL objectives/guidelines in the Keeyask area and peatland 

disintegration is not expected to increase concentrations above these objectives or guidelines. 

 Cadmium, copper, and zinc measured in the Keeyask area were occasionally above the CCME PAL 

guidelines (which are lower than MWQSOGs) and increases in organic TSS may cause or contribute 

to exceedances of CCME guidelines for these metals. It is predicted that the Project operation will 

not result in exceedances of the MWQSOGs for PAL for cadmium, copper, and zinc; 

 Peatland disintegration is not expected to cause or contribute to exceedances of drinking water 

quality guidelines, with the exception of iron. As iron is currently well above the Manitoba and 

CCME aesthetic drinking water quality objective (0.3 mg/L), any increases will contribute to the 

magnitude of the exceedances; and 

 As peatland disintegration will decrease sharply after Year 1, effects of this pathway on metals would 

also decrease after Year 1. 

2F.3.2.2 Flooded Peat Pathway 

Similar to the modelling undertaken for particulate metals associated with peatland disintegration, a mass-

balance modelling approach was used to derive estimates of the potential order of magnitude changes in 

metals in surface waters that might occur due to leaching and decomposition of flooded peat. The results 

of the mass-balance modelling for total metals due to flooding in the Keeyask reservoir by peat transport 

zone for the initial years of operation are presented in Table 2F-8. The following is an overview of the 

results of this modelling exercise: 

 In general, flooding would result in similar general effects and spatial trends for metals in surface 

waters as described above in relation to the organic TSS pathway; 

 The increase for most metals, including antimony, arsenic, beryllium, bismuth, cadmium, chromium, 

copper, lead, molybdenum, nickel, silver, selenium, tin, uranium, vanadium, and mercury (strong acid 

extractable), would be less than 1 μg/L in each of the peat transport zones;  

 The predicted increases in concentrations of antimony, arsenic, beryllium, bismuth, chromium, 

cobalt, copper, molybdenum, nickel, selenium, silver, tin, vanadium, and zinc, are less than laboratory 

analytical DLs for water; 

 Estimated increases for all metals, including major cations (calcium, magnesium, potassium, and 

sodium), are not expected to be detectable along the mainstem of the reservoir (peat zones 1–3); 

 Increases in some metals may be detectable in zones off of the main flow of the reservoir; 

 Effects are expected to be greatest in zones 4, 8, and 9 where the ratio of flooded peat: water volume 

is highest;  
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 As discussed for the organic TSS pathway, leaching and decomposition of flooded peat may cause or 

contribute to exceedances in MB and CCME PAL water quality guidelines for aluminum, iron, 

selenium and silver; 

 Arsenic, chromium, mercury, molybdenum, nickel, lead, and uranium are currently within 

MWQSOG and CCME PAL objectives/guidelines in the Keeyask area and flooding is not expected 

to increase concentrations above these objectives or guidelines; 

 Cadmium, copper, and zinc measured in the Keeyask area were occasionally above the CCME PAL 

guidelines (which are lower than MWQSOGs) and flooding may cause or contribute to exceedances 

of CCME guidelines for these metals. It is predicted that the Project operation will not result in 

exceedances of the MWQSOGs for PAL for cadmium, copper, and zinc; 

 Flooding is not expected to cause or contribute to exceedances of drinking water quality guidelines, 

with the exception of iron. As iron is currently well above the aesthetic drinking water quality 

objective (0.3 mg/L), any increases will contribute to the magnitude of the exceedances; and 

 As leaching and decomposition of labile carbon will decrease over time, effects of this pathway on 

metals would decrease over the operation period. 
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Table 2F-1: Summary of estimated organic total suspended solids (TSS) concentrations 

for each peat transport zone in the Keeyask Reservoir: Years 1, 2, and 5 of 

operation.   

Peat Transport Zone 
Organic TSS (mg/L) 

Year 1 Year 2 Year 5 

1 1 <1 <1 

2 2 1 <1 

3 <1 <1 <1 

5 2 1 <1 

7 10 2 <1 

8 21 3 1 

9 8 1 <1 

10 4 3 1 

11 15 1 <1 

12 9 4 1 

13 3 1 <1 
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Table 2F-2: Compilation of benthic nutrient flux rates from the scientific literature and rates estimated for the flooded 

area of the Keeyask reservoir 

Parameter Waterbody Area/Site 
Sediment 

Description 

Benthic Flux 

(g/m2/day) 

Nutrient Content of 

Sediments (μg/g d.w.) 
Description Site Description Comments Source 

Phosphorus          

OrthoP Lake Coeur 
d'Alene, Idaho 

Mica Bay detrital 0.00014 (with DO); 
0.00041 (no DO) 

 Sediment core 
incubations 

No peat  Kuwabara et 
al. (2000) 

  Main Channel downstream 
of mining 
impacts 

0.00025 (with DO); 
0.00039 (no DO) 

 Sediment core 
incubations 

No peat   

Dissolved 
reactive 
phosphorus 
(reported as P) 

Water 
Conservation 
Area 2A; 
Florida 
Everglades 

Sites near 
agricultural 
inflow 

 0.0015–0.0065 TP: 1205–1552 μg/g; TN: 
27000–29600 μg/g 

Sediment core 
incubations 

Vegetated peat 
marsh; affected 
by agriculture 

Floodwater 
conditions - 
aerobic 

Fisher and 
Reddy (2001) 

Dissolved 
reactive 
phosphorus 
(reported as P) 

Lake 
Okeechobee, 
Florida 

Peat Low P 0.00212 TP: 243 μg/g; TN: 28000 
μg/g; TOC: 437000 μg/g 

Sediment Core 
incubations 

Shallow eutrophic 
subtropical Lake 

14 day 
incubation; 
water 
temperature 
27°C 

Fisher et al. 
(2005) 

  Sand  0.00037–0.00101 TP: 40–103 μg/g; TN: 
100–200 μg/g; TOC: 
1200–5500 μg/g 

Sediment Core 
incubations 

 14 day 
incubation; 
water 
temperature 
27°C 

 

  Mud  0.00051  TP: 958 μg/g; TN: 6800 
μg/g; TOC: 104500 μg/g 

Sediment Core 
incubations 

 14 day 
incubation; 
water 
temperature 
27°C 

 

Dissolved 
reactive 
phosphorus 
(reported as P) 

Water 
Conservation 
Area 2A; 
Florida 
Everglades 

> 4 km from 
agricultural 
inflows 

 0.0013–0.0035 TP: 479–989 μg/g; TN: 
27400–30000 μg/g 

Sediment core 
incubations 

Vegetated peat 
marsh; affected 
by agriculture 

Floodwater 
conditions - 
anaerobic 

Fisher and 
Reddy (2001) 

  Sites near 
agricultural 
inflow 

 0.0029–0.0050 TP: 1205–1552 μg/g; TN: 
27000–29600 μg/g 

Sediment core 
incubations 

Vegetated peat 
marsh; affected 
by agriculture 

Floodwater 
conditions - 
anaerobic 
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Table 2F-2: Compilation of benthic nutrient flux rates from the scientific literature and rates estimated for the flooded 

area of the Keeyask reservoir 

Parameter Waterbody Area/Site 
Sediment 

Description 

Benthic Flux 

(g/m2/day) 

Nutrient Content of 

Sediments (μg/g d.w.) 
Description Site Description Comments Source 

Dissolved 

reactive 

phosphorus 

(reported as 

P) 

Water 

Conservation 

Area 2A; 

Florida 

Everglades 

Sites near 

agricultural 

inflow 

 0.00028–0.0015 TP: 479–989 μg/g; TN: 

27400–30000 μg/g 

Sediment 

core 

incubations 

Vegetated peat 

marsh; 

affected by 

agriculture 

Floodwater 

conditions 

- anaerobic 

then 

aerobic 

Fisher and 

Reddy 

(2001) 

  > 4 km 

from 

agricultural 

inflows 

 0.00011–0.00022 TP: 1205–1552 μg/g; 

TN: 27000–29600 μg/g 

Sediment 

core 

incubations 

Vegetated peat 

marsh; 

affected by 

agriculture 

Floodwater 

conditions 

- anaerobic 

then 

aerobic 

 

  Sites near 

agricultural 

inflow 

 0.00132–0.00326 TP: 479–989 μg/g; TN: 

27400–30000 μg/g 

Sediment 

core 

incubations 

Vegetated peat 

marsh; 

affected by 

agriculture 

Samples 

dried then 

reflooded 

(60 days) 

 

  > 4 km 

from 

agricultural 

inflows 

 0.000003–0.00175 TP: 1205–1552 μg/g; 

TN: 27000–29600 μg/g 

Sediment 

core 

incubations 

Vegetated peat 

marsh; 

affected by 

agriculture 

Samples 

dried then 

reflooded 

(60 days) 

 

Soluble 

reactive 

phosphorus 

Wood River 

Wetland, 

Oregon 

Wetland 

Sites 

Not Given 0.072 previously agricultural Benthic 

Chambers 

Restored 

wetland - 5 

years after re-

flooding 

June: Low 

DO 

Duff et al. 

(2009) 

    0.0192 previously agricultural   August: 

widely 

fluctuating 

DO 
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Table 2F-2: Compilation of benthic nutrient flux rates from the scientific literature and rates estimated for the flooded 

area of the Keeyask reservoir 

Parameter Waterbody Area/Site 
Sediment 

Description 

Benthic Flux 

(g/m2/day) 

Nutrient Content of 

Sediments (μg/g d.w.) 
Description Site Description Comments Source 

P Wetland 

(recently 

restored), 

Williamson 

River Delta, 

Oregon 

Soils in 

recently 

flooded 

wetland 

Peat in 

these 

samples 

0.007–0.064 Agricultural lands Sediment 

Cores 

Flooded 

wetland - 4 

months after 

reflooding; all 

areas were 

agriculturalized 

 Aldous et 

al. (2007) 

   Mineral soil 0.018 Agricultural lands     

P Smallwood 

Reservoir, 

Labrador 

  0.0043   Not cleared 

prior to 

flooding 

 Grimard 

and Jones 

(1982) 

P Laboratory 

simulation 

using 

peat/sandy 

soils from the 

Dnieper River 

plain 

Laboratory Peaty/sandy 0.00005–0.00008  Laboratory 

simulation; 

corrected for 

average water 

temperature of 

5–7°C 

 Values 

calculated 

from 

information 

presented in 

Grimard and 

Jones (1982) 

Maystrenko 

and Denisova 

(1972) In: 

Grimard and 

Jones (1982) 

P  ELARP flooded 

peatland 

Boreal Forest Peat 0.0008  Estimated from 

C losses over 

first 2 years of 

flooding 

 Calculated in 

this study 

From Kelly et 

al. (1997) 

P  ELARP flooded 

peatland 

Boreal Forest Peat 0.0016  Estimated from 

C losses in 

Year 10 post-

flood 

 Calculated in 

this study 

From Saquet 

(2003) 
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Table 2F-2: Compilation of benthic nutrient flux rates from the scientific literature and rates estimated for the flooded 

area of the Keeyask reservoir 

Parameter Waterbody Area/Site 
Sediment 

Description 

Benthic Flux 

(g/m2/day) 

Nutrient Content of 

Sediments (μg/g d.w.) 
Description Site Description Comments Source 

Nitrogen          

TN Lake Coeur 

d'Alene, Idaho 

Mica Bay Detrital 0.0027 (with DO); 

0.0009 (no DO) 

 Sediment core 

incubations 

No peat  Kuwabara et 

al. (2000) 

  Main Channel Downstream 

of mining 

impacts 

0.0015 (with DO); 

0.00074 (no DO) 

 Sediment core 

incubations 

No peat   

TN ELARP flooded 

peatland 

Boreal Forest Peat 0.018  Estimated from 

C losses over 

first 2 years of 

flooding 

 Calculated in 

this study 

From Kelly et 

al. (1997) 

TN ELARP flooded 

peatland 

Boreal Forest Peat 0.036  Estimated from 

C losses in 

Year 10 post-

flood 

 Calculated in 

this study 

From Saquet 

(2003) 

TP = total phosphorus, TN = total nitrogen, TOC = total organic carbon, P = phosphorus, DO = dissolved oxygen, ELARP = Experimental Lakes Area Reservoir Project 
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Table 2F-3: Compilation of nutrient flux rates from peatlands and peat mining areas 

Parameter  
Flux Rate 

(g/m2/day) 

Nutrient 
Content 

(μg/g d.w.) 
Description Peatland Type 

Leached or 
All 
(Including 
TSS) 

Comments Source 

Total 
phosphorus 

Mean 0.00033 500–1500 Natural mires Carex and 
Sphagnum - 
similar fluxes 

Both  Sallantaus (1983 In 
Svahnback 2007) 

 Minimum 0.00005 500–1500   Both   

 Maximum 0.00068 500–1500   Both   

 Mean 0.00033  Mustakeidas mine  Leaching Runoff water; 30% from 
winter months 

Sallantaus (1983 In 
Svahnback 2007) 

 Mean 0.00016  Koihnanneva mine  Leaching Runoff water; 30% from 
winter months 

 

 Mean Annual 
Leaching: Minimum 
of Range 

0.00003  Means of 5 peat 
production areas 

 Leaching Leaching rates  

 Mean Annual 
Leaching: Maximum 
of Range 

0.00010  Means of 5 peat 
production areas 

 Leaching Leaching rates  

 Mean Annual 
Leaching: Mean of 
Range 

0.00007  Means of 5 peat 
production areas 

 Leaching Leaching rates  

 Annual Mean 0.00006  Peat mine Carex Leaching Leaching rates Klove (1997 In 
Svahnback 2007) 

         

Total 
nitrogen 

Minimum 0.00137 5000–60000 Peat production site NI Leaching Rates based on runoff Svahnback (2007) 

 Maximum 0.02466       

 Minimum 0.00205  Peat production site  Leaching "Leached TN" from April-
October; 50-70% in inorganic 
forms 

Sallantaus (1983 In 
Svahnback 2007) 

 Maximum 0.00301       

 Mean 0.0029–0.0041  Peat production site Carex Both  Klove (1997 In 
Svahnback 2007) 

  Mean 0.00219  Peat production site  Both Mean for peat production 
areas in Finland 

Tilastokeskus (1994 In 
Svahnback 2007) 

1.  TSS = total suspended solids. 
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Table 2F-4: Published methylmercury and total mercury benthic flux rates and comparison to estimates for the flooded 

areas of the Keeyask reservoir 

Parameter Waterbody Area/Site 
Sediment 
Description 

Benthic Flux 
(ng/m2/day) 

Mercury Content of 
Sediments (ng/g d.w.) 

Description Comments Source 

Methylmercury FLUDEX Lakes, 
ELA 

High, Moderate, 
and Low Carbon 
reservoirs 

Flooded upland 
forest 

27–122 High C reservoir:  

Total mercury: 3.6–89.1;  

Methylmercury: 0.12–1.13 

First 2 years 
post-flood 

Mercury contents are totals 
for above ground biomass 
and soils. Highest flux from 
medium C reservoir 

Hall et al. 
(2005) 

     Moderate C reservoir:  

Total mercury: 3.6–44.2; 
Methylmercury: <1–15 

   

     Low C reservoir:  

Total mercury:3.6–81.0; 
Methylmercury:<1–16 

   

 Lake 979 ELARP, ON Flooded peatland 5–19 Not provided First 3 years of 
flooding 

 St. Louis et 
al. (2004) 

 Lake 240 ELARP; 
oligotrophic lake 

Oligotrophic 
Lake 

0.01 Not provided   Sellers et al. 
(2001) 

    0.2 Not provided   St. Louis et 
al. (1996) 

 Lake Coeur 
d'Alene, Idaho 

Mica Bay Detrital 5–47 Sediment core incubations No peat  Kuwabara et 
al. (2000) 

   Main Channel downstream of 
mining impacts 

11–47 Sediment core incubations No peat    

Total mercury FLUDEX Lakes, 
ELA 

High, Moderate, 
and Low Carbon 
reservoirs 

Flooded upland 
forest 

60–455 Total mercury: 3.6–89.1; 
Methylmercury: 0.12–1.13 

First 2 years 
post-flood 

Mercury contents are totals 
for above ground biomass 
and soils. Highest flux from 
medium C reservoir 

Hall et al. 
(2005) 

     Total mercury: 3.6–44.2; 
Methylmercury: <1–15 

   

     Total mercury:3.6–81.0; 
Methylmercury:<1–16 

   

 Lake 979 ELARP, ON Flooded 

peatland 

0.8–36 Not provided First 3 years 

of flooding 

 St. Louis et 

al. (2004) 
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Table 2F-4: Published methylmercury and total mercury benthic flux rates and comparison to estimates for the flooded 

areas of the Keeyask reservoir 

Parameter Waterbody Area/Site 
Sediment 
Description 

Benthic Flux 
(ng/m2/day) 

Mercury Content of 
Sediments (ng/g d.w.) 

Description Comments Source 

Total mercury Lake 240 ELARP; 

oligotrophic 

lake 

Oligotrophic 

Lake 

0.8 Not provided   Sellers et 

al. (2001) 

 Lake Coeur 

d'Alene, Idaho 

Mica Bay Detrital 356-4,575 Sediment core 

incubations 

No peat  Kuwabara 

et al. 

(2000) 

  Main Channel Downstream of 

mining impacts 

3,863-147,12 Sediment core incubations No peat   

 Keeyask 

Reservoir 

Estimates 

 Peat 206-404 111   Estimates 

from this 

study 

ELARP = Experimental Lakes Area Reservoir Project, FLUDEX = Flooded Upland Dynamics Experiment 
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Table 2F-5: Estimated increases in total phosphorus (TP) based on (A) mean and 

(B) maximum background TP concentrations in the peat transport 

zones of the reservoir associated with increases in organic total 

suspended solids (TSS): Year 1 

 

Peat Zone 

TP (mg/L) 

 

Increase in 

TP 

Mean 

Background 

TP 

Background + Organic 

TSS 

% Increase Above 

Background 

(A) 1 0.000 0.039 0.039 1.2 

 2 0.001 0.039 0.040 2.3 

 3 0.000 0.039 0.039 1.2 

 4 Not Modelled 0.039 - - 

 5 0.001 0.039 0.040 2.3 

 7 0.005 0.039 0.044 11.7 

 8 0.010 0.039 0.049 24.6 

 9 0.004 0.039 0.043 9.4 

 10 0.002 0.039 0.041 4.7 

 11 0.007 0.039 0.046 17.5 

 12 0.004 0.039 0.043 10.5 

 13 0.001 0.039 0.040 3.5 

(B) 1 0.000 0.061 0.061 0.7 

 2 0.001 0.061 0.062 1.5 

 3 0.000 0.061 0.061 0.7 

 4 Not Modelled 0.061 - - 

 5 0.001 0.061 0.062 1.5 

 7 0.005 0.061 0.066 7.5 

 8 0.010 0.061 0.071 15.7 

 9 0.004 0.061 0.065 6.0 

 10 0.002 0.061 0.063 3.0 

 11 0.007 0.061 0.068 11.2 

 12 0.004 0.061 0.065 6.7 

 13 0.001 0.061 0.062 2.2 
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Table 2F-6: Estimated increases in total nitrogen (TN) based on (A) mean and (B) 

maximum background TN concentrations in the peat transport zones of 

the reservoir associated with increases in organic total suspended 

solids (TSS): Year 1 

 

Peat Zone 

TN (mg/L) 

 
Increase in 

TN 

Mean 

Background 

TN 

Background + Organic 

TSS 

% Increase Above 

Background 

(A) 1 0.013 0.5 0.513 3 

 2 0.027 0.5 0.527 5 

 3 0.013 0.5 0.513 3 

 4 Not Modelled 0.5 - - 

 5 0.027 0.5 0.527 5 

 7 0.134 0.5 0.634 27 

 8 0.282 0.5 0.782 56 

 9 0.107 0.5 0.607 21 

 10 0.054 0.5 0.554 11 

 11 0.201 0.5 0.701 40 

 12 0.121 0.5 0.621 24 

 13 0.040 0.5 0.540 8 

(B) 1 0.013 0.8 0.813 2 

 2 0.027 0.8 0.827 3 

 3 0.013 0.8 0.813 2 

 4 Not Modelled 0.8 - - 

 5 0.027 0.8 0.827 3 

 7 0.134 0.8 0.934 17 

 8 0.282 0.8 1.082 35 

 9 0.107 0.8 0.907 13 

 10 0.054 0.8 0.854 7 

 11 0.201 0.8 1.001 25 

 12 0.121 0.8 0.921 15 

 13 0.040 0.8 0.840 5 
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Table 2F-7: Estimated mass-balance concentrations of (A) total phosphorus (TP) and (B) total nitrogen (TN) in the 

Keeyask reservoir due to leaching and decomposition of flooded peat in the initial years of operation. 

Estimates are presented as ranges based on the ranges of carbon losses estimated by Saquet (2003) and Kelly 

et al. (1997) for ELA flooding studies 

(A) 
Peat Transport 

Zone 

Estimated increase in TP (mg/L)  
Estimated increase in TP (mg/L) 

including background TP 
 

Estimated percent increase in TP (%) 

above background 

 
2 Days of 

accumulation 

30 Days of 

accumulation 
 

2 Days of 

accumulation 

30 Days of 

accumulation 
 

2 Days of 

accumulation 

30 Days of 

accumulation 

 1 0.0006–0.0012 -  0.040 -  1.6–3.1 - 

 2 0.0007–0.0013 -  0.040 -  1.7–3.4 - 

 3 0.0003–0.0007 -  0.039–0.040 -  <1–1.7 - 

 4 - 0.027–0.055  - 0.066–0.094  - 70–140 

 5 - 0.011–0.021  - 0.050–0.060  - 27–55 

 7 - 0.010–0.019  - 0.049–0.058  - 25–49 

 8 - 0.014–0.027  - 0.053–0.066  - 35–70 

 9 - 0.012–0.025  - 0.051–0.064  - 32–64 

 10 - 0.010–0.021  - 0.049–0.060  - 26–53 

 11 - 0.011–0.022  - 0.050–0.061  - 28–56 

 12 - 0.010–0.019  - 0.049–0.058  - 25–49 

 13 - 0.010–0.021  - 0.049–0.060  - 27–53 
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Table 2F-7: Estimated mass-balance concentrations of (A) total phosphorus (TP) and (B) total nitrogen (TN) in the 

Keeyask reservoir due to leaching and decomposition of flooded peat in the initial years of operation. 

Estimates are presented as ranges based on the ranges of carbon losses estimated by Saquet (2003) and Kelly 

et al. (1997) for ELA flooding studies 

(B) 
Peat Transport 

Zone 

 

Estimated increase in TN (mg/L)  
Estimated increase in TN (mg/L) including 

background TN 
 

Estimated percent increase in TN (%) 

above background 

 
2 Days of 

accumulation 

30 Days of 

accumulation 
 2 Days of accumulation 

30 Days of 

accumulation 
 2 Days of accumulation 

30 Days of 

accumulation 

 1 0.01–0.03 -  0.5 -  3–5 - 

 2 0.02–0.03 -  0.5 -  3–6 - 

 3 0.01–0.02 -  0.5 -  2–3 - 

 4 - 0.6–1.2  - 1.1–1.7  - 126–254 

 5 - 0.2–0.5  - 0.7–1.0  - 50–96 

 7 - 0.2–0.4  - 0.7–0.9  - 45–87 

 8 - 0.3–0.6  - 0.8–1.1  - 64–124 

 9 - 0.3–0.6  - 0.8–1.1  - 58–112 

 10 - 0.2–0.5  - 0.7–1.0  - 47–92 

 11 - 0.3–0.5  - 0.8–1.0  - 51–99 

 12 - 0.2–0.4  - 0.7–0.9  - 44–87 

 13 - 0.2–0.5  - 0.7–1.0  - 48–93 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2F-24 

Table 2F-8: Summary of estimated changes in concentrations of metals associated with organic total suspended solids and comparison to Manitoba Water Quality Standards, Objectives and Guidelines 

(MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) guidelines for the Protection of Aquatic Life (PAL) and Drinking Water (DW). Values represent the estimated 

concentrations under mean and maximum (Max) background (BG) concentrations of metals measured in the Nelson River near Gull Lake in the open water seasons of 2001-2004. Values in red 

indicate measurements that exceeded the associated guidelines indicated in red  

Peat 

Transport 

Zone  

Estimated metal concentrations (mg/L) 

Aluminum Antimony Arsenic Barium Cadmium Chromium Copper Iron Lead 

Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG 

Background 

Concentration 

 

1.50 2.53 <0.001 <0.001 0.0013 0.0025 0.0389 0.0456 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

                    1 

 

1.50 2.53 <0.001 <0.001 0.0013 0.0025 0.0389 0.0456 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

2 

 

1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0390 0.0457 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

3 

 

1.50 2.53 <0.001 <0.001 0.0013 0.0025 0.0389 0.0456 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

5 

 

1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0390 0.0457 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

7 

 

1.53 2.56 <0.001 <0.001 0.0013 0.0025 0.0394 0.0461 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.14 1.68 0.0007 0.0014 

8 

 

1.56 2.59 <0.001 <0.001 0.0013 0.0025 0.0399 0.0466 0.00003 0.00010 <0.002 0.003 0.003 0.007 1.16 1.70 0.0008 0.0015 

9 

 

1.52 2.55 <0.001 <0.001 0.0013 0.0025 0.0393 0.0460 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.14 1.68 0.0007 0.0014 

10 

 

1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0391 0.0458 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.13 1.67 0.0007 0.0014 

11 

 

1.54 2.57 <0.001 <0.001 0.0013 0.0025 0.0396 0.0463 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.15 1.69 0.0008 0.0015 

12 

 

1.53 2.56 <0.001 <0.001 0.0013 0.0025 0.0393 0.0460 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.14 1.68 0.0007 0.0014 

13 

 

1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0390 0.0457 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.13 1.67 0.0007 0.0014 

MWQSOG PAL 
 

0.100 - - - - - - 0.300 - 

 

PAL - 4-

day 
- - 0.150 - 0.0027 0.0031 0.094 0.110 0.010 0.012 - 0.004 0.005 

 

PAL - 1-

hour 
- - 0.340 - 0.0051 0.0063 1.964 2.291 0.015 0.018 - 0.093 0.119 

CCME PAL 
 

0.100 - 0.005 - 0.000037 0.000043 0.0089 0.0026 0.003 0.300 0.004 0.005 

MWQSOGs/CC

ME DW 
MAC - 0.006 0.010 1.000 0.005 0.050 - - 0.010 

 
AO - - - - - - 1.000 0.300 - 
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Table 2F-8: Summary of estimated changes in concentrations of metals associated with organic total suspended solids and comparison to Manitoba Water Quality Standards, Objectives and Guidelines 

(MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) guidelines for the Protection of Aquatic Life (PAL) and Drinking Water (DW). Values represent the estimated 

concentrations under mean and maximum (Max) background (BG) concentrations of metals measured in the Nelson River near Gull Lake in the open water seasons of 2001-2004. Values in red 

indicate measurements that exceeded the associated guidelines indicated in red 

Peat Transport 
Zone 

 
Estimated metal concentrations (mg/L) 

 
Manganese Mercury 1 Mercury 2 Molybdenum Nickel Selenium Silver Sodium Uranium Zinc 

 
Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG 

Background 
Concentration  

0.0231 0.0314 0.00000088 0.0000005 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

                    
1 

 
0.0232 0.032 0.00000099 0.0000006 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

2 
 

0.0233 0.032 0.00000110 0.0000007 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

3 
 

0.0232 0.032 0.00000099 0.0000006 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

5 
 

0.0233 0.032 0.00000110 0.0000007 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

7 
 

0.0242 0.032 0.00000199 0.0000016 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.44 18.11 0.0006 0.0008 <0.02 0.07 

8 
 

0.0254 0.034 0.00000321 0.0000028 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.44 18.11 0.0007 0.0009 <0.02 0.07 

9 
 

0.0240 0.032 0.00000177 0.0000014 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0006 0.0008 <0.02 0.07 

10 
 

0.0235 0.032 0.00000132 0.0000009 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

11 
 

0.0247 0.033 0.00000255 0.0000022 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.44 18.11 0.0006 0.0008 <0.02 0.07 

12 
 

0.0241 0.032 0.00000188 0.0000015 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0006 0.0008 <0.02 0.07 

13 
 

0.0234 0.032 0.00000121 0.0000008 0.0008 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

MWQSOG PAL 
 

- 
0.000026 (inorganic); 

0.000004 (methylmercury) 
0.073 - 0.001 0.0001 - 0.015 3 - 

 
PAL - 4-day - - - 0.057 0.067 - - - - 0.13 0.15 

 
PAL - 1-hour - - - 0.512 0.601 - - - - 0.13 0.15 

CCME PAL 
 

- 
0.000026 (inorganic); 

0.000004 (methylmercury) 
0.073 0.104 0.119 0.001 0.0001 - 0.015 3 0.03 

MWQSOGs/CCME 
DW 

MAC - 0.001 - - 0.010 - - 0.020 - 

 
AO 0.050 - - - - - 200 - 5 

MAC = maximum acceptable concentration; and AO = aesthetic objective. 
1. Mean value presented in Kirk and St. Louis (2009) for the Limestone GS. 
2. Mean value for samples collected from the study area in fall 2011. 
3. Long-term Manitoba and CCME water quality guideline. 
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Table 2F-9: Summary of estimated changes in concentrations of metals associated with flooding and comparison to Manitoba Water Quality Standards, Objectives and Guidelines (MWQSOGs) and Canadian 

Council of Ministers of the Environment (CCME) guidelines for the Protection of Aquatic Life (PAL) and Drinking Water (DW). Values represent the estimated concentrations under mean and 

maximum (Max) background (BG) concentrations of metals measured in the Nelson River near Gull Lake in the open water seasons of 2001-2004. Values in red indicate measurements that 

exceeded the associated guidelines indicated in red 

Peat Transport Zone 

 
Estimated metal concentrations (mg/L) 

 
Aluminum Antimony Arsenic Barium Cadmium Chromium Copper Iron Lead 

 
Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG 

Background Concentration 
 

1.50 2.53 <0.001 <0.001 0.0013 0.0025 0.0389 0.0456 0.00002 0.00009 <0.002 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

                    
1 

 
1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0390 0.0457 0.00002 0.00009 0.001 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

2 
 

1.51 2.54 <0.001 <0.001 0.0013 0.0025 0.0390 0.0457 0.00002 0.00009 0.001 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

3 
 

1.50 2.53 <0.001 <0.001 0.0013 0.0025 0.0390 0.0457 0.00002 0.00009 0.001 0.003 0.003 0.007 1.12 1.66 0.0007 0.0014 

4 
 

1.77 2.80 <0.001 <0.001 0.0015 0.0027 0.0433 0.0500 0.00005 0.00012 0.001 0.003 0.004 0.008 1.31 1.85 0.0010 0.0017 

5 
 

1.61 2.64 <0.001 <0.001 0.0014 0.0026 0.0406 0.0473 0.00003 0.00010 0.001 0.003 0.003 0.007 1.20 1.74 0.0008 0.0015 

7 
 

1.59 2.62 <0.001 <0.001 0.0014 0.0026 0.0405 0.0472 0.00003 0.00010 0.001 0.003 0.003 0.007 1.19 1.73 0.0008 0.0015 

8 
 

1.64 2.67 <0.001 <0.001 0.0014 0.0026 0.0411 0.0478 0.00003 0.00010 0.001 0.003 0.003 0.007 1.22 1.76 0.0009 0.0016 

9 
 

1.62 2.65 <0.001 <0.001 0.0014 0.0026 0.0409 0.0476 0.00003 0.00010 0.001 0.003 0.003 0.007 1.21 1.75 0.0008 0.0015 

10 
 

1.60 2.63 <0.001 <0.001 0.0014 0.0026 0.0406 0.0473 0.00003 0.00010 0.001 0.003 0.003 0.007 1.19 1.73 0.0008 0.0015 

11 
 

1.61 2.64 <0.001 <0.001 0.0014 0.0026 0.0407 0.0474 0.00003 0.00010 0.001 0.003 0.003 0.007 1.20 1.74 0.0008 0.0015 

12 
 

1.59 2.62 <0.001 <0.001 0.0014 0.0026 0.0405 0.0472 0.00003 0.00010 0.001 0.003 0.003 0.007 1.19 1.73 0.0008 0.0015 

13 
 

1.60 2.63 <0.001 <0.001 0.0014 0.0026 0.0406 0.0473 0.00003 0.00010 0.001 0.003 0.003 0.007 1.19 1.73 0.0008 0.0015 

MWQSOG PAL 
 

0.100 - - - - - - 0.300 - 

 
PAL - 4-day - - 0.150 - 0.0027 0.0031 0.094 0.110 0.010 0.012 - 0.004 0.005 

 
PAL - 1-hour - - 0.340 - 0.0051 0.0063 1.964 2.291 0.015 0.018 - 0.093 0.119 

CCME PAL 
 

0.100 - 0.005 - 0.000037 0.000043 0.0089 0.0026 0.003 0.300 0.0037 0.0046 

MWQSOGs/CCME DW MAC - 0.006 0.010 1.000 0.005 0.050 - - 0.010 

 
AO - - - - - - 1.000 0.300 - 
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Table 2F-9: Summary of estimated changes in concentrations of metals associated with flooding and comparison to Manitoba Water Quality Standards, Objectives and Guidelines (MWQSOGs) and Canadian 

Council of Ministers of the Environment (CCME) guidelines for the Protection of Aquatic Life (PAL) and Drinking Water (DW). Values represent the estimated concentrations under mean and 

maximum (Max) background (BG) concentrations of metals measured in the Nelson River near Gull Lake in the open water seasons of 2001-2004. Values in red indicate measurements that 

exceeded the associated guidelines indicated in red 

Peat Transport Zone 

 
Estimated metal concentrations (mg/L) 

 
Manganese Mercury 1 Mercury 2 Molybdenum Nickel Selenium Silver Sodium Uranium Zinc 

 

 
Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG Mean BG Max BG 

Background 
Concentration  

0.0231 0.0314 0.00000088 0.00000050 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

                    
1 

 
0.0233 0.0316 0.0000011 0.0000008 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

2 
 

0.0233 0.0316 0.0000011 0.0000008 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

3 
 

0.0232 0.0315 0.0000010 0.0000007 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.43 18.10 0.0005 0.0007 <0.02 0.07 

4 
 

0.0333 0.0416 0.0000113 0.0000143 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.48 18.15 0.0014 0.0016 <0.02 0.07 

5 
 

0.0271 0.0354 0.0000050 0.0000059 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0008 0.0010 <0.02 0.07 

7 
 

0.0267 0.0350 0.0000046 0.0000054 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0008 0.0010 <0.02 0.07 

8 
 

0.0282 0.0365 0.0000061 0.0000074 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0009 0.0011 <0.02 0.07 

9 
 

0.0278 0.0361 0.0000056 0.0000068 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0009 0.0011 <0.02 0.07 

10 
 

0.0269 0.0352 0.0000048 0.0000057 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0008 0.0010 <0.02 0.07 

11 
 

0.0272 0.0355 0.0000051 0.0000061 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0009 0.0011 <0.02 0.07 

12 
 

0.0267 0.0350 0.0000045 0.0000054 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0008 0.0010 <0.02 0.07 

13 
 

0.0270 0.0353 0.0000048 0.0000057 0.0006 0.0008 0.003 0.004 <0.001 0.001 0.0001 0.0007 13.45 18.12 0.0008 0.0010 <0.02 0.07 

MWQSOG PAL 
 

- 
0.000026 (inorganic); 

0.000004 (methylmercury) 
0.073 - 0.001 0.0001 - 0.015 3 - 

 
PAL - 4-day - - - 0.057 0.067 - - - - 0.13 0.15 

 
PAL - 1-
hour 

- - - 0.512 0.601 - - - - 0.13 0.15 

CCME PAL 
 

- 
0.000026 (inorganic); 

0.000004 (methylmercury) 
0.073 0.104 0.119 0.001 0.0001 - 0.015 3 0.03 

MWQSOGs/CCME DW MAC - 0.001 - - 0.010 - - 0.020 - 

 
AO 0.050 - - - - - 200 - 5 

MAC = maximum acceptable concentration; and AO = aesthetic objective.  
1. Mean value presented in Kirk and St. Louis (2009) for the Limestone GS. 
2. Mean value for samples collected from the study area in fall 2011. 
3. Long-term Manitoba and CCME water quality guideline. 
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2G.1 EFFECTS ASSESSMENT CRITERIA: WATER 

QUALITY 

Effects of the Project on water quality were described using the general approach described in Section 1. 

The general approach was based on comparison of predicted changes in water quality to MWQSOGs 

(MWS 2011; i.e., is the Project expected to cause an exceedance of a water quality guideline) for PAL. The 

water quality effects assessment also characterizes Project effects in terms of the CCME PAL water 

quality guidelines (CCME 1999; updated to 2012). In addition, the water quality effects assessment 

characterizes effects of the Project on drinking water quality and recreational water quality; however, a 

description of residual effects on these water usages is provided in the Socio-economic Environment 

Supporting Volume. For the AE SV, the magnitude of effects of the Project was based on the 

MWQSOGs and CCME guidelines for the protection of aquatic life as follows: 

 Negligible: effect would not be detectable; 

 Small: effect would not likely be detectable and would remain within water quality guidelines for the 

protection of aquatic life; 

 Moderate: effect marginally beyond quality guidelines for the protection of aquatic life and/or likely 

to be detectable. For clarity, “marginally beyond” is defined here as follows: 

o For water quality variables where short and long-term objectives or guidelines are defined, the 

effect is expected to result in an exceedance of the long-term guideline but is expected to be less 

than the short-term guideline; and 

o For water quality variables with only one guideline specified, the variable is expected to remain 

within 10 times the objective or guideline. 

 Large: effect well beyond water quality guidelines for the protection of aquatic life and likely to be 

readily detectable. “Well beyond” water quality guidelines is defined as a predicted increase beyond 

the short-term objectives or guidelines, where available, or more than 10 times the guidelines where 

no short-term guideline is identified. 

In addition, ecological context was considered where relevant. Specifically, the predicted effects of the 

Project were considered in terms of published scientific literature pertaining to the acute and chronic 

toxicity of certain water quality variables on aquatic biota. Effects were also described in terms of a 

broader regional context to describe predicted effects in terms of the range of water quality conditions 

occurring over a larger area. For water quality variables that are currently well above (iron and aluminum) 

and those that are at or near (cadmium, copper, selenium, silver, and zinc) the MWQSOGs and/or 

CCME guidelines for the protection of aquatic life, the magnitude of effects of the Project on these 

variables were defined as: 

 Negligible: effect would not be detectable; 

 Small: effect would not likely be detectable; 
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 Moderate: effect likely to be detectable but under mean background water quality conditions, effect is 

expected to remain within the current range of concentrations; and 

 Large: effect likely to be readily detectable and under mean background water quality conditions, 

effect is expected to extend beyond the current range of concentrations. 

In addition, TP currently exceeds the Manitoba narrative nutrient guideline at most sites and times across 

the study area. The magnitude of the effects of the Project on TP was determined using the CCME 

phosphorus guidance framework for the management of freshwater systems (CCME 1999; updated to 

2012). The CCME specifies two triggers for assessing and minimizing risk associated with phosphorus 

enrichment: (1) the maintenance of a trophic category, defined on the basis of TP concentrations; and  

(2) an increase less than or equal to 50% above background TP concentrations. Specifically, the 

magnitude of effects of the Project on TP was described using the following criteria: 

 Negligible: effect would not be detectable; 

 Small: effect below the CCME triggers for the management of phosphorus in freshwater systems and 

likely not detectable; 

 Moderate: effect marginally beyond one of the CCME triggers for the management of phosphorus in 

freshwater systems and/or likely to be detectable; and 

 Large: effect well beyond one or both of the CCME triggers for the management of phosphorus in 

freshwater systems and likely to be readily detectable. 

Ecological context was also considered for characterizing the effects of the Project on phosphorus, as the 

ecological relevance of increases in nutrients (i.e., nutrient enrichment) is related to effects on primary 

production (i.e., eutrophication). Specifically, the assessment considered how increases in TP due to the 

Project would be expected to affect primary production, considering other factors that may limit growth 

of aquatic plants and algae (e.g., light and water residence times). 

2G.2 EFFECTS ASSESSMENT CRITERIA: 

SEDIMENT QUALITY 

The magnitude of effects of the Project on sediment quality was described, based on published SQGs 

including MWQSOG (MWS 2011), CCME SQGs (1999; updated to 2012), and Ontario SQGs (Persaud 

et al. 1993), as follows: 

 Negligible: metals are lower in “newly flooded sediments” (i.e., peat that will be flooded) than in 

existing aquatic sediments and below SQGs; 

 Small: concentrations of metals in newly flooded sediments are higher than in existing sediments but 

below sediment quality guidelines; 

 Moderate: concentrations of metals in newly flooded sediment would be above sediment quality 

guidelines (Manitoba SQG or the Ontario LEL) but below the Manitoba PEL or Ontario SEL and 

above the current concentrations in the aquatic sediments; and 
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 Large: concentrations of metals in newly flooded sediment (i.e., peat) would be above the PEL or 

SEL levels AND above the current concentrations in the aquatic sediments. 

2G.3 REFERENCES 
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CCME (Canadian Council of Ministers of the Environment). 1999. Canadian environmental 

quality guidelines. Canadian Council of Ministers of the Environment, Winnipeg, 
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Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

Burntwood River SPL1 Mean 57 69 <20 <10 0.007 0.013 0.4 0.37 0.39 0.020 0.010 0.040 0.030 27 23 4 1 8 8 13 13 

 
SPL1 Median 57 70 <20 <10 0.006 0.011 0.4 0.39 0.41 0.019 0.011 0.039 0.029 27 22 4 1 8 8 13 13 

 
SPL1 Minimum 53 65 <20 <10 <0.002 <0.005 0.2 0.20 0.21 <0.005 0.005 0.029 0.018 15 9 1 0 5 5 12 12 

 
SPL1 Maximum 60 73 <20 <10 0.020 0.026 0.5 0.49 0.53 0.039 0.015 0.054 0.044 38 30 9 3 11 11 15 14 

 
SPL1 SD1 2 2 - - 0.006 0.006 0.1 0.08 0.09 0.011 0.003 0.008 0.008 7 6 3 1 2 1 1 1 

 
SPL1 SE2 1 1 - - 0.001 0.002 0.0 0.02 0.02 0.003 0.001 0.002 0.002 2 1 1 0 0 0 0 0 

 
SPL1 n3 12 12 12 12 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 8 8 

NR u/s Kelsey GS SPL9 Mean 104 127 <0.6 <0.4 0.005 0.006 0.4 0.43 0.44 0.010 0.014 0.034 0.020 41 29 1 1 8 8 - - 

 
SPL9 Median 106 130 <0.6 <0.4 <0.003 <0.005 0.4 0.41 0.42 0.006 0.014 0.034 0.020 40 27 1 0 9 8 - - 

 
SPL9 Minimum 97 119 <0.6 <0.4 <0.003 <0.005 0.4 0.39 0.40 <0.005 0.010 0.028 0.014 34 23 0 0 6 6 - - 

 
SPL9 Maximum 107 131 <0.6 <0.4 0.013 0.011 0.5 0.50 0.51 0.024 0.017 0.041 0.027 50 40 3 1 9 8 - - 

 
SPL9 SD 5 6 - - 0.006 0.004 0.0 0.05 0.05 0.010 0.003 0.006 0.005 8 8 1 1 1 1 - - 

 
SPL9 SE 2 3 - - 0.003 0.002 0.0 0.02 0.02 0.005 0.001 0.003 0.003 4 4 1 0 1 1 - - 

 
SPL9 n 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - - 

NR d/n Kelsey GS SPL2 Mean 104 127 <0.6 <0.4 0.022 0.028 0.5 0.44 0.49 0.050 0.016 0.038 0.022 41 30 6 3 8 8 - - 

 
SPL2 Median 106 130 <0.6 <0.4 0.010 0.014 0.4 0.40 0.43 0.026 0.015 0.037 0.023 41 29 4 2 8 8 - - 

 
SPL2 Minimum 97 119 <0.6 <0.4 <0.002 <0.005 0.3 0.28 0.31 <0.005 0.006 0.021 0.005 23 15 1 0 6 6 - - 

 
SPL2 Maximum 107 130 <0.6 <0.4 0.180 0.195 0.6 0.60 0.80 0.375 0.027 0.060 0.036 84 55 31 26 10 10 - - 

 
SPL2 SD 5 5 - - 0.043 0.046 0.1 0.10 0.13 0.089 0.006 0.009 0.007 14 11 7 6 1 1 - - 

 
SPL2 SE 2 3 - - 0.011 0.012 0.0 0.03 0.03 0.022 0.002 0.002 0.002 4 3 2 2 0 0 - - 

 
SPL2 n 4 4 4 4 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 - - 

Split Lake SPL3 Mean - - - - 0.013 0.019 0.4 0.42 0.45 0.032 0.011 0.040 0.029 27 26 8 2 9 8 - - 

 
SPL3 Median - - - - 0.007 0.015 0.4 0.39 0.45 0.028 0.011 0.039 0.029 26 25 5 2 8 8 - - 

 
SPL3 Minimum - - - - <0.002 <0.005 0.3 0.30 0.31 0.007 0.005 0.026 0.018 15 14 1 0 7 7 - - 

 
SPL3 Maximum - - - - 0.040 0.051 0.6 0.57 0.60 0.071 0.016 0.053 0.039 45 38 24 5 11 11 - - 

 
SPL3 SD - - - - 0.012 0.015 0.1 0.09 0.09 0.019 0.004 0.008 0.007 9 7 7 1 1 1 - - 

 
SPL3 SE - - - - 0.004 0.004 0.0 0.03 0.03 0.005 0.001 0.002 0.002 2 2 2 0 0 0 - - 

 
SPL3 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Split Lake SPL4 Mean - - - - 0.015 0.028 0.5 0.48 0.52 0.043 0.014 0.038 0.024 35 32 8 3 8 8 - - 

 
SPL4 Median - - - - 0.012 0.027 0.5 0.42 0.48 0.042 0.013 0.036 0.023 38 28 6 2 8 8 - - 

 
SPL4 Minimum - - - - <0.003 <0.005 0.3 0.29 0.32 <0.005 0.006 0.022 0.016 19 15 1 0 5 5 - - 

 
SPL4 Maximum - - - - 0.060 0.081 1.0 0.98 1.01 0.101 0.027 0.062 0.035 47 75 20 7 10 10 - - 

 SPL4 SD - - - - 0.015 0.023 0.2 0.18 0.18 0.027 0.006 0.011 0.006 9 15 7 2 1 1 - - 

 
SPL4 SE - - - - 0.004 0.007 0.1 0.05 0.05 0.008 0.002 0.003 0.002 3 4 2 1 0 0 - - 

 
SPL4 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 
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Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

Split Lake SPL6 Mean - - - - 0.006 0.012 0.5 0.48 0.50 0.017 0.014 0.037 0.023 39 33 3 1 9 9 - - 

 
SPL6 Median - - - - 0.004 0.007 0.5 0.49 0.50 0.013 0.011 0.034 0.021 33 29 3 1 9 8 - - 

 
SPL6 Minimum - - - - <0.002 <0.005 0.4 0.39 0.40 <0.005 0.006 0.021 0.007 21 16 0 0 7 8 - - 

 
SPL6 Maximum - - - - 0.020 0.039 0.7 0.68 0.71 0.046 0.025 0.063 0.042 78 54 9 3 10 10 - - 

 
SPL6 SD - - - - 0.006 0.012 0.1 0.09 0.10 0.013 0.007 0.014 0.012 19 13 3 1 1 1 - - 

 
SPL6 SE - - - - 0.002 0.003 0.0 0.03 0.03 0.004 0.002 0.004 0.004 5 4 1 0 0 0 - - 

 
SPL6 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Split Lake SPL7 Mean 89 109 <20 <10 0.008 0.020 0.5 0.45 0.48 0.028 0.012 0.038 0.026 32 29 6 2 9 8 19 19 

 
SPL7 Median 90 110 <20 <10 0.007 0.015 0.4 0.40 0.44 0.022 0.013 0.035 0.024 33 28 5 1 8 8 20 20 

 
SPL7 Minimum 71 86 <20 <10 <0.003 <0.005 0.3 0.29 0.30 <0.005 0.006 0.025 0.019 17 18 0 0 6 6 16 16 

 
SPL7 Maximum 99 121 <20 <10 0.022 0.059 0.8 0.79 0.83 0.069 0.024 0.057 0.038 42 51 18 5 11 10 21 22 

 
SPL7 SD 8 10 - - 0.005 0.018 0.1 0.13 0.13 0.020 0.004 0.008 0.006 8 9 5 1 1 1 2 2 

 
SPL7 SE 2 3 - - 0.001 0.004 0.0 0.03 0.03 0.005 0.001 0.002 0.001 2 2 1 0 0 0 1 1 

 
SPL7 n 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 8 8 

Split Lake SPL8 Mean 89 109 <0.6 <0.4 0.007 0.018 0.5 0.50 0.52 0.025 0.012 0.039 0.027 30 32 5 1 8 8 - - 

 
SPL8 Median 89 109 <0.6 <0.4 0.006 0.013 0.5 0.44 0.48 0.022 0.012 0.037 0.028 32 26 4 1 8 8 - - 

 
SPL8 Minimum 85 104 <0.6 <0.4 <0.002 <0.005 0.3 0.30 0.30 <0.005 0.005 0.025 0.018 15 17 1 0 6 6 - - 

 
SPL8 Maximum 94 114 <0.6 <0.4 0.020 0.052 1.4 1.40 1.41 0.062 0.021 0.056 0.039 42 100 18 5 10 10 - - 

 
SPL8 SD 5 6 - - 0.005 0.017 0.2 0.25 0.25 0.018 0.004 0.009 0.006 7 20 4 1 1 1 - - 

 
SPL8 SE 2 3 - - 0.001 0.004 0.1 0.06 0.06 0.005 0.001 0.002 0.002 2 5 1 0 0 0 - - 

 
SPL8 n 4 4 4 4 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 - - 

Clark Lake CL1 Mean 96 118 <0.6 <0.4 0.008 0.019 0.5 0.44 0.47 0.027 0.012 0.040 0.028 30 27 5 1 9 8 - - 

 
CL1 Median 97 119 <0.6 <0.4 0.007 0.017 0.4 0.40 0.44 0.027 0.012 0.040 0.027 31 27 5 1 8 8 - - 

 
CL1 Minimum 91 111 <0.6 <0.4 <0.003 <0.005 0.3 0.29 0.33 <0.005 0.007 0.026 0.019 20 17 0 0 6 6 - - 

 
CL1 Maximum 100 122 <0.6 <0.4 0.020 0.054 0.6 0.60 0.62 0.074 0.022 0.057 0.035 39 42 14 4 12 11 - - 

 
CL1 SD 4 5 - - 0.006 0.016 0.1 0.08 0.08 0.019 0.004 0.008 0.005 6 8 4 1 1 1 - - 

 
CL1 SE 2 2 - - 0.001 0.004 0.0 0.02 0.02 0.005 0.001 0.002 0.001 2 2 1 0 0 0 - - 

 
CL1 n 4 4 4 4 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 - - 

Nelson River NR1 Mean - - - - 0.008 0.019 0.4 0.44 0.46 0.027 0.012 0.039 0.027 31 28 5 2 8 8 - - 

 
NR1 Median - - - - 0.009 0.009 0.5 0.44 0.47 0.018 0.011 0.036 0.026 31 26 4 1 8 9 - - 

 
NR1 Minimum - - - - <0.003 <0.005 0.1 0.10 0.10 <0.005 0.006 0.024 0.016 14 6 1 0 7 6 - - 

 
NR1 Maximum - - - - 0.020 0.068 0.6 0.59 0.67 0.088 0.024 0.058 0.038 41 55 19 7 10 10 - - 

 
NR1 SD - - - - 0.005 0.020 0.1 0.11 0.12 0.023 0.005 0.009 0.007 7 11 5 2 1 1 - - 

 
NR1 SE - - - - 0.001 0.005 0.0 0.03 0.03 0.006 0.001 0.002 0.002 2 3 1 0 0 0 - - 

 
NR1 n - - - - 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 - - 

                        



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-3 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

Gull Lake GL1 Mean - - - - 0.010 0.021 0.5 0.48 0.51 0.031 0.012 0.039 0.028 28 31 6 2 9 8 - - 

 
GL1 Median - - - - 0.007 0.023 0.5 0.48 0.52 0.034 0.010 0.038 0.028 28 30 5 2 9 9 - - 

 
GL1 Minimum - - - - <0.002 <0.005 0.3 0.30 0.30 <0.005 0.005 0.027 0.018 15 16 1 0 7 6 - - 

 
GL1 Maximum - - - - 0.040 0.051 0.7 0.68 0.75 0.071 0.028 0.061 0.036 46 52 20 5 10 9 - - 

 
GL1 SD - - - - 0.011 0.018 0.1 0.11 0.12 0.021 0.007 0.010 0.006 9 11 5 1 1 1 - - 

 
GL1 SE - - - - 0.003 0.005 0.0 0.03 0.03 0.006 0.002 0.003 0.002 3 3 1 0 0 0 - - 

 
GL1 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Gull Lake GL2 Mean - - - - 0.008 0.023 0.5 0.47 0.50 0.031 0.011 0.039 0.028 28 30 6 2 8 8 - - 

 
GL2 Median - - - - 0.008 0.024 0.5 0.49 0.50 0.032 0.011 0.038 0.028 29 30 4 2 8 8 - - 

 
GL2 Minimum - - - - <0.002 <0.005 0.3 0.30 0.30 <0.005 0.005 0.022 0.016 16 17 1 0 6 6 - - 

 
GL2 Maximum - - - - 0.020 0.064 0.6 0.60 0.66 0.084 0.021 0.057 0.036 37 44 19 6 10 10 - - 

 
GL2 SD - - - - 0.005 0.020 0.1 0.09 0.10 0.023 0.005 0.010 0.006 7 9 5 2 1 1 - - 

 
GL2 SE - - - - 0.001 0.006 0.0 0.03 0.03 0.007 0.001 0.003 0.002 2 3 2 0 0 0 - - 

 
GL2 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Nelson River NR2 Mean 91 111 <20 <10 0.007 0.020 0.5 0.47 0.50 0.027 0.012 0.038 0.026 31 32 5 2 8 8 20 20 

 
NR2 Median 93 113 <20 <10 0.007 0.011 0.5 0.49 0.50 0.020 0.010 0.037 0.027 31 27 4 1 8 8 20 20 

 
NR2 Minimum 74 90 <20 <10 <0.002 <0.005 0.4 0.39 0.40 <0.005 0.006 0.018 0.010 17 19 1 0 6 5 17 17 

 
NR2 Maximum 100 122 <20 <10 0.020 0.067 0.6 0.59 0.67 0.087 0.029 0.057 0.033 51 82 24 11 9 9 22 22 

 
NR2 SD 8 9 - - 0.006 0.019 0.1 0.06 0.08 0.023 0.006 0.010 0.006 9 15 6 3 1 1 2 2 

 
NR2 SE 2 2 - - 0.001 0.005 0.0 0.02 0.02 0.006 0.001 0.003 0.002 2 4 1 1 0 0 1 1 

 
NR2 n 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 8 8 

Nelson River n. nearshore Camp1 Mean 87 105 <20 <10 0.008 0.022 0.5 0.44 0.47 0.030 0.011 0.045 0.034 25 24 6 1 9 8 20 20 

 
Camp1 Median 90 109 <20 <10 0.006 0.020 0.5 0.44 0.47 0.025 0.011 0.043 0.031 26 25 5 1 9 8 20 20 

 
Camp1 Minimum 76 92 <20 <10 0.004 0.005 0.4 0.39 0.41 0.011 0.010 0.038 0.028 18 16 2 1 8 8 17 18 

 
Camp1 Maximum 90 109 <20 <10 0.016 0.044 0.5 0.50 0.54 0.060 0.013 0.056 0.046 32 28 12 3 9 9 21 21 

 
Camp1 SD 7 9 - - 0.005 0.017 0.1 0.06 0.07 0.021 0.001 0.008 0.008 6 5 4 1 1 1 2 1 

 
Camp1 SE 4 4 - - 0.003 0.008 0.0 0.03 0.04 0.011 0.001 0.004 0.004 3 3 2 1 0 0 1 1 

 
Camp1 n 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

Nelson River s. nearshore Camp2 Mean 85 103 <20 <10 0.006 0.027 0.5 0.44 0.48 0.033 0.013 0.043 0.030 31 26 5 2 9 8 20 20 

 
Camp2 Median 89 108 <20 <10 0.005 0.028 0.5 0.45 0.48 0.035 0.013 0.040 0.028 30 27 6 2 9 8 20 20 

 
Camp2 Minimum 69 85 <20 <10 0.003 0.006 0.4 0.39 0.41 0.009 0.010 0.034 0.019 21 17 2 1 8 8 17 17 

 
Camp2 Maximum 91 111 <20 <10 0.009 0.046 0.5 0.50 0.55 0.052 0.015 0.057 0.045 44 34 8 3 9 9 21 21 

 
Camp2 SD 10 12 - - 0.003 0.016 0.1 0.06 0.07 0.018 0.002 0.010 0.011 10 8 3 1 1 1 2 2 

 
Camp2 SE 5 6 - - 0.001 0.008 0.0 0.03 0.03 0.009 0.001 0.005 0.005 5 4 1 0 0 0 1 1 

 
Camp2 n 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

                        



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-4 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

Stephens Lake STL1 Mean 92 111 <20 <10 0.009 0.020 0.5 0.47 0.50 0.029 0.011 0.037 0.026 31 32 6 2 9 8 20 20 

 
STL1 Median 93 112 <20 <10 0.007 0.014 0.5 0.49 0.52 0.030 0.010 0.036 0.025 31 30 6 2 9 8 20 20 

 
STL1 Minimum 75 92 <20 <10 <0.003 <0.005 0.3 0.33 0.34 <0.005 0.007 0.024 0.013 17 21 1 0 6 5 17 17 

 
STL1 Maximum 100 122 <20 <10 0.030 0.061 0.6 0.60 0.66 0.064 0.022 0.057 0.041 46 61 13 6 11 11 22 22 

 
STL1 SD 7 8 - - 0.008 0.019 0.1 0.09 0.10 0.019 0.004 0.009 0.007 8 11 4 2 1 1 2 2 

 
STL1 SE 2 2 - - 0.002 0.005 0.0 0.02 0.02 0.005 0.001 0.002 0.002 2 3 1 0 0 0 1 1 

 
STL1 n 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 8 8 

Stephens Lake STL2 Mean - - - - 0.009 0.017 0.5 0.48 0.51 0.026 0.013 0.034 0.022 36 35 5 2 8 8 - - 

 
STL2 Median - - - - 0.007 0.006 0.5 0.49 0.51 0.023 0.010 0.038 0.022 32 30 5 1 8 8 - - 

 
STL2 Minimum - - - - <0.003 <0.005 0.3 0.30 0.31 <0.005 0.006 0.022 0.003 23 20 1 0 6 6 - - 

 
STL2 Maximum - - - - 0.022 0.057 0.7 0.68 0.70 0.062 0.035 0.050 0.033 92 63 17 6 10 10 - - 

 
STL2 SD - - - - 0.007 0.019 0.1 0.10 0.11 0.020 0.007 0.009 0.008 16 12 5 2 1 1 - - 

 
STL2 SE - - - - 0.002 0.005 0.0 0.03 0.03 0.005 0.002 0.002 0.002 4 3 1 0 0 0 - - 

 
STL2 n - - - - 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 - - 

Stephens Lake GT1 Mean 89 108 <20 <10 0.006 0.015 0.4 0.43 0.45 0.021 0.011 0.036 0.024 32 30 4 1 9 8 20 20 

 
GT1 Median 90 110 <20 <10 0.006 <0.005 0.4 0.40 0.41 0.014 0.010 0.037 0.026 32 29 3 1 9 8 21 21 

 
GT1 Minimum 73 89 <20 <10 <0.003 <0.005 0.3 0.30 0.30 <0.005 0.006 0.022 0.014 21 18 1 0 6 6 17 17 

 
GT1 Maximum 98 120 <20 <10 0.011 0.048 0.5 0.50 0.55 0.054 0.022 0.051 0.038 46 55 19 5 10 10 22 22 

 
GT1 SD 8 10 - - 0.004 0.018 0.1 0.06 0.08 0.020 0.005 0.010 0.007 8 10 5 2 1 1 2 2 

 
GT1 SE 2 3 - - 0.001 0.005 0.0 0.02 0.02 0.006 0.001 0.003 0.002 2 3 1 0 0 0 1 1 

 
GT1 n 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 8 8 

Long Spruce reservoir NR3 Mean - - - - 0.005 0.016 0.4 0.41 0.43 0.021 0.012 0.033 0.022 35 30 4 1 9 9 - - 

 
NR3 Median - - - - 0.005 0.007 0.4 0.40 0.43 0.014 0.011 0.034 0.021 33 29 3 1 9 9 - - 

 
NR3 Minimum - - - - <0.003 <0.005 0.3 0.29 0.30 <0.005 0.006 0.019 0.012 20 18 1 0 8 7 - - 

 
NR3 Maximum - - - - 0.015 0.047 0.5 0.50 0.54 0.051 0.022 0.048 0.032 48 52 19 6 10 10 - - 

 
NR3 SD - - - - 0.004 0.018 0.1 0.08 0.09 0.019 0.005 0.009 0.006 10 9 5 2 1 1 - - 

 
NR3 SE - - - - 0.001 0.005 0.0 0.02 0.03 0.005 0.002 0.003 0.002 3 3 1 0 0 0 - - 

 
NR3 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Limestone reservoir NR4 Mean 89 108 <20 <10 0.006 0.019 0.5 0.47 0.50 0.025 0.011 0.032 0.020 35 37 5 2 8 8 20 20 

 
NR4 Median 91 111 <20 <10 0.006 0.010 0.4 0.43 0.46 0.018 0.009 0.033 0.022 37 31 4 1 9 8 21 21 

 
NR4 Minimum 72 88 <20 <10 <0.003 <0.005 0.3 0.30 0.31 <0.005 0.006 0.016 0.010 21 23 1 0 7 7 17 17 

 
NR4 Maximum 99 120 <20 <10 0.016 0.048 1.0 1.00 1.01 0.064 0.022 0.047 0.030 49 70 17 6 9 10 23 22 

 
NR4 SD 8 10 - - 0.005 0.017 0.2 0.18 0.17 0.020 0.005 0.009 0.006 10 15 5 2 1 1 2 2 

 
NR4 SE 2 3 - - 0.001 0.005 0.1 0.05 0.05 0.006 0.002 0.003 0.002 3 4 1 0 0 0 1 1 

 
NR4 n 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 8 8 

                        



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-5 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

Nelson River NR5 Mean 91 105 <20 <10 0.004 0.015 0.4 0.37 0.39 0.019 0.011 0.030 0.019 36 29 4 1 9 9 20 20 

 
NR5 Median 93 104 <20 <10 0.004 0.015 0.4 0.40 0.41 0.019 0.010 0.028 0.017 34 28 4 2 9 9 21 21 

 
NR5 Minimum 75 91 <20 <10 <0.002 <0.005 0.1 0.10 0.12 <0.005 0.007 0.020 0.012 26 11 1 0 8 8 17 17 

 
NR5 Maximum 99 121 <20 <10 0.007 0.036 0.5 0.50 0.54 0.043 0.020 0.044 0.028 50 42 8 3 11 12 22 22 

 
NR5 SD 7 11 - - 0.002 0.011 0.1 0.12 0.12 0.012 0.004 0.007 0.005 8 9 2 1 1 1 2 2 

 
NR5 SE 2 3 - - 0.001 0.003 0.0 0.04 0.04 0.004 0.001 0.002 0.002 2 3 1 0 0 0 1 1 

 
NR5 n 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 7 7 

Nelson River NR6 Mean 91 111 <20 <10 0.004 0.021 0.4 0.40 0.43 0.025 0.013 0.032 0.019 40 31 5 2 9 9 21 21 

 
NR6 Median 94 114 <20 <10 0.004 0.013 0.4 0.40 0.42 0.016 0.010 0.030 0.021 34 31 4 1 9 9 21 21 

 
NR6 Minimum 77 94 <20 <10 <0.002 <0.005 0.3 0.29 0.30 <0.005 0.006 0.019 0.001 20 19 0 0 7 7 18 18 

 
NR6 Maximum 100 122 <20 <10 0.010 0.064 0.5 0.50 0.55 0.070 0.029 0.047 0.025 97 43 26 6 11 10 23 23 

 
NR6 SD 7 8 - - 0.003 0.020 0.1 0.07 0.07 0.023 0.007 0.008 0.007 20 7 7 2 1 1 2 2 

 
NR6 SE 2 2 - - 0.001 0.006 0.0 0.02 0.02 0.007 0.002 0.002 0.002 6 2 2 0 0 0 1 1 

 
NR6 n 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 8 8 

Nelson River NR7 Mean - - - - 0.005 0.016 0.4 0.44 0.46 0.021 0.011 0.037 0.026 29 29 5 1 9 9 - - 

 
NR7 Median - - - - 0.005 0.007 0.4 0.40 0.42 0.011 0.010 0.035 0.026 28 27 3 1 9 9 - - 

 
NR7 Minimum - - - - <0.003 <0.005 0.3 0.29 0.30 <0.005 0.005 0.023 0.015 19 17 1 0 7 7 - - 

 
NR7 Maximum - - - - 0.009 0.048 0.6 0.59 0.65 0.055 0.021 0.054 0.038 41 41 20 5 10 10 - - 

 
NR7 SD - - - - 0.003 0.019 0.1 0.09 0.10 0.021 0.005 0.010 0.007 8 7 5 1 1 1 - - 

 
NR7 SE - - - - 0.001 0.005 0.0 0.03 0.03 0.006 0.002 0.003 0.002 2 2 2 0 0 0 - - 

 
NR7 n - - - - 12 12 11 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Nelson River NR8 Mean - - - - 0.005 0.014 0.4 0.42 0.44 0.018 0.010 0.033 0.023 30 31 4 1 9 9 - - 

 
NR8 Median - - - - 0.004 <0.005 0.4 0.40 0.40 0.009 0.009 0.032 0.024 30 30 2 1 9 9 - - 

 
NR8 Minimum - - - - <0.003 <0.005 0.4 0.39 0.40 <0.005 0.005 0.025 0.017 16 22 1 0 8 7 - - 

 
NR8 Maximum - - - - 0.010 0.049 0.6 0.59 0.65 0.055 0.023 0.048 0.030 48 40 17 5 10 10 - - 

 
NR8 SD - - - - 0.003 0.018 0.1 0.06 0.07 0.020 0.005 0.007 0.004 9 6 5 1 1 1 - - 

 
NR8 SE - - - - 0.001 0.005 0.0 0.02 0.02 0.006 0.002 0.002 0.001 3 2 1 0 0 0 - - 

 
NR8 n - - - - 12 12 11 11 11 12 12 12 12 12 11 12 12 12 12 - - 

Stephens Lake - north STL3 Mean - - - - <0.003 <0.005 0.4 0.35 0.35 0.006 0.011 0.016 0.006 60 51 2 1 8 8 - - 

 
STL3 Median - - - - <0.003 <0.005 0.4 0.35 0.35 0.005 0.007 0.015 0.008 46 54 2 1 8 8 - - 

 
STL3 Minimum - - - - <0.003 <0.005 0.3 0.30 0.30 <0.005 0.005 0.013 -0.002 38 30 0 0 6 6 - - 

 
STL3 Maximum - - - - 0.004 0.006 0.4 0.40 0.41 0.010 0.024 0.022 0.008 109 64 4 2 9 9 - - 

 
STL3 SD - - - - - - 0.1 0.06 0.06 0.004 0.009 0.004 0.005 33 14 2 1 1 1 - - 

 
STL3 SE - - - - - - 0.0 0.03 0.03 0.002 0.004 0.002 0.003 17 7 1 0 1 1 - - 

 
STL3 n - - - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - - 

                        



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-6 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

Assean Lake AL1 Mean - - - - 0.006 0.008 0.4 0.42 0.43 0.014 0.009 0.023 0.013 39 48 5 2 10 10 - - 

 
AL1 Median - - - - 0.006 0.005 0.4 0.40 0.41 0.011 0.008 0.022 0.014 36 41 3 1 11 10 - - 

 
AL1 Minimum - - - - <0.002 <0.005 0.3 0.29 0.30 <0.005 <0.001 0.011 0.002 2 24 1 0 8 9 - - 

 
AL1 Maximum - - - - 0.020 0.039 0.6 0.60 0.60 0.045 0.022 0.038 0.030 91 102 17 7 11 11 - - 

 
AL1 SD - - - - 0.005 0.010 0.1 0.08 0.08 0.012 0.006 0.007 0.006 21 22 5 2 1 1 - - 

 
AL1 SE - - - - 0.001 0.003 0.0 0.02 0.02 0.003 0.002 0.002 0.002 6 6 1 1 0 0 - - 

 
AL1 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Assean Lake AL2 Mean - - - - 0.007 0.010 0.5 0.44 0.46 0.017 0.008 0.020 0.012 41 54 9 2 11 11 - - 

 
AL2 Median - - - - 0.008 0.007 0.4 0.39 0.41 0.013 0.008 0.019 0.011 43 49 4 1 11 10 - - 

 
AL2 Minimum - - - - <0.002 <0.005 0.4 0.39 0.40 <0.005 <0.001 0.013 0.006 3 30 1 0 9 9 - - 

 
AL2 Maximum - - - - 0.010 0.045 0.6 0.60 0.61 0.053 0.016 0.030 0.019 73 88 49 7 14 15 - - 

 
AL2 SD - - - - 0.003 0.012 0.1 0.07 0.07 0.013 0.004 0.004 0.004 17 17 14 2 2 2 - - 

 
AL2 SE - - - - 0.001 0.003 0.0 0.02 0.02 0.004 0.001 0.001 0.001 5 5 4 1 0 1 - - 

 
AL2 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Limestone River LR1 Mean - - - - 0.004 0.011 0.4 0.41 0.43 0.015 0.007 0.014 0.007 49 74 6 2 14 14 - - 

 
LR1 Median - - - - 0.004 0.006 0.4 0.40 0.41 0.009 0.006 0.013 0.007 53 69 3 1 15 15 - - 

 
LR1 Minimum - - - - <0.003 <0.005 0.3 0.30 0.30 <0.005 0.003 0.008 0.003 29 47 1 0 9 9 - - 

 
LR1 Maximum - - - - 0.008 0.045 0.5 0.50 0.54 0.048 0.010 0.021 0.015 67 111 21 9 19 19 - - 

 
LR1 SD - - - - 0.002 0.015 0.1 0.06 0.07 0.016 0.002 0.004 0.004 15 24 7 2 3 3 - - 

 
LR1 SE - - - - 0.001 0.004 0.0 0.02 0.02 0.005 0.001 0.001 0.001 4 7 2 1 1 1 - - 

 
LR1 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

Angling River AR1 Mean - - - - 0.005 0.012 0.5 0.48 0.49 0.016 0.006 0.012 0.006 48 94 7 3 15 15 - - 

 
AR1 Median - - - - 0.005 0.007 0.5 0.50 0.50 0.011 0.006 0.012 0.007 48 93 6 2 16 16 - - 

 
AR1 Minimum - - - - <0.003 <0.005 0.3 0.30 0.31 <0.005 <0.001 0.007 0.003 4 64 1 0 13 13 - - 

 
AR1 Maximum - - - - 0.010 0.052 0.6 0.59 0.61 0.058 0.009 0.015 0.014 73 159 18 9 17 17 - - 

 
AR1 SD - - - - 0.003 0.014 0.1 0.09 0.09 0.016 0.002 0.002 0.003 19 27 5 3 1 1 - - 

 
AR1 SE - - - - 0.001 0.004 0.0 0.03 0.03 0.005 0.001 0.001 0.001 6 8 2 1 0 0 - - 

 
AR1 n - - - - 12 12 11 11 11 12 12 12 12 12 11 12 12 12 12 - - 

Weir River WR1 Mean - - - - 0.005 0.011 0.4 0.44 0.45 0.016 0.006 0.014 0.008 45 77 7 3 15 15 - - 

 
WR1 Median - - - - 0.006 0.007 0.4 0.40 0.41 0.013 0.005 0.014 0.007 39 73 6 2 15 16 - - 

 
WR1 Minimum - - - - <0.003 <0.005 0.4 0.39 0.40 <0.005 0.003 0.008 0.002 17 49 1 0 9 9 - - 

 
WR1 Maximum - - - - 0.009 0.043 0.6 0.59 0.61 0.048 0.014 0.020 0.015 88 122 17 5 18 18 - - 

 
WR1 SD - - - - 0.002 0.012 0.1 0.08 0.08 0.012 0.003 0.004 0.004 23 25 5 2 3 3 - - 

 
WR1 SE - - - - 0.001 0.003 0.0 0.02 0.02 0.004 0.001 0.001 0.001 6 7 1 0 1 1 - - 

 
WR1 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

                        



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-7 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

Aiken River AK1 Mean 77 94 <20 <10 0.011 0.009 0.8 0.74 0.76 0.020 0.012 0.026 0.014 53 77 4 2 17 17 18 19 

 
AK1 Median 70 86 <20 <10 0.011 0.010 0.7 0.69 0.71 0.019 0.011 0.022 0.011 55 72 4 1 17 17 17 18 

 
AK1 Minimum 55 67 <20 <10 0.006 <0.005 0.6 0.59 0.61 0.011 0.009 0.012 0.003 25 43 2 1 14 14 12 12 

 
AK1 Maximum 115 141 <20 <10 0.018 0.014 1.0 0.98 1.01 0.030 0.022 0.052 0.039 75 131 6 4 20 20 26 27 

 
AK1 SD 19 24 - - 0.004 0.004 0.1 0.12 0.12 0.006 0.004 0.013 0.011 17 31 1 1 2 2 5 5 

 
AK1 SE 7 8 - - 0.002 0.002 0.0 0.04 0.04 0.002 0.002 0.005 0.004 6 11 0 0 1 1 2 2 

 
AK1 n 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

Split Lake SPL5 Mean - - - - 0.011 0.009 0.6 0.62 0.64 0.020 0.010 0.030 0.021 34 50 5 2 13 13 - - 

 
SPL5 Median - - - - 0.006 0.007 0.6 0.60 0.62 0.017 0.009 0.026 0.018 31 51 3 1 13 13 - - 

 
SPL5 Minimum - - - - <0.002 <0.005 0.5 0.49 0.51 0.007 0.007 0.019 0.008 19 32 2 0 11 10 - - 

 
SPL5 Maximum - - - - 0.040 0.027 0.8 0.79 0.81 0.047 0.015 0.043 0.035 65 69 15 4 18 18 - - 

 
SPL5 SD - - - - 0.012 0.007 0.1 0.11 0.11 0.013 0.002 0.009 0.009 13 13 4 1 2 2 - - 

 
SPL5 SE - - - - 0.004 0.002 0.0 0.03 0.03 0.004 0.001 0.003 0.003 4 4 1 0 1 1 - - 

 
SPL5 n - - - - 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 - - 

York Landing YL1 Mean 93 111 <20 <10 0.006 0.008 0.6 0.55 0.56 0.013 0.013 0.033 0.020 39 41 3 1 10 10 20 20 

 
YL1 Median 95 110 <20 <10 0.003 <0.005 0.5 0.50 0.51 0.010 0.010 0.032 0.017 35 33 1 1 10 10 22 22 

 
YL1 Minimum 74 90 <20 <10 <0.003 <0.005 0.3 0.30 0.30 <0.005 0.007 0.021 0.004 20 21 1 0 7 7 5 5 

 
YL1 Maximum 106 130 <20 <10 0.016 0.033 1.1 1.08 1.10 0.040 0.028 0.047 0.033 88 76 9 3 11 12 24 24 

 
YL1 SD 11 14 - - 0.005 0.011 0.2 0.20 0.20 0.012 0.007 0.010 0.009 18 16 3 1 1 1 6 6 

 
YL1 SE 3 4 - - 0.001 0.003 0.1 0.06 0.06 0.004 0.002 0.003 0.003 5 5 1 0 0 0 2 2 

 
YL1 n 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 8 8 

Two Goose Creek TRIB1 Mean - - - - 0.008 <0.005 0.4 0.40 0.42 0.012 0.009 0.013 0.004 70 74 3 2 16 16 - - 

 
TRIB1 Median - - - - 0.007 <0.005 0.4 0.39 0.41 0.011 0.009 0.013 0.005 65 71 3 2 16 17 - - 

 
TRIB1 Minimum - - - - <0.003 <0.005 0.3 0.30 0.30 <0.005 0.006 0.010 0.001 58 60 1 1 13 13 - - 

 
TRIB1 Maximum - - - - 0.024 0.008 0.5 0.49 0.50 0.027 0.011 0.018 0.007 90 90 5 3 19 20 - - 

 
TRIB1 SD - - - - 0.007 - 0.1 0.06 0.06 0.007 0.002 0.003 0.002 11 13 1 1 2 2 - - 

 
TRIB1 SE - - - - 0.002 - 0.0 0.02 0.02 0.003 0.001 0.001 0.001 4 4 1 0 1 1 - - 

 
TRIB1 n - - - - 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 - - 

Portage Creek TRIB2 Mean - - - - 0.045 0.012 0.6 0.53 0.59 0.056 0.010 0.020 0.010 51 67 16 5 18 17 - - 

 
TRIB2 Median - - - - 0.006 0.010 0.6 0.59 0.61 0.019 0.010 0.019 0.009 56 68 4 2 16 15 - - 

 
TRIB2 Minimum - - - - <0.003 <0.005 0.4 0.29 0.41 0.007 0.005 0.014 0.005 26 43 1 1 14 14 - - 

 
TRIB2 Maximum - - - - 0.312 0.025 0.7 0.69 0.70 0.318 0.014 0.031 0.023 74 82 88 23 24 22 - - 

 
TRIB2 SD - - - - 0.108 0.009 0.1 0.13 0.09 0.106 0.003 0.005 0.006 18 12 30 7 4 3 - - 

 
TRIB2 SE - - - - 0.038 0.003 0.0 0.05 0.03 0.038 0.001 0.002 0.002 6 4 11 3 1 1 - - 

 
TRIB2 n - - - - 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 - - 

                        



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-8 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

Rabbit Creek TRIB3 Mean - - - - 0.005 <0.005 0.6 0.63 0.64 0.009 0.008 0.016 0.008 55 104 3 1 23 23 - - 

 
TRIB3 Median - - - - 0.006 <0.005 0.6 0.60 0.60 0.009 0.009 0.013 0.005 67 111 3 2 24 23 - - 

 
TRIB3 Minimum - - - - <0.003 <0.005 0.6 0.59 0.60 <0.005 0.004 0.009 0.003 21 42 1 1 12 12 - - 

 
TRIB3 Maximum - - - - 0.009 0.011 0.8 0.80 0.81 0.015 0.011 0.032 0.021 75 148 4 2 29 29 - - 

 
TRIB3 SD - - - - 0.002 - 0.1 0.07 0.08 0.004 0.002 0.007 0.007 21 34 1 1 5 6 - - 

 
TRIB3 SE - - - - 0.001 - 0.0 0.03 0.03 0.001 0.001 0.003 0.002 7 12 0 0 2 2 - - 

 
TRIB3 n - - - - 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 - - 

Beaver Creek BC1 Mean - - - - 0.005 0.017 0.5 0.47 0.49 0.022 0.004 0.008 0.004 50 161 23 6 23 23 - - 

 
BC1 Median - - - - 0.005 0.012 0.5 0.49 0.51 0.018 0.005 0.009 0.003 50 124 14 6 23 22 - - 

 
BC1 Minimum - - - - 0.004 0.009 0.4 0.39 0.41 0.013 <0.001 0.004 0.001 13 114 6 5 21 22 - - 

 
BC1 Maximum - - - - 0.007 0.034 0.5 0.50 0.53 0.038 0.007 0.010 0.007 86 281 57 8 27 24 - - 

 
BC1 SD - - - - 0.002 0.012 0.1 0.05 0.06 0.011 0.003 0.003 0.002 34 81 24 2 3 1 - - 

 
BC1 SE - - - - 0.001 0.006 0.0 0.03 0.03 0.006 0.001 0.001 0.001 17 40 12 1 1 1 - - 

 
BC1 n - - - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - - 

Swift Creek SCK1 Mean - - - - <0.003 0.014 0.4 0.40 0.41 0.016 0.004 0.008 0.004 48 163 5 2 16 17 - - 

 
SCK1 Median - - - - <0.003 <0.005 0.4 0.40 0.40 0.007 0.004 0.007 0.004 38 148 3 1 18 18 - - 

 
SCK1 Minimum - - - - <0.003 <0.005 0.3 0.30 0.35 <0.005 <0.001 0.003 0.000 17 59 2 1 12 13 - - 

 
SCK1 Maximum - - - - 0.003 0.045 0.5 0.50 0.51 0.048 0.006 0.015 0.009 100 297 11 3 18 19 - - 

 
SCK1 SD - - - - - 0.021 0.1 0.08 0.07 0.021 0.003 0.005 0.004 36 103 4 1 3 3 - - 

 
SCK1 SE - - - - - 0.010 0.0 0.04 0.03 0.011 0.001 0.003 0.002 18 52 2 1 1 1 - - 

 
SCK1 n - - - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - - 

Goose Creek GC1 Mean - - - - <0.003 <0.005 0.5 0.45 0.45 <0.005 0.003 0.005 0.002 53 258 5 2 19 19 - - 

 
GC1 Median - - - - <0.003 <0.005 0.5 0.45 0.45 <0.005 0.003 0.006 0.002 54 182 3 2 19 19 - - 

 
GC1 Minimum - - - - <0.003 <0.005 0.4 0.40 0.40 <0.005 <0.001 0.002 0.001 25 111 2 1 18 18 - - 

 
GC1 Maximum - - - - 0.003 <0.005 0.5 0.50 0.50 0.006 0.006 0.008 0.004 80 556 11 3 20 20 - - 

 
GC1 SD - - - - - - 0.1 0.06 0.06 - 0.002 0.003 0.001 28 201 4 1 1 1 - - 

 
GC1 SE - - - - - - 0.0 0.03 0.03 - 0.001 0.001 0.001 14 101 2 0 0 0 - - 

 
GC1 n - - - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - - 

Tiny Creek TC1 Mean - - - - 0.003 0.018 0.5 0.52 0.54 0.021 0.004 0.010 0.006 33 161 24 5 21 21 - - 

 
TC1 Median - - - - 0.004 0.019 0.5 0.50 0.52 0.022 0.004 0.011 0.006 35 118 19 5 21 21 - - 

 
TC1 Minimum - - - - <0.003 0.009 0.4 0.40 0.43 0.012 <0.001 0.004 0.004 13 72 7 3 19 20 - - 

 
TC1 Maximum - - - - 0.004 0.027 0.7 0.70 0.71 0.030 0.006 0.013 0.011 50 337 53 7 22 22 - - 

 
TC1 SD - - - - 0.001 0.010 0.2 0.15 0.14 0.009 0.002 0.004 0.003 20 123 21 1 1 1 - - 

 
TC1 SE - - - - 0.001 0.005 0.1 0.07 0.07 0.005 0.001 0.002 0.002 10 62 11 1 1 0 - - 

 
TC1 n - - - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-9 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody 
Site 
ID 

 

Alkalinity Nitrogen Phosphorus N:P Molar Ratios Carbon 

Total 
alkalinity 
(CaCO3) 

Bicarbonate 
alkalinity 
(HCO3) 

Carbonate 
alkalinity 

(CO3) 

Hydroxide 
alkalinity 

(OH) 

Dissolved 
ammonia 

Dissolved 
nitrate/ 
nitrite 

TKN 
Organic 

nitrogen4 
TN 5 DIN 6 TDP TP TPP 7 

TDP 
fraction 

% of 
TP 

TN:TP DIN:DP DIN:TP TOC DOC DIC TIC 

#15 Creek 15C1 Mean - - - - 0.004 0.010 0.5 0.50 0.51 0.014 0.003 0.007 0.004 35 232 29 6 21 21 - - 

 
15C1 Median - - - - 0.005 0.008 0.5 0.50 0.51 0.012 0.002 0.006 0.003 25 224 28 7 22 21 - - 

 
15C1 Minimum - - - - 0.003 <0.005 0.4 0.40 0.41 0.008 <0.001 0.003 0.003 17 105 6 2 20 20 - - 

 
15C1 Maximum - - - - 0.005 0.021 0.6 0.60 0.60 0.026 0.008 0.011 0.006 73 374 53 9 22 22 - - 

 
15C1 SD - - - - 0.001 0.008 0.1 0.08 0.08 0.008 0.004 0.004 0.002 26 127 26 3 1 1 - - 

 
15C1 SE - - - - 0.000 0.004 0.0 0.04 0.04 0.004 0.002 0.002 0.001 13 63 13 2 0 0 - - 

 
15C1 n - - - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 - - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-10 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

Burntwood River SPL1 Mean 27 26 122 121 91 19 36.83 66 0.39 48 8.02 8.12 59.7 - 4 <1 14.3 12.24 

 
SPL1 Median 26 25 123 121 92 17 38.50 54 0.40 50 8.09 8.10 58.8 - 4 <1 13.8 12.40 

 
SPL1 Minimum 19 18 119 111 46 8 20.00 34 0.25 25 7.72 7.69 54.8 - <1 <1 8.1 9.09 

 
SPL1 Maximum 47 44 124 136 120 30 53.00 155 0.50 70 8.25 8.55 65.6 - 5 2 19.8 16.85 

 
SPL1 SD 7 7 2 6 17 7 10.28 32 0.10 15 0.17 0.27 3.7 - 1 - 3.8 2.23 

 
SPL1 SE 2 2 1 2 5 2 2.97 9 0.05 4 0.04 0.08 1.1 - 0 - 1.0 0.56 

 
SPL1 n 16 16 4 16 12 16 12 13 4 12 16 13 12 - 16 12 16 16 

NR u/s Kelsey GS SPL9 Mean 22 21 312 313 195 14 18.00 37 - 18 8.24 8.16 124.5 - 6 <1 13.8 11.43 

 
SPL9 Median 21 21 317 319 195 14 17.00 38 - 15 8.26 8.24 125.0 - 6 <1 13.7 12.31 

 
SPL9 Minimum 18 17 293 284 170 9 12.00 25 - 15 8.17 7.85 120.0 - 4 <1 8.7 8.01 

 
SPL9 Maximum 27 26 319 328 220 19 26.00 47 - 25 8.29 8.31 128.0 - 8 1 18.9 13.10 

 
SPL9 SD 4 3 12 21 21 5 6.68 9 - 5 0.05 0.21 3.7 - 2 - 4.2 2.32 

 
SPL9 SE 2 2 6 10 10 2 3.34 5 - 3 0.03 0.11 1.8 - 1 - 2.1 1.16 

 
SPL9 n 4 4 4 4 4 4 4 4 - 4 4 4 4 - 4 4 4 4 

NR d/n Kelsey GS SPL2 Mean 24 21 310 302 198 13 22.97 39 0.55 20 8.14 8.26 123.2 - 6 2 15.1 11.00 

 
SPL2 Median 21 20 315 308 197 11 23.50 39 0.60 15 8.17 8.34 121.2 - 6 <1 14.5 10.86 

 
SPL2 Minimum 16 12 292 259 177 4 13.00 21 0.47 15 7.90 7.86 119.3 - <1 <1 8.7 8.42 

 
SPL2 Maximum 48 44 317 325 220 27 37.00 56 0.60 37 8.28 8.49 131.0 - 13 10 20.3 13.68 

 
SPL2 SD 9 8 12 20 20 6 8.00 11 0.07 11 0.13 0.20 5.3 - 3 3 3.5 1.47 

 
SPL2 SE 2 2 6 5 10 1 2.31 3 0.03 5 0.03 0.06 2.6 - 1 1 0.9 0.37 

 
SPL2 n 16 16 4 16 4 16 12 13 5 4 16 13 4 - 16 12 16 16 

Split Lake SPL3 Mean 24 22 - 154 - 17 37.00 58 0.44 - 8.05 8.15 - - 4 1 14.5 11.76 

 
SPL3 Median 23 22 - 134 - 15 37.50 62 0.44 - 8.09 8.22 - - 4 <1 14.1 11.60 

 
SPL3 Minimum 17 16 - 113 - 10 26.00 28 0.18 - 7.82 7.58 - - 2 <1 7.9 8.79 

 
SPL3 Maximum 32 30 - 263 - 26 52.00 83 0.70 - 8.22 8.54 - - 8 3 19.7 16.23 

 
SPL3 SD 5 5 - 45 - 6 8.26 18 0.15 - 0.12 0.32 - - 2 1 3.7 2.12 

 
SPL3 SE 1 1 - 13 - 2 2.92 6 0.05 - 0.03 0.11 - - 1 0 1.1 0.61 

 
SPL3 n 12 12 - 12 - 12 8 9 10 - 12 9 - - 12 8 12 12 

Split Lake SPL4 Mean 21 19 - 291 - 12 25.00 37 0.64 - 8.14 8.36 - - 6 2 15.0 11.28 

 
SPL4 Median 21 20 - 299 - 11 24.50 35 0.60 - 8.17 8.46 - - 6 <1 14.4 11.13 

 
SPL4 Minimum 12 12 - 249 - 6 14.00 20 0.48 - 7.94 7.87 - - 2 <1 8.7 8.79 

 
SPL4 Maximum 32 29 - 317 - 25 35.00 55 1.00 - 8.28 8.52 - - 11 7 19.8 15.08 

 
SPL4 SD 6 5 - 22 - 5 7.03 12 0.17 - 0.11 0.21 - - 3 2 3.6 1.70 

 
SPL4 SE 2 1 - 6 - 2 2.49 4 0.07 - 0.03 0.07 - - 1 1 1.0 0.49 

 
SPL4 n 12 12 - 12 - 12 8 9 7 - 12 9 - - 12 8 12 12 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-11 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

Split Lake SPL6 Mean 22 21 - 285 - 12 26.50 39 0.57 - 8.15 8.40 - - 7 3 14.4 11.84 

 
SPL6 Median 21 20 - 297 - 11 26.00 36 0.55 - 8.10 8.44 - - 6 <1 14.4 12.00 

 
SPL6 Minimum 17 16 - 231 - 3 14.00 17 0.23 - 7.95 7.91 - - 2 <1 6.9 8.90 

 
SPL6 Maximum 26 26 - 316 - 18 36.00 62 1.00 - 8.37 8.66 - - 15 9 20.2 15.94 

 
SPL6 SD 3 3 - 28 - 4 7.89 15 0.29 - 0.14 0.23 - - 5 4 4.1 2.18 

 
SPL6 SE 1 1 - 8 - 1 2.79 5 0.09 - 0.04 0.08 - - 1 1 1.2 0.66 

 
SPL6 n 12 12 - 12 - 12 8 9 11 - 12 9 - - 12 8 12 11 

Split Lake SPL7 Mean 23 22 274 250 167 14 27.50 45 0.51 35 8.13 8.32 104.3 - 6 1 14.0 11.88 

 
SPL7 Median 24 23 275 254 170 14 27.50 46 0.55 30 8.19 8.40 104.5 - 6 <1 13.9 11.86 

 
SPL7 Minimum 13 13 262 194 130 8 16.00 25 0.18 5 7.86 7.62 75.8 - <1 <1 7.7 8.69 

 
SPL7 Maximum 32 31 285 283 200 20 39.00 64 0.90 120 8.28 8.58 148.0 - 14 4 19.2 15.96 

 
SPL7 SD 5 5 10 26 20 4 7.94 11 0.24 26 0.13 0.25 16.7 - 3 1 3.5 1.82 

 
SPL7 SE 1 1 5 7 5 1 2.29 3 0.08 7 0.03 0.07 4.2 - 1 0 0.9 0.49 

 
SPL7 n 16 16 4 15 16 16 12 13 9 16 16 13 16 - 16 12 15 14 

Split Lake SPL8 Mean 21 20 252 245 163 15 29.42 46 0.62 21 8.11 8.22 103.3 - 6 <1 13.8 11.42 

 
SPL8 Median 22 21 254 253 165 15 27.50 43 0.55 23 8.11 8.27 103.2 - 5 <1 14.1 10.80 

 
SPL8 Minimum 8 7 229 201 140 9 18.00 26 0.38 15 7.87 7.85 93.9 - 1 <1 7.2 8.58 

 
SPL8 Maximum 27 25 271 277 180 24 51.00 73 0.90 25 8.29 8.52 113.0 - 11 2 19.1 15.93 

 
SPL8 SD 5 4 20 24 17 4 8.94 12 0.20 5 0.13 0.22 9.6 - 3 - 3.9 1.97 

 
SPL8 SE 1 1 10 6 9 1 2.58 3 0.08 2 0.03 0.06 4.8 - 1 - 1.0 0.51 

 
SPL8 n 16 16 4 15 4 15 12 13 7 4 16 13 4 - 16 12 15 15 

Clark Lake  CL1 Mean 23 22 280 258 178 15 28.42 43 0.62 19 8.14 8.24 114.0 - 6 2 13.9 11.51 

 
CL1 Median 24 22 283 259 175 14 27.00 42 0.63 20 8.18 8.39 113.0 - 5 <1 14.1 11.16 

 
CL1 Minimum 16 15 266 208 150 9 16.00 30 0.25 15 7.88 7.62 105.0 - 3 <1 7.7 8.70 

 
CL1 Maximum 32 29 290 298 210 28 45.00 59 0.90 20 8.33 8.65 125.0 - 12 9 18.9 15.19 

 
CL1 SD 4 4 11 25 25 5 8.50 10 0.23 3 0.13 0.30 8.9 - 2 2 3.6 1.83 

 
CL1 SE 1 1 6 7 13 1 2.45 3 0.09 1 0.03 0.08 4.4 - 1 1 0.9 0.47 

 
CL1 n 16 16 4 15 4 16 12 12 6 4 16 13 4 - 16 12 15 15 

Nelson River NR1 Mean 26 24 - 252 - 16 28.00 46 - - 8.13 8.18 - - 5 2 14.0 11.60 

 
NR1 Median 24 21 - 256 - 15 26.50 46 - - 8.10 8.21 - - 5 1 14.2 12.01 

 
NR1 Minimum 14 13 - 208 - 10 10.00 28 - - 7.96 7.26 - - 3 <1 7.7 8.63 

 
NR1 Maximum 83 80 - 299 - 23 45.00 66 - - 8.38 8.67 - - 10 6 18.9 15.16 

 
NR1 SD 16 15 - 27 - 4 9.40 11 - - 0.13 0.36 - - 2 2 3.7 1.78 

 
NR1 SE 4 4 - 7 - 1 2.71 3 - - 0.03 0.10 - - 1 1 0.9 0.46 

 
NR1 n 16 16 - 15 - 15 12 13 - - 16 13 - - 16 12 15 15 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-12 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

Gull Lake GL1 Mean 22 21 - 251 - 15 30.63 46 0.51 - 8.07 8.33 - - 6 2 14.3 11.53 

 
GL1 Median 21 20 - 256 - 16 31.00 46 0.50 - 8.03 8.45 - - 5 <1 14.5 10.94 

 
GL1 Minimum 12 11 - 204 - 8 18.00 28 0.15 - 7.91 7.88 - - 3 <1 8.9 9.73 

 
GL1 Maximum 32 31 - 276 - 25 44.00 64 0.80 - 8.29 8.66 - - 10 7 18.7 15.32 

 
GL1 SD 6 5 - 23 - 6 8.09 12 0.20 - 0.13 0.26 - - 2 2 3.5 1.70 

 
GL1 SE 2 2 - 7 - 2 2.86 4 0.07 - 0.04 0.09 - - 1 1 1.1 0.51 

 
GL1 n 12 12 - 11 - 11 8 9 8 - 12 9 - - 12 8 11 11 

Gull Lake GL2 Mean 22 21 - 258 - 15 30.63 45 0.49 - 8.10 8.33 - - 6 1 14.2 11.20 

 
GL2 Median 21 20 - 264 - 16 31.50 43 0.50 - 8.05 8.40 - - 6 <1 14.0 11.09 

 
GL2 Minimum 12 11 - 209 - 10 18.00 27 0.20 - 7.96 7.61 - - 4 <1 8.8 9.26 

 
GL2 Maximum 31 31 - 281 - 24 45.00 61 0.80 - 8.30 8.64 - - 10 5 18.7 14.84 

 
GL2 SD 6 5 - 20 - 5 8.45 12 0.18 - 0.12 0.30 - - 2 2 3.5 1.71 

 
GL2 SE 2 2 - 6 - 1 2.99 4 0.06 - 0.04 0.10 - - 1 1 1.1 0.52 

 
GL2 n 12 12 - 10 - 11 8 9 8 - 12 9 - - 12 8 11 11 

Nelson River NR2 Mean 21 20 271 257 168 16 27.97 45 0.25 26 8.11 8.28 110.8 - 6 1 13.9 11.65 

 
NR2 Median 21 20 270 263 163 15 27.33 45 0.25 23 8.13 8.30 110.5 - 6 <1 14.1 11.75 

 
NR2 Minimum 14 13 254 205 140 10 18.00 27 0.15 15 7.85 7.85 94.3 - 2 <1 7.2 8.53 

 
NR2 Maximum 28 27 289 290 210 28 43.33 58 0.35 60 8.26 8.54 130.0 - 12 8 18.7 15.32 

 
NR2 SD 4 4 16 22 23 5 7.44 10 0.14 11 0.12 0.22 11.2 - 2 2 3.7 1.81 

 
NR2 SE 1 1 8 6 6 1 2.15 3 0.10 3 0.03 0.06 2.8 - 1 1 1.0 0.47 

 
NR2 n 16 16 4 15 16 16 12 13 2 16 16 13 16 - 16 12 15 15 

Nelson River n. nearshore Camp1 Mean 23 22 - 244 153 18 34.50 50 0.48 43 8.18 8.41 106.6 - 5 3 15.1 13.46 

 
Camp1 Median 23 22 - 253 155 17 36.00 51 0.48 40 8.21 8.40 109.5 - 4 2 17.1 12.85 

 
Camp1 Minimum 21 19 - 216 130 11 25.00 35 0.48 40 8.04 8.37 96.2 - 3 <1 7.2 12.22 

 
Camp1 Maximum 27 25 - 255 170 25 41.00 62 0.48 50 8.25 8.47 111.0 - 7 8 19.0 15.94 

 
Camp1 SD 2 3 - 19 17 6 6.76 11 - 5 0.09 0.05 6.9 - 2 3 5.4 1.71 

 
Camp1 SE 1 1 - 9 9 3 3.38 6 - 3 0.05 0.02 3.5 - 1 2 2.7 0.85 

 
Camp1 n 4 4 - 4 4 4 4 4 1 4 4 4 4 - 4 4 4 4 

Nelson River s. nearshore Camp2 Mean 23 21 - 245 153 15 32.75 49 - 41 8.23 8.49 103.5 - 5 4 15.5 13.79 

 
Camp2 Median 22 21 - 254 155 16 32.00 47 - 43 8.26 8.49 104.5 - 4 3 17.3 13.05 

 
Camp2 Minimum 19 18 - 215 140 10 24.00 34 - 30 8.14 8.38 95.8 - 2 <1 7.9 12.42 

 
Camp2 Maximum 27 24 - 257 160 18 43.00 67 - 50 8.27 8.62 109.0 - 10 8 19.4 16.62 

 
Camp2 SD 3 3 - 20 10 4 7.85 14 - 10 0.06 0.10 5.7 - 3 4 5.3 1.93 

 
Camp2 SE 2 2 - 10 5 2 3.92 7 - 5 0.03 0.05 2.8 - 2 2 2.6 0.97 

 
Camp2 n 4 4 - 4 4 4 4 4 - 4 4 4 4 - 4 4 4 4 

                     

                     



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-13 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

Stephens Lake STL1 Mean 22 21 274 260 178 15 28.06 46 0.54 26 8.16 8.29 107.8 - 6 2 14.3 11.60 

 
STL1 Median 22 20 279 261 170 15 27.67 42 0.53 23 8.17 8.38 107.0 - 6 <1 15.1 11.71 

 
STL1 Minimum 14 12 256 207 130 9 17.00 25 0.30 15 7.95 7.69 88.7 - 2 <1 6.9 8.71 

 
STL1 Maximum 32 32 282 292 300 23 41.00 95 0.90 60 8.31 8.51 123.0 - 12 7 19.9 16.05 

 
STL1 SD 5 5 12 23 38 4 7.75 17 0.16 12 0.12 0.24 9.4 - 3 2 4.3 1.97 

 
STL1 SE 1 1 6 6 10 1 2.24 5 0.05 3 0.03 0.07 2.3 - 1 1 1.1 0.49 

 
STL1 n 16 16 4 16 16 16 12 13 9 16 16 13 16 - 16 12 16 16 

Stephens Lake STL2 Mean 21 20 - 255 - 11 23.67 38 0.57 - 8.12 8.28 - - 5 2 14.0 11.63 

 
STL2 Median 19 18 - 254 - 10 25.50 39 0.60 - 8.14 8.29 - - 6 <1 14.9 11.86 

 
STL2 Minimum 14 13 - 204 - 3 12.00 20 0.30 - 7.88 7.88 - - 2 <1 7.4 8.61 

 
STL2 Maximum 35 34 - 296 - 20 35.00 57 0.90 - 8.29 8.52 - - 10 6 19.8 15.52 

 
STL2 SD 6 5 - 25 - 4 7.24 12 0.19 - 0.12 0.20 - - 2 2 4.3 1.92 

 
STL2 SE 1 1 - 6 - 1 2.09 3 0.06 - 0.03 0.06 - - 1 1 1.1 0.48 

 
STL2 n 16 16 - 16 - 15 12 13 9 - 16 13 - - 16 12 16 16 

Stephens Lake GT1 Mean 24 23 271 252 158 10 22.42 35 0.52 28 8.17 8.25 105.7 - 6 2 13.7 11.77 

 
GT1 Median 24 21 274 255 160 10 23.00 32 0.49 28 8.22 8.45 106.5 - 5 <1 14.4 12.11 

 
GT1 Minimum 18 17 251 204 130 4 12.00 17 0.30 15 7.97 7.24 90.5 - 2 <1 6.8 8.51 

 
GT1 Maximum 31 31 284 296 190 14 33.00 53 0.78 50 8.28 8.52 123.0 - 16 6 19.2 15.08 

 
GT1 SD 4 4 14 28 16 3 7.06 13 0.20 11 0.11 0.41 9.3 - 4 2 4.4 1.96 

 
GT1 SE 1 1 7 9 5 1 2.04 4 0.10 3 0.03 0.14 2.7 - 1 1 1.3 0.57 

 
GT1 n 12 12 4 11 12 12 12 9 4 12 12 9 12 - 12 12 12 12 

Long Spruce reservoir NR3 Mean 26 25 - 252 - 10 21.08 37 - - 8.14 8.27 - 0.8 6 2 13.6 11.76 

 
NR3 Median 25 25 - 252 - 9 21.00 34 - - 8.12 8.34 - 0.9 6 <1 14.2 12.18 

 
NR3 Minimum 21 20 - 201 - 5 11.00 17 - - 7.94 7.73 - 0.5 <1 <1 8.0 8.24 

 
NR3 Maximum 33 31 - 292 - 19 31.00 71 - - 8.30 8.59 - 1.1 8 8 19.6 14.95 

 
NR3 SD 4 4 - 30 - 4 6.79 17 - - 0.12 0.29 - 0.3 3 3 4.5 2.18 

 
NR3 SE 1 1 - 9 - 1 1.96 6 - - 0.03 0.10 - 0.1 1 1 1.3 0.63 

 
NR3 n 12 12 - 12 - 12 12 9 - - 12 9 - 4 12 12 12 12 

Limestone reservoir NR4 Mean 23 22 270 252 157 9 20.41 36 - 26 8.13 8.21 101.1 - 5 2 13.3 11.48 

 
NR4 Median 22 20 275 253 153 9 21.00 34 - 23 8.18 8.28 102.0 - 6 <1 13.6 11.54 

 
NR4 Minimum 15 15 247 204 130 4 11.00 13 - 17 7.95 7.77 78.4 - <1 <1 5.0 8.18 

 
NR4 Maximum 33 32 283 295 180 17 31.00 74 - 50 8.29 8.47 120.0 - 8 10 19.7 14.98 

 
NR4 SD 5 4 16 31 17 4 6.66 18 - 10 0.12 0.23 11.3 - 2 3 4.8 2.27 

 
NR4 SE 1 1 8 9 5 1 1.92 6 - 3 0.03 0.08 3.3 - 1 1 1.4 0.65 

 
NR4 n 12 12 4 12 12 12 12 9 - 12 12 9 12 - 12 12 12 12 

                     

                     



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-14 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

Nelson River  NR5 Mean 35 31 271 248 159 8 19.10 30 - 28 8.24 8.39 102.3 0.8 4 2 13.7 12.31 

 
NR5 Median 27 26 277 243 160 7 19.50 28 - 25 8.20 8.35 100.0 0.9 4 1 13.5 12.24 

 
NR5 Minimum 21 20 246 208 130 <2 12.00 16 - 20 7.87 7.72 80.4 0.4 1 <1 6.1 7.61 

 
NR5 Maximum 107 85 286 293 200 14 27.00 49 - 50 8.69 8.88 117.0 1.1 7 7 23.1 16.18 

 
NR5 SD 24 18 17 26 21 4 4.46 10 - 9 0.21 0.33 10.7 0.3 2 2 5.1 2.45 

 
NR5 SE 7 5 9 8 7 1 1.41 4 - 3 0.06 0.11 3.2 0.1 1 1 1.5 0.74 

 
NR5 n 11 11 4 10 10 11 10 8 - 11 11 9 11 4 11 11 11 11 

Nelson River  NR6 Mean 26 25 271 251 162 9 18.11 33 - 23 8.15 8.39 102.1 0.9 5 2 13.0 11.26 

 
NR6 Median 26 25 275 250 155 8 18.50 33 - 23 8.17 8.43 104.0 0.9 4 1 12.7 11.56 

 
NR6 Minimum 16 16 248 200 130 5 8.30 15 - 15 7.95 7.91 82.1 0.5 2 <1 7.7 8.18 

 
NR6 Maximum 35 35 287 291 200 17 29.00 55 - 30 8.31 8.72 114.0 1.2 9 9 18.5 13.45 

 
NR6 SD 6 6 16 31 20 4 7.19 12 - 6 0.11 0.23 10.5 0.3 2 3 4.3 1.69 

 
NR6 SE 2 2 8 10 6 1 2.08 4 - 2 0.03 0.08 3.0 0.1 1 1 1.2 0.49 

 
NR6 n 12 12 4 10 12 12 12 9 - 12 12 9 12 4 12 12 12 12 

Nelson River  NR7 Mean 24 23 - 254 - 13 23.58 40 - - 8.20 8.45 - 0.8 6 2 13.2 12.09 

 
NR7 Median 22 22 - 254 - 12 24.00 41 - - 8.17 8.51 - 0.8 7 <1 13.3 12.90 

 
NR7 Minimum 18 16 - 203 - 9 14.00 26 - - 8.01 7.84 - 0.4 1 <1 5.7 8.71 

 
NR7 Maximum 32 31 - 296 - 27 32.00 65 - - 8.45 8.81 - 1.2 10 8 19.3 15.40 

 
NR7 SD 5 5 - 32 - 5 6.37 12 - - 0.15 0.27 - 0.3 3 3 4.8 2.25 

 
NR7 SE 1 1 - 10 - 1 1.84 4 - - 0.04 0.09 - 0.2 1 1 1.4 0.65 

 
NR7 n 12 12 - 11 - 12 12 9 - - 12 9 - 4 12 12 12 12 

Nelson River  NR8 Mean 25 24 - 252 - 14 23.00 44 - - 8.25 8.54 - 0.8 6 2 13.1 12.46 

 
NR8 Median 26 25 - 255 - 13 23.00 43 - - 8.22 8.57 - 0.8 6 <1 13.3 13.02 

 
NR8 Minimum 18 16 - 202 - 5 15.00 27 - - 7.99 8.04 - 0.4 2 <1 6.1 9.06 

 
NR8 Maximum 29 29 - 294 - 30 32.00 65 - - 8.55 8.91 - 1.1 10 10 20.1 16.23 

 
NR8 SD 3 4 - 30 - 7 6.30 11 - - 0.17 0.25 - 0.3 2 3 4.9 2.33 

 
NR8 SE 1 1 - 9 - 2 1.82 4 - - 0.05 0.08 - 0.1 1 1 1.4 0.70 

 
NR8 n 11 11 - 11 - 12 12 9 - - 12 9 - 4 12 12 12 11 

Stephens Lake - north STL3 Mean 26 26 - 281 - 7 9.90 20 - - 8.19 8.19 - - 2 <1 10.3 12.30 

 
STL3 Median 24 23 - 280 - 4 6.40 15 - - 8.26 8.14 - - 2 <1 9.5 13.08 

 
STL3 Minimum 23 23 - 269 - 3 3.80 10 - - 7.91 7.94 - - 1 <1 6.0 8.54 

 
STL3 Maximum 35 34 - 294 - 15 23.00 42 - - 8.31 8.54 - - 3 <1 16.2 14.50 

 
STL3 SD 6 6 - 12 - 6 8.82 15 - - 0.19 0.25 - - 1 - 5.1 2.63 

 
STL3 SE 3 3 - 6 - 3 4.41 7 - - 0.09 0.13 - - 0 - 2.5 1.32 

 
STL3 n 4 4 - 4 - 4 4 4 - - 4 4 - - 4 4 4 4 

                     

                     



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-15 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

Assean Lake AL1 Mean 28 27 - 209 - 9 13.41 21 0.93 - 8.19 8.44 - - 3 2 14.4 11.76 

 
AL1 Median 28 27 - 210 - 7 11.50 21 0.90 - 8.17 8.56 - - 3 1 15.6 11.19 

 
AL1 Minimum 21 21 - 159 - 5 3.10 11 0.45 - 8.02 7.90 - - <1 <1 5.8 9.02 

 
AL1 Maximum 33 32 - 257 - 20 29.00 36 1.60 - 8.40 8.76 - - 6 4 17.7 16.49 

 
AL1 SD 4 3 - 31 - 5 8.26 9 0.33 - 0.14 0.31 - - 1 1 3.7 2.09 

 
AL1 SE 1 1 - 10 - 1 2.92 3 0.10 - 0.04 0.11 - - 0 0 1.2 0.66 

 
AL1 n 12 12 - 10 - 11 8 8 10 - 12 8 - - 12 8 10 10 

Assean Lake AL2 Mean 29 28 - 184 - 4 6.08 10 1.55 - 8.07 8.30 - - 3 2 14.7 11.51 

 
AL2 Median 30 29 - 190 - 4 5.90 8 1.60 - 8.07 8.39 - - 3 <1 15.6 11.17 

 
AL2 Minimum 21 21 - 117 - 2 2.00 3 0.65 - 7.76 7.62 - - 2 <1 6.4 8.94 

 
AL2 Maximum 36 34 - 247 - 7 11.00 18 2.20 - 8.30 8.70 - - 4 7 18.5 15.53 

 
AL2 SD 4 4 - 38 - 2 2.73 5 0.48 - 0.16 0.35 - - 1 2 3.5 1.93 

 
AL2 SE 1 1 - 12 - 0 0.97 2 0.16 - 0.05 0.12 - - 0 1 1.1 0.61 

 
AL2 n 12 12 - 10 - 11 8 8 9 - 12 8 - - 12 8 10 10 

Limestone River LR1 Mean 39 37 - 272 - 3 3.04 5 - - 8.22 8.43 - 3.3 2 <1 12.8 12.82 

 
LR1 Median 39 37 - 279 - <2 2.70 3 - - 8.23 8.44 - 3.5 2 <1 15.6 13.68 

 
LR1 Minimum 26 26 - 186 - <2 1.10 0 - - 7.92 7.81 - 2.3 <1 <1 3.6 8.94 

 
LR1 Maximum 56 55 - 380 - 7 6.10 13 - - 8.48 8.73 - 4.0 8 1 19.1 19.01 

 
LR1 SD 8 8 - 59 - 2 1.55 5 - - 0.15 0.28 - 0.8 2 - 6.1 3.15 

 
LR1 SE 2 2 - 18 - 1 0.45 2 - - 0.04 0.09 - 0.4 1 - 1.8 0.95 

 
LR1 n 12 12 - 11 - 12 12 9 - - 12 9 - 4 12 12 11 11 

Angling River AR1 Mean 39 37 - 157 - 2 2.27 3 - - 8.05 8.28 - 2.3 2 <1 12.5 12.22 

 
AR1 Median 38 37 - 159 - <2 2.05 3 - - 8.08 8.36 - 2.3 2 <1 14.9 12.00 

 
AR1 Minimum 27 27 - 102 - <2 1.40 0 - - 7.80 7.75 - 1.7 <1 <1 1.9 9.10 

 
AR1 Maximum 51 50 - 199 - 6 5.00 9 - - 8.36 8.62 - 2.7 4 2 22.9 16.84 

 
AR1 SD 7 7 - 35 - 2 1.01 3 - - 0.16 0.30 - 0.4 1 - 6.5 2.49 

 
AR1 SE 2 2 - 12 - 0 0.29 1 - - 0.05 0.10 - 0.2 0 - 1.9 0.72 

 
AR1 n 11 11 - 9 - 12 12 9 - - 12 9 - 4 12 12 12 12 

Weir River WR1 Mean 39 38 - 228 - 4 3.08 6 - 
 

8.15 8.40 - 2.5 2 <1 11.6 12.79 

 
WR1 Median 39 38 - 220 - 4 3.15 4 - 

 
8.16 8.42 - 2.8 2 <1 14.2 12.16 

 
WR1 Minimum 27 26 - 142 - <1 0.70 0 - 

 
7.82 7.62 - 1.7 <1 <1 1.6 8.81 

 
WR1 Maximum 53 52 - 333 - 8 5.70 14 - 

 
8.58 8.82 - 2.9 6 2 17.1 19.25 

 
WR1 SD 9 9 - 60 - 2 1.48 5 - 

 
0.21 0.34 - 0.6 2 - 5.9 3.09 

 
WR1 SE 3 3 - 19 - 1 0.43 2 - 

 
0.06 0.11 - 0.3 0 - 1.7 0.89 

 
WR1 n 12 12 - 10 - 12 12 9 - 

 
12 9 - 4 12 12 12 12 

                     

                     



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-16 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

Aiken River AK1 Mean 27 27 - 160 118 7 6.25 10 1.20 66 7.79 8.22 83.1 - 5 3 14.5 11.23 

 
AK1 Median 29 28 - 146 120 4 3.00 8 0.99 65 7.83 8.21 77.8 - 4 1 16.2 11.45 

 
AK1 Minimum 20 20 - 111 94 <2 1.10 2 0.75 40 7.45 7.98 62.0 - <1 <1 4.4 8.50 

 
AK1 Maximum 34 33 - 240 150 18 17.00 20 2.08 100 8.15 8.49 118.0 - 10 10 21.8 16.72 

 
AK1 SD 5 5 - 45 18 6 6.29 9 0.60 17 0.28 0.19 19.0 - 3 3 6.9 2.77 

 
AK1 SE 2 2 - 16 6 2 2.23 4 0.30 6 0.10 0.08 6.7 - 1 1 2.4 0.98 

 
AK1 n 8 8 - 8 8 8 8 5 4 8 8 5 8 - 8 8 8 8 

Split Lake SPL5 Mean 26 25 - 205 - 8 13.74 18 0.91 - 7.97 8.23 - - 6 1 13.9 11.37 

 
SPL5 Median 26 25 - 202 - 8 13.50 16 0.90 - 7.92 8.24 - - 6 <1 14.6 10.90 

 
SPL5 Minimum 16 16 - 122 - 3 8.00 5 0.49 - 7.63 7.30 - - 3 <1 4.3 8.23 

 
SPL5 Maximum 35 33 - 278 - 15 20.00 32 1.60 - 8.44 8.79 - - 13 5 21.1 17.13 

 
SPL5 SD 6 5 - 54 - 3 4.11 8 0.38 - 0.25 0.40 - - 3 2 5.1 2.55 

 
SPL5 SE 2 2 - 16 - 1 1.45 3 0.13 - 0.07 0.13 - - 1 1 1.5 0.74 

 
SPL5 n 12 12 - 12 - 12 8 9 9 - 12 9 - - 12 8 12 12 

York Landing YL1 Mean 22 22 281 270 169 8 17.16 28 0.69 31 8.13 8.38 107.4 - 5 2 13.2 12.40 

 
YL1 Median 22 21 302 274 170 8 19.00 25 0.65 35 8.04 8.44 104.0 - 6 <1 13.4 12.54 

 
YL1 Minimum 9 8 237 209 140 4 6.80 15 0.35 15 7.89 8.01 91.8 - 2 <1 6.7 9.33 

 
YL1 Maximum 35 35 305 316 220 15 26.00 54 0.98 50 8.39 8.78 124.0 - 9 20 20.3 15.98 

 
YL1 SD 7 7 38 42 23 3 6.91 12 0.28 10 0.19 0.27 11.7 - 3 6 4.6 1.90 

 
YL1 SE 2 2 22 13 7 1 2.08 4 0.12 3 0.06 0.10 3.5 - 1 2 1.4 0.57 

 
YL1 n 11 11 3 11 11 11 11 8 5 11 11 8 11 - 11 11 11 11 

Two Goose Creek TRIB1 Mean 47 46 - 141 - <1 1.53 3 - - 7.71 7.70 - - 1 <1 11.3 12.99 

 
TRIB1 Median 47 46 - 141 - <1 1.40 1 - - 7.70 7.89 - - 1 <1 12.6 12.64 

 
TRIB1 Minimum 34 32 - 102 - <1 1.00 0 - - 7.40 6.74 - - <1 <1 3.3 8.78 

 
TRIB1 Maximum 63 62 - 181 - 2 2.20 14 - - 8.12 8.32 - - 4 2 18.0 17.46 

 
TRIB1 SD 10 10 - 27 - - 0.39 5 - - 0.22 0.55 - - 1 - 5.3 2.73 

 
TRIB1 SE 3 3 - 9 - - 0.14 2 - - 0.08 0.19 - - 0 - 1.9 0.96 

 
TRIB1 n 8 8 - 8 - 8 8 8 - - 8 8 - - 8 8 8 8 

Portage Creek TRIB2 Mean 40 35 - 125 - 2 2.90 10 - - 7.67 7.65 - - 2 1 12.3 12.21 

 
TRIB2 Median 39 36 - 102 - <1 2.70 4 - - 7.62 7.69 - - 1 1 13.1 12.72 

 
TRIB2 Minimum 28 26 - 80 - <1 1.60 1 - - 7.47 7.17 - - 1 1 4.6 7.72 

 
TRIB2 Maximum 61 43 - 204 - 6 5.40 54 - - 8.17 8.27 - - 5 4 17.6 14.56 

 
TRIB2 SD 10 6 - 46 - 2 1.29 18 - - 0.22 0.42 - - 1 1 4.8 2.36 

 
TRIB2 SE 4 2 - 16 - 1 0.46 6 - - 0.08 0.15 - - 0 0 1.7 0.83 

 
TRIB2 n 8 8 - 8 - 8 8 8 - - 8 8 - - 8 8 8 8 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-17 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

Rabbit Creek TRIB3 Mean 42 41 - 168 - 2 3.78 7 - - 7.61 7.63 - - 2 <1 12.1 11.86 

 
TRIB3 Median 41 41 - 159 - <1 2.35 3 - - 7.52 7.42 - - 2 <1 12.8 11.19 

 
TRIB3 Minimum 24 23 - 123 - <1 0.50 0 - - 7.09 6.98 - - <1 <1 5.4 7.09 

 
TRIB3 Maximum 57 56 - 268 - 6 13.00 40 - - 8.49 8.64 - - 4 <1 17.7 17.58 

 
TRIB3 SD 10 10 - 46 - 2 4.11 13 - - 0.46 0.58 - - 1 - 4.4 4.26 

 
TRIB3 SE 4 4 - 18 - 1 1.45 5 - - 0.16 0.21 - - 0 - 1.6 1.51 

 
TRIB3 n 8 8 - 7 - 8 8 8 - - 8 8 - - 8 8 8 8 

Beaver Creek BC1 Mean 58 55 - 149 - 2 1.73 9 - - 7.85 7.51 - - <1 <1 6.6 14.02 

 
BC1 Median 58 56 - 135 - 2 1.50 8 - - 7.84 7.61 - - <1 <1 7.3 14.73 

 
BC1 Minimum 52 50 - 85 - <2 1.30 0 - - 7.72 6.53 - - <1 <1 0.8 9.87 

 
BC1 Maximum 63 60 - 243 - 4 2.60 20 - - 8.01 8.30 - - <1 <1 11.0 16.75 

 
BC1 SD 6 5 - 68 - 2 0.59 10 - - 0.12 0.74 - - - - 4.3 2.94 

 
BC1 SE 3 2 - 34 - 1 0.30 5 - - 0.06 0.37 - - - - 2.1 1.47 

 
BC1 n 4 4 - 4 - 4 4 4 - - 4 4 - - 4 4 4 4 

Swift Creek SCK1 Mean 48 46 - 177 - <2 0.64 1 - - 7.95 7.79 - - <1 <1 7.7 13.70 

 
SCK1 Median 49 45 - 165 - <2 0.76 1 - - 7.89 7.81 - - <1 <1 8.6 14.38 

 
SCK1 Minimum 42 41 - 108 - <2 0.20 0 - - 7.85 7.18 - - <1 <1 0.7 9.43 

 
SCK1 Maximum 53 52 - 270 - <2 0.85 2 - - 8.18 8.37 - - <1 <1 12.9 16.60 

 
SCK1 SD 5 6 - 69 - - 0.30 1 - - 0.15 0.50 - - - - 5.1 3.03 

 
SCK1 SE 2 3 - 34 - - 0.15 0 - - 0.08 0.25 - - - - 2.5 1.52 

 
SCK1 n 4 4 - 4 - 4 4 4 - - 4 4 - - 4 4 4 4 

Goose Creek GC1 Mean 50 50 - 146 - <2 0.86 2 - - 7.98 7.98 - - <1 <1 8.4 13.70 

 
GC1 Median 50 50 - 146 - <2 0.75 2 - - 7.96 8.03 - - <1 <1 9.2 14.22 

 
GC1 Minimum 42 42 - 93 - <2 0.55 0 - - 7.85 7.31 - - <1 <1 0.9 9.47 

 
GC1 Maximum 59 58 - 199 - 2 1.40 3 - - 8.15 8.53 - - <1 <1 14.5 16.90 

 
GC1 SD 8 8 - 44 - - 0.37 1 - - 0.13 0.50 - - - - 5.6 3.10 

 
GC1 SE 4 4 - 22 - - 0.19 1 - - 0.06 0.25 - - - - 2.8 1.55 

 
GC1 n 4 4 - 4 - 4 4 4 - - 4 4 - - 4 4 4 4 

Tiny Creek  TC1 Mean 48 46 - 133 - 4 2.93 8 - - 7.88 7.77 - - <1 <1 6.9 13.67 

 
TC1 Median 49 47 - 124 - 4 3.05 8 - - 7.86 7.75 - - <1 <1 7.6 14.39 

 
TC1 Minimum 35 34 - 95 - <1 0.70 1 - - 7.81 7.30 - - <1 <1 0.5 8.87 

 
TC1 Maximum 59 55 - 189 - 7 4.90 16 - - 8.00 8.26 - - <1 1 12.0 17.02 

 
TC1 SD 11 9 - 43 - 3 2.19 6 - - 0.08 0.40 - - - - 4.8 3.49 

 
TC1 SE 6 5 - 21 - 2 1.09 3 - - 0.04 0.20 - - - - 2.4 1.75 

 
TC1 n 4 4 - 4 - 4 4 4 - - 4 4 - - 4 4 4 4 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-18 

Table 2H-1: Summary statistics for routine in situ and laboratory parameters measured in the study area: open water seasons, 2001–2004. Units in mg/L unless otherwise indicated 

Waterbody Site ID 
 

Organic Carbon: N ratios 
Lab Cond. 

(µmhos/cm) 

In situ 
spec. 
cond. 

(µS/cm) 

TDS TSS 
Lab 

turb. 
(NTU) 

In situ 
turb 

(NTU) 

Secchi 
disk 

depth 
(m) 

True 
Color 
(TCU) 

Lab pH 
In 

situ 
pH 

Hardness 
as CaCO3 

Dissolved 
Reactive 

Silica 

Chlor a 
(µg/L) 

Pheophyti
n (µg/L) 

In situ 
temp. 
(°C) 

DO 

 
TOC:ON TOC:TN 

#15 Creek 15C1 Mean 51 49 - 104 - <2 0.77 2 - - 7.73 7.62 - - <1 <1 7.9 13.97 

 
15C1 Median 52 50 - 92 - <2 0.78 2 - - 7.69 7.61 - - <1 <1 8.8 14.56 

 
15C1 Minimum 41 41 - 64 - <2 0.52 0 - - 7.61 6.96 - - <1 <1 0.4 9.91 

 
15C1 Maximum 59 57 - 168 - 2 1.00 5 - - 7.93 8.28 - - 1 1 13.4 16.85 

 
15C1 SD 7 7 - 45 - - 0.20 2 - - 0.15 0.54 - - - - 5.4 2.91 

 
15C1 SE 4 3 - 23 - - 0.10 1 - - 0.07 0.27 - - - - 2.7 1.46 

  15C1 n 4 4 - 4 - 4 4 4 - - 4 4 - - 4 4 4 4 

TKN = total Kjeldahl nitrogen, TN = total nitrogen, DIN = dissolved inorganic nitrogen, TDP = total dissolved phosphorus, TP = total phosphorus, TPP = total particulate phosphorus, TOC = total organic carbon, DOC = dissolved organic carbon, DIC = dissolved inorganic carbon, TIC = total inorganic 
carbon, TDS = total dissolved solids, TSS = total suspended solids, DO = dissolved oxygen. 

1. SD=standard deviation. 
2. SE=standard error. 
3. N=sample size. 
4. Calculated as TKN - ammonia. 
5. Calculated as TKN + nitrate/nitrite. 
6.Calculated as ammonia + nitrate/nitrite. 
7. Calculated as TP - DP. 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-19 

Table 2H-2: Summary statistics for total metals and dissolved chloride, fluoride, and sulphate measured across the study area: 2001–2006. All units are mg/L 

Waterbody 
Site 
ID  

Chloride Fluoride Sulphate Aluminum Antimony Arsenic Barium Beryllium Bismuth Boron Cadmium 1 Cadmium 2 Calcium Cesium Chromium Cobalt Copper Iron Lead Lithium Manganese Magnesium 

Burntwood River SPL1 Mean 5 0.1 9 1.85 <0.001 <0.0005 0.0257 <0.001 <0.0001 <0.03 <0.0002 <0.00002 16.0 0.0002 0.003 0.0007 0.003 1.43 0.0007 <0.01 0.0283 4.83 

 
SPL1 Median 5 0.1 11 1.81 <0.001 <0.0005 0.0267 <0.001 <0.0001 <0.03 <0.0002 <0.00002 15.8 0.0002 0.003 0.0007 0.004 1.34 0.0008 <0.01 0.0267 4.78 

 
SPL1 Minimum 5 <0.1 5 1.28 <0.001 <0.0005 0.0205 <0.001 <0.0001 <0.03 <0.0002 <0.00002 14.5 0.0001 0.002 0.0004 0.001 0.93 <0.0005 <0.01 0.0170 4.51 

 
SPL1 Maximum 5 0.3 11 2.74 <0.001 0.0006 0.0320 <0.001 <0.0001 0.04 <0.0002 0.00003 17.7 0.0003 0.004 0.0013 0.004 2.03 0.0013 <0.01 0.0402 5.25 

 
SPL1 SD3 0.2 0.09 2.7 0.45 - - 0.0038 - - 0.01 - - 1.1 0.00010 0.0008 0.0003 0.001 0.35 0.0003 - 0.0069 0.30 

 
SPL1 SE4 0.1 0.03 0.8 0.13 - - 0.0011 - - 0.00 - - 0.3 0.00005 0.0002 0.0001 0.000 0.10 0.0001 - 0.0020 0.09 

 
SPL1 n5 12 8 12 12 12 12 12 12 4 12 4 8 12 4 12 12 12 12 12 4 12 12 

NR u/s Kelsey GS SPL9 Mean 20 - 20 1.18 <0.001 0.0015 0.0431 <0.001 <0.0001 0.03 - <0.00002 30.2 <0.0001 0.002 0.0004 0.004 0.74 0.0006 <0.01 0.0187 11.95 

 
SPL9 Median 20 - 20 1.14 <0.001 0.0015 0.0425 <0.001 <0.0001 0.03 - <0.00002 30.2 <0.0001 0.003 0.0004 0.003 0.69 0.0006 <0.01 0.0184 12.00 

 
SPL9 Minimum 17 - 19 0.85 <0.001 0.0012 0.0393 <0.001 <0.0001 <0.03 - <0.00002 29.4 <0.0001 0.001 <0.0002 0.003 0.53 <0.0005 <0.01 0.0129 11.40 

 
SPL9 Maximum 23 - 22 1.58 <0.001 0.0017 0.0481 <0.001 <0.0001 0.04 - <0.00002 31.0 0.0001 0.003 0.0005 0.005 1.04 0.0010 0.02 0.0250 12.40 

 
SPL9 SD 2.5 - 1.5 0.34 - 0.0002 0.0037 - - 0.01 - - 0.8 - 0.0010 0.0002 0.001 0.25 0.0004 - 0.0067 0.44 

 
SPL9 SE 1.3 - 0.8 0.17 - 0.0001 0.0018 - - 0.01 - - 0.4 - 0.0005 0.0001 0.001 0.12 0.0002 - 0.0033 0.22 

 
SPL9 n 4 0 4 4 4 4 4 4 4 4 0 4 4 4 4 4 4 4 4 4 4 4 

NR d/n Kelsey GS SPL2 Mean 20 - 20 1.20 <0.001 0.0015 0.0424 <0.001 <0.0001 0.04 - 0.00002 29.8 <0.0001 0.002 0.0005 0.003 0.77 <0.0005 <0.01 0.0196 11.85 

 
SPL2 Median 20 - 20 1.20 <0.001 0.0014 0.0413 <0.001 <0.0001 0.05 - <0.00002 29.3 <0.0001 0.002 0.0006 0.003 0.75 <0.0005 <0.01 0.0198 11.72 

 
SPL2 Minimum 17 - 18 0.81 <0.001 0.0012 0.0380 <0.001 <0.0001 <0.03 - <0.00002 29.0 <0.0001 <0.002 0.0003 0.002 0.48 <0.0005 <0.01 0.0123 11.27 

 
SPL2 Maximum 23 - 22 1.59 <0.001 0.0020 0.0489 <0.001 <0.0001 0.05 - 0.00004 31.6 0.0001 0.003 0.0008 0.004 1.11 0.0009 0.02 0.0266 12.70 

 
SPL2 SD 2.5 - 1.7 0.40 - 0.0003 0.0047 - - 0.02 - 0.00001 1.2 0.00004 0.0008 0.0002 0.001 0.29 0.0003 - 0.0075 0.61 

 
SPL2 SE 1.3 - 0.9 0.20 - 0.0002 0.0023 - - 0.01 - 0.00001 0.6 0.00002 0.0004 0.0001 0.000 0.15 0.0002 - 0.0037 0.30 

 
SPL2 n 4 0 4 4 4 4 4 4 4 4 0 4 4 4 4 4 4 4 4 4 4 4 

Aiken River AK1 Mean <10 <0.1 13 0.31 <0.001 <0.0005 0.0109 <0.001 - <0.03 <0.0002 <0.00002 23.4 - <0.002 0.0003 0.002 0.33 <0.0005 - 0.0214 5.97 

 
AK1 Median <10 <0.1 13 0.14 <0.001 <0.0005 0.0086 <0.001 - <0.03 <0.0002 <0.00002 22.5 - <0.002 <0.0002 0.001 0.25 <0.0005 - 0.0216 5.28 

 
AK1 Minimum <10 <0.1 12 0.07 <0.001 <0.0005 0.0071 <0.001 - <0.03 <0.0002 <0.00002 17.9 - <0.002 <0.0002 <0.001 0.11 <0.0005 - 0.0054 4.21 

 
AK1 Maximum <10 0.2 14 0.95 <0.001 0.0007 0.0190 <0.001 - <0.03 <0.0002 0.00003 32.8 - <0.002 0.0006 0.007 0.75 0.00100 - 0.0349 8.75 

 
AK1 SD - - 0.7 0.33 - - 0.0044 - - - - 0.00001 4.9 - - 0.0002 0.002 0.24 - - 0.0111 1.63 

 
AK1 SE - - 0.3 0.12 - - 0.0016 - - - - 0.00000 1.7 - - 0.0001 0.001 0.08 - - 0.0039 0.58 

 
AK1 n 8 8 8 8 8 8 8 8 0 8 4 4 8 0 8 8 8 8 8 0 8 8 

York Landing YL1 Mean 17 <0.1 15 0.97 <0.001 0.0011 0.0347 <0.001 <0.0002 <0.03 <0.0002 <0.00002 26.7 <0.0001 <0.002 0.0004 0.003 0.58 0.0007 0.01 0.0154 9.90 

 
YL1 Median 17 <0.1 16 1.15 <0.001 0.0011 0.0357 <0.001 <0.0002 <0.03 <0.0002 <0.00002 25.7 <0.0001 <0.002 0.0004 0.002 0.59 <0.0005 0.01 0.0163 9.39 

 
YL1 Minimum 13 <0.1 11 0.45 <0.001 0.0008 0.0261 <0.001 <0.0002 <0.03 <0.0002 <0.00002 22.6 <0.0001 <0.002 <0.0002 0.002 0.25 <0.0005 <0.01 0.0080 8.58 

 
YL1 Maximum 20 0.1 20 1.35 <0.001 0.0016 0.0412 <0.001 0.0003 0.12 <0.0002 <0.00002 30.3 0.0001 0.0020 0.0008 0.009 0.91 0.0021 0.02 0.0223 11.80 

 
YL1 SD 2.4 0.03 3.0 0.33 - 0.0002 0.0058 - - 0.03 - - 2.9 0.00003 - 0.0002 0.002 0.20 0.0007 0.01 0.0045 1.16 

 
YL1 SE 0.7 0.01 0.9 0.10 - 0.0001 0.0017 - - 0.01 - - 0.9 0.00002 - 0.0001 0.001 0.06 0.0002 0.00 0.0014 0.35 

 
YL1 n 11 8 11 11 11 11 11 11 3 11 4 7 11 3 11 11 11 11 11 3 11 11 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-20 

Table 2H-2: Summary statistics for total metals and dissolved chloride, fluoride, and sulphate measured across the study area: 2001–2006. All units are mg/L 

Waterbody 
Site 
ID  

Chloride Fluoride Sulphate Aluminum Antimony Arsenic Barium Beryllium Bismuth Boron Cadmium 1 Cadmium 2 Calcium Cesium Chromium Cobalt Copper Iron Lead Lithium Manganese Magnesium 

Split Lake SPL7 Mean 17 0.1 18 1.34 <0.001 0.0012 0.0379 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.3 <0.0001 <0.002 0.0005 0.010 0.97 0.0007 0.01 0.0204 10.27 

 
SPL7 Median 17 <0.1 16 1.34 <0.001 0.0011 0.0369 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.4 <0.0001 0.002 0.0004 0.003 0.94 0.0007 0.01 0.0189 10.40 

 
SPL7 Minimum 12 <0.1 10 0.58 <0.001 0.0008 0.0294 <0.001 <0.0001 <0.03 <0.0002 <0.00002 21.9 <0.0001 <0.002 0.0002 <0.001 0.33 <0.0005 <0.01 0.0124 8.31 

 
SPL7 Maximum 24 0.2 34 2.15 0.001 0.0020 0.0543 <0.001 <0.0001 0.04 <0.0002 0.00003 36.2 0.0001 0.004 0.0011 0.131 1.64 0.0013 0.02 0.0320 14.10 

 
SPL7 SD 3.5 0.07 7.6 0.43 - 0.0003 0.0058 - - 0.01 - - 3.7 0.00003 0.0009 0.0002 0.029 0.33 0.0002 0.01 0.0058 1.64 

 
SPL7 SE 0.8 0.02 1.7 0.10 - 0.0001 0.0013 - - 0.00 - - 0.8 0.00001 0.0002 0.0001 0.007 0.08 0.0001 0.00 0.0013 0.38 

 
SPL7 n 19 15 19 19 19 19 19 19 5 19 10 9 19 5 19 19 19 19 19 5 19 19 

Split Lake SPL8 Mean 15 - 14 1.46 <0.001 0.0011 0.0367 <0.001 <0.0001 <0.03 - <0.00002 25.2 <0.0001 <0.002 0.0004 0.002 0.94 0.0010 0.01 0.0210 9.88 

 
SPL8 Median 16 - 14 1.50 <0.001 0.0011 0.0361 <0.001 <0.0001 <0.03 - <0.00002 25.1 <0.0001 0.002 0.0005 0.003 0.95 0.0011 0.01 0.0208 9.90 

 
SPL8 Minimum 13 - 12 1.26 <0.001 0.0009 0.0332 <0.001 <0.0001 <0.03 - <0.00002 23.4 <0.0001 <0.002 0.0002 <0.001 0.85 <0.0005 0.01 0.0188 8.63 

 
SPL8 Maximum 17 - 16 1.59 <0.001 0.0012 0.0416 <0.001 <0.0001 0.0400 - 0.00002 27.2 0.0001 0.002 0.0005 0.004 1.02 0.0016 0.02 0.0238 11.10 

 
SPL8 SD 1.7 - 1.6 0.14 - 0.0002 0.0040 - - 0.01 - - 2.0 0.00003 0.0008 0.0002 0.001 0.08 0.0007 0.01 0.0021 1.20 

 
SPL8 SE 0.9 - 0.8 0.07 - 0.0001 0.0020 - - 0.01 - - 1.0 0.00001 0.0004 0.0001 0.001 0.04 0.0003 0.00 0.0010 0.60 

 
SPL8 n 4 0 4 4 4 4 4 4 4 4 0 4 4 4 4 4 4 4 4 4 4 4 

Clark Lake  CL1 Mean 18 - 17 1.52 <0.001 0.0012 0.0406 <0.001 <0.0001 <0.03 - 0.00004 27.5 <0.0001 0.005 0.0005 0.003 0.92 0.0005 0.01 0.0201 11.00 

 
CL1 Median 18 - 17 1.41 <0.001 0.0012 0.0387 <0.001 <0.0001 <0.03 - 0.00002 27.3 0.0001 0.003 0.0005 0.003 0.87 <0.0005 0.02 0.0192 10.90 

 
CL1 Minimum 16 - 15 1.27 <0.001 0.0011 0.0383 <0.001 <0.0001 <0.03 - <0.00002 25.6 <0.0001 0.002 0.0002 <0.001 0.78 <0.0005 <0.01 0.0171 9.89 

 
CL1 Maximum 19 - 18 2.00 <0.001 0.0014 0.0469 <0.001 <0.0001 0.04 - 0.00011 29.9 0.0001 0.012 0.0009 0.007 1.15 0.0008 0.02 0.0250 12.30 

 
CL1 SD 1.3 - 1.3 0.33 - 0.0002 0.0042 - - 0.01 - 0.00005 1.9 0.00003 0.0049 0.0003 0.003 0.17 0.0003 0.01 0.0035 1.14 

 
CL1 SE 0.6 - 0.6 0.16 - 0.0001 0.0021 - - 0.01 - 0.00002 0.9 0.00001 0.0024 0.0001 0.001 0.08 0.0001 0.00 0.0018 0.57 

 
CL1 n 4 0 4 4 4 4 4 4 4 4 0 4 4 4 4 4 4 4 4 4 4 4 

Nelson River   NR2 Mean 17 0.1 18 1.50 <0.001 0.0013 0.0389 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.4 0.0001 <0.002 0.0006 0.004 1.12 0.0007 <0.01 0.0231 10.28 

 
NR2 Median 17 0.1 16 1.40 <0.001 0.0012 0.0398 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.1 0.0001 <0.002 0.0005 0.003 1.02 0.0006 <0.01 0.0212 10.12 

 
NR2 Minimum 12 <0.1 11 0.95 <0.001 0.0008 0.0288 <0.001 <0.0001 <0.03 <0.0002 <0.00002 23.0 <0.0001 <0.002 0.0003 <0.001 0.75 <0.0005 <0.01 0.0160 8.58 

 
NR2 Maximum 23 0.2 33 2.53 0.001 0.0025 0.0456 <0.001 <0.0001 0.05 <0.0002 0.00005 32.4 0.0001 0.003 0.0013 0.019 1.66 0.0014 0.012 0.0314 12.57 

 
NR2 SD 3.0 0.04 7.0 0.40 - 0.0005 0.0049 - - 0.01 - - 2.6 0.00004 - 0.0002 0.004 0.25 0.0003 - 0.0049 1.18 

 
NR2 SE 0.8 0.01 1.7 0.10 - 0.0001 0.0012 - - 0.00 - - 0.7 0.00002 - 0.0001 0.001 0.06 0.0001 - 0.0012 0.29 

 
NR2 n 16 12 16 16 16 16 16 16 4 16 8 8 16 4 16 16 16 16 16 4 16 16 

Nelson River n. nearshore Camp1 Mean 15 0.1 13 1.94 <0.001 0.0012 0.0387 <0.001 - <0.03 - <0.00002 26.5 - 0.003 0.0009 0.003 1.39 0.0007 - 0.0278 9.74 

 
Camp1 Median 15 0.2 13 1.99 <0.001 0.0012 0.0387 <0.001 - <0.03 - <0.00002 27.3 - 0.003 0.0009 0.003 1.50 0.0007 - 0.0282 9.79 

 
Camp1 Minimum 13 <0.1 11 1.39 <0.001 0.0011 0.0349 <0.001 - <0.03 - <0.00002 23.4 - <0.002 0.0005 0.003 0.96 0.0005 - 0.0207 9.17 

 
Camp1 Maximum 16 0.2 14 2.41 0.0010 0.0013 0.0426 <0.001 - <0.03 - <0.00002 28.0 - 0.003 0.0012 0.003 1.60 0.0008 - 0.0340 10.20 

 
Camp1 SD 1.3 0.08 1.3 0.43 - 0.0001 0.0039 - - - - - 2.1 - 0.0010 0.0003 0.000 0.29 0.0001 - 0.0056 0.43 

 
Camp1 SE 0.6 0.04 0.6 0.22 - 0.0000 0.0020 - - - - - 1.1 - 0.0005 0.0002 0.000 0.15 0.0001 - 0.0028 0.22 

 
Camp1 n 4 4 4 4 4 4 4 4 0 4 0 4 4 0 4 4 4 4 4 0 4 4 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-21 

Table 2H-2: Summary statistics for total metals and dissolved chloride, fluoride, and sulphate measured across the study area: 2001–2006. All units are mg/L 

Waterbody 
Site 
ID  

Chloride Fluoride Sulphate Aluminum Antimony Arsenic Barium Beryllium Bismuth Boron Cadmium 1 Cadmium 2 Calcium Cesium Chromium Cobalt Copper Iron Lead Lithium Manganese Magnesium 

Nelson River s. nearshore Camp2 Mean 15 0.1 13 1.45 <0.001 0.0011 0.0343 <0.001 - <0.03 - <0.00002 25.8 - 0.003 0.0008 0.003 1.06 0.0007 - 0.0237 9.52 

 
Camp2 Median 16 0.1 13 1.60 <0.001 0.0012 0.0342 <0.001 - <0.03 - <0.00002 26.3 - 0.003 0.0008 0.003 1.18 0.0008 - 0.0253 9.37 

 
Camp2 Minimum 13 <0.1 11 0.23 <0.001 0.0009 0.0251 <0.001 - <0.03 - <0.00002 23.3 - <0.002 0.0002 0.002 0.20 <0.0005 - 0.0132 9.13 

 
Camp2 Maximum 16 0.2 14 2.36 <0.001 0.0013 0.0438 <0.001 - <0.03 - <0.00002 27.2 - 0.004 0.0013 0.003 1.68 0.0009 - 0.0309 10.20 

 
Camp2 SD 1.4 0.06 1.3 0.92 - 0.0002 0.0077 - - - - - 1.8 - 0.0013 0.0005 0.001 0.63 0.0003 - 0.0075 0.48 

 
Camp2 SE 0.7 0.03 0.6 0.46 - 0.0001 0.0038 - - - - - 0.9 - 0.0006 0.0003 0.000 0.31 0.0001 - 0.0037 0.24 

 
Camp2 n 4 4 4 4 4 4 4 4 0 4 0 4 4 0 4 4 4 4 4 0 4 4 

Stephens Lake STL1 Mean 18 0.1 19 1.37 <0.001 0.0012 0.0388 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.6 <0.0001 0.002 0.0005 0.003 0.94 0.0006 0.0100 0.0197 10.54 

 
STL1 Median 17 0.1 16 1.28 <0.001 0.0012 0.0395 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.9 0.00010 0.002 0.0005 0.003 0.96 0.0006 <0.01 0.0191 10.40 

 
STL1 Minimum 12 <0.1 11 0.63 <0.001 <0.0005 0.0281 <0.001 <0.0001 <0.03 <0.0002 <0.00002 23.6 <0.0001 <0.002 0.0003 0.002 0.45 <0.0005 <0.01 0.0122 8.63 

 
STL1 Maximum 23 0.2 36 2.43 0.001 0.0024 0.0456 <0.001 <0.0001 0.04 0.0003 0.00002 31.4 0.0002 0.006 0.0012 0.011 1.59 0.0016 0.03 0.0278 12.60 

 
STL1 SD 3.3 0.06 7.1 0.44 - 0.0004 0.0055 - - 0.01 0.0001 - 2.4 0.00005 0.0013 0.0002 0.002 0.30 0.0004 0.01 0.0044 1.03 

 
STL1 SE 0.8 0.02 1.6 0.10 - 0.0001 0.0013 - - 0.00 0.0000 - 0.6 0.00002 0.0003 0.0001 0.000 0.07 0.0001 0.01 0.0010 0.24 

 
STL1 n 19 15 19 19 19 19 19 19 5 19 10 9 19 5 19 19 19 19 19 5 19 19 

Stephens Lake GT1 Mean 15 0.1 14 1.24 <0.001 0.0011 0.0354 <0.001 <0.0001 <0.03 <0.0002 <0.00002 26.5 <0.0001 <0.002 0.0005 0.003 0.84 0.0007 <0.01 0.0162 9.67 

 
GT1 Median 16 <0.1 14 1.21 <0.001 0.0012 0.0381 <0.001 <0.0001 <0.03 <0.0002 <0.00002 26.7 0.0001 <0.002 0.0005 0.003 0.84 0.0006 <0.01 0.0173 9.66 

 
GT1 Minimum 12 <0.1 11 0.60 <0.001 0.0006 0.0260 <0.001 <0.0001 <0.03 <0.0002 <0.00002 22.8 <0.0001 <0.002 0.0003 0.001 0.36 <0.0005 <0.01 0.0077 7.91 

 
GT1 Maximum 19 0.2 17 2.05 0.001 0.0013 0.0411 <0.001 0.0001 0.05 <0.0002 0.00002 30.1 0.0001 0.003 0.0010 0.004 1.31 0.0018 0.010 0.0210 11.80 

 
GT1 SD 2.1 0.07 2.0 0.39 - 0.0002 0.0055 - - 0.01 - - 2.2 0.00003 0.0007 0.0002 0.001 0.26 0.0005 - 0.0038 1.08 

 
GT1 SE 0.6 0.02 0.6 0.11 - 0.0001 0.0016 - - 0.00 - - 0.6 0.00001 0.0002 0.0001 0.000 0.08 0.0001 - 0.0011 0.31 

 
GT1 n 12 8 12 12 12 12 12 12 4 12 4 8 12 4 12 12 12 12 12 4 12 12 

Nelson River NR4 Mean 15 <0.1 15 1.16 <0.001 0.0011 0.0347 <0.001 <0.0001 <0.03 <0.0002 <0.00002 25.9 <0.0001 <0.002 0.0005 0.005 0.76 0.0006 <0.01 0.0157 9.61 

 
NR4 Median 15 0.1 15 1.19 <0.001 0.0012 0.0363 <0.001 <0.0001 <0.03 <0.0002 <0.00002 26.4 <0.0001 <0.002 0.0005 0.004 0.75 0.0006 <0.01 0.0152 9.40 

 
NR4 Minimum 12 <0.1 11 0.63 <0.001 0.0006 0.0247 <0.001 <0.0001 <0.03 <0.0002 <0.00002 21.8 <0.0001 <0.002 0.0002 <0.001 0.37 <0.0005 <0.01 0.0086 7.53 

 
NR4 Maximum 19 0.2 21 1.88 <0.001 0.0013 0.0446 <0.001 <0.0002 0.03 <0.0002 0.00005 29.1 0.0001 0.002 0.0009 0.027 1.20 0.0024 0.020 0.0213 11.43 

 
NR4 SD 1.9 0.05 2.7 0.34 - 0.0002 0.0055 - - 0.01 - - 2.3 - 0.0005 0.0002 0.006 0.24 0.0006 - 0.0041 1.16 

 
NR4 SE 0.5 0.02 0.7 0.09 - 0.0001 0.0015 - - 0.00 - - 0.6 - 0.0001 0.0001 0.002 0.06 0.0001 - 0.0011 0.31 

 
NR4 n 14 9 14 14 14 14 14 14 6 14 4 10 14 6 14 14 14 14 14 6 14 14 

Nelson River NR5 Mean 15 <0.1 12 0.99 <0.001 0.0010 0.0324 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.0 0.00010 <0.002 0.0004 0.002 0.63 <0.0005 0.011 0.0136 9.48 

 
NR5 Median 16 0.1 13 0.96 <0.001 0.0011 0.0323 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.3 <0.0001 <0.002 0.0004 0.002 0.59 <0.0005 0.010 0.0136 9.47 

 
NR5 Minimum 12 <0.1 5 0.44 <0.001 <0.0005 0.0269 <0.001 <0.0001 <0.03 <0.0002 <0.00002 23.9 <0.0001 <0.002 0.0002 <0.001 0.25 <0.0005 <0.01 0.0070 7.50 

 
NR5 Maximum 17 0.2 18 1.52 <0.001 0.0013 0.0394 <0.001 <0.0001 0.12 <0.0002 0.00003 28.9 0.0002 0.002 0.0009 0.004 0.99 0.0006 0.020 0.0200 11.00 

 
NR5 SD 1.5 0.05 3.3 0.29 - 0.0003 0.0042 - - 0.03 - - 1.7 0.00007 0.0005 0.0002 0.001 0.21 - 0.006 0.0037 1.03 

 
NR5 SE 0.5 0.02 1.0 0.09 - 0.0001 0.0013 - - 0.01 - - 0.5 0.00004 0.0002 0.0001 0.000 0.06 - 0.003 0.0011 0.31 

 
NR5 n 11 7 11 11 11 11 11 11 4 11 3 8 11 4 11 11 11 11 11 4 11 11 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-22 

Table 2H-2: Summary statistics for total metals and dissolved chloride, fluoride, and sulphate measured across the study area: 2001–2006. All units are mg/L 

Waterbody 
Site 
ID  

Chloride Fluoride Sulphate Aluminum Antimony Arsenic Barium Beryllium Bismuth Boron Cadmium 1 Cadmium 2 Calcium Cesium Chromium Cobalt Copper Iron Lead Lithium Manganese Magnesium 

Nelson River NR6 Mean 16 <0.1 14 1.08 <0.001 0.0010 0.0337 <0.001 <0.0001 <0.03 <0.0002 0.00002 27.0 <0.0001 <0.002 0.0004 0.002 0.71 <0.0005 <0.01 0.0150 9.52 

 
NR6 Median 16 0.1 13 1.02 <0.001 0.0011 0.0352 <0.001 <0.0001 <0.03 <0.0002 <0.00002 27.2 <0.0001 <0.002 0.0004 0.002 0.69 <0.0005 0.010 0.0156 9.56 

 
NR6 Minimum 12 <0.1 9 0.55 <0.001 <0.0005 0.0255 <0.001 <0.0001 <0.03 <0.0002 <0.00002 22.3 <0.0001 <0.002 0.0002 <0.001 0.31 <0.0005 <0.01 0.0079 7.61 

 
NR6 Maximum 18 0.2 19 1.81 0.001 0.0012 0.0422 <0.001 0.0002 0.04 <0.0002 0.00006 32.2 0.0001 0.002 0.0010 0.004 1.10 0.0006 0.010 0.0185 11.00 

 
NR6 SD 2.0 0.05 2.9 0.38 - 0.0003 0.0052 - - 0.01 - 0.00002 2.6 0.00003 0.0004 0.0002 0.001 0.23 - 0.003 0.0033 0.95 

 
NR6 SE 0.6 0.02 0.8 0.11 - 0.0001 0.0015 - - 0.00 - 0.00001 0.8 0.00001 0.0001 0.0001 0.000 0.07 - 0.001 0.0010 0.27 

  NR6 n 12 8 12 12 12 12 12 12 4 12 4 8 12 4 12 12 12 12 12 4 12 12 

  

  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-23 

Table 2H-2: Summary statistics for total metals and dissolved chloride, fluoride, and sulphate measured across the study area: 2001–2006. All units are mg/L 

Waterbody 
Site 
ID  

Mercury 6 Mercury 7 Molybdenum Nickel Potassium Rubidiuim Selenium 8 Selenium 9 Silver 10 Silver 11 Sodium Strontium Tellurium Thallium Tin Titanium Tungsten Uranium Vanadium Zinc Zirconium 

Burntwood River SPL1 Mean - <0.00005 0.0006 0.003 1.6 0.0047 - <0.001 - 0.0002 3.27 0.0408 <0.001 <0.0001 0.0027 0.0609 <0.0002 0.0002 0.0032 0.0100 0.0021 

 
SPL1 Median - <0.00005 0.0002 0.003 1.6 0.0046 - <0.001 - <0.0001 3.30 0.0413 <0.001 <0.0001 0.0007 0.0591 <0.0002 0.0002 0.0030 0.0100 0.0018 

 
SPL1 Minimum - <0.00005 <0.0002 <0.002 1.4 0.0038 - <0.001 - <0.0001 2.76 0.0379 <0.001 <0.0001 <0.0005 0.0434 <0.0002 0.0002 0.0020 0.0100 0.0015 

 
SPL1 Maximum - <0.00005 0.0029 0.006 1.8 0.0060 - 0.002 - 0.0011 3.86 0.0430 0.001 <0.0001 0.0228 0.0822 <0.0002 0.0002 0.0050 0.0100 0.0034 

 
SPL1 SD - - 0.0011 0.001 0.1 0.0009 - 0.0004 - 0.0003 0.30 0.0018 - - 0.0064 0.0160 - 0.0000 0.0008 0.0000 0.0009 

 
SPL1 SE - - 0.0003 0.0004 0.0 0.0005 - 0.0001 - 0.00009 0.09 0.0005 - - 0.0019 0.0080 - 0.0000 0.0002 0.0000 0.0004 

 
SPL1 n 0 12 12 12 12 4 0 12 0 12 12 12 4 12 12 4 4 12 12 12 4 

NR u/s Kelsey GS SPL9 Mean - <0.00005 0.0006 0.002 2.8 0.0035 - <0.001 - <0.0001 16.18 0.1180 <0.001 <0.0001 0.0045 0.0401 <0.0002 0.0007 0.0025 0.0275 0.0011 

 
SPL9 Median - <0.00005 0.0007 0.002 2.8 0.0033 - <0.001 - <0.0001 16.40 0.1195 <0.001 <0.0001 0.0020 0.0410 <0.0002 0.0007 0.0025 0.0100 0.0011 

 
SPL9 Minimum - <0.00005 0.0004 <0.002 2.7 0.0029 - <0.001 - <0.0001 15.20 0.1100 <0.001 <0.0001 <0.0005 0.0244 <0.0002 0.0006 0.0020 0.0100 0.0006 

 
SPL9 Maximum - <0.00005 0.0007 0.003 3.1 0.0046 - 0.001 - <0.0001 16.70 0.1230 <0.001 0.0001 0.0140 0.0541 <0.0002 0.0007 0.0030 0.0800 0.0017 

 
SPL9 SD - - 0.0002 0.001 0.2 0.0008 - - - - 0.68 0.0056 - - 0.0064 0.0150 - 0.0001 0.0006 0.0350 0.0006 

 
SPL9 SE - - 0.0001 0.0006 0.1 0.0004 - - - - 0.34 0.0028 - - 0.0032 0.0075 - 0.0000 0.0003 0.0175 0.0003 

 
SPL9 n 0 4 4 4 4 4 0 4 0 4 4 4 4 4 4 4 4 4 4 4 4 

NR d/n Kelsey GS SPL2 Mean - <0.00005 0.0013 <0.002 2.8 0.0036 - <0.001 - <0.0001 15.84 0.1152 <0.001 0.0001 <0.0005 0.0419 <0.0002 0.0006 0.0024 0.0108 0.0014 

 
SPL2 Median - <0.00005 0.0007 <0.002 2.8 0.0034 - <0.001 - <0.0001 15.62 0.1178 <0.001 <0.0001 <0.0005 0.0427 <0.0002 0.0006 0.0027 0.0100 0.0013 

 
SPL2 Minimum - <0.00005 0.0005 <0.002 2.5 0.0029 - <0.001 - <0.0001 15.20 0.1043 <0.001 <0.0001 <0.0005 0.0255 <0.0002 0.0006 0.0010 0.0100 0.0008 

 
SPL2 Maximum - <0.00005 0.0035 0.003 3.1 0.0047 - <0.001 - 0.0001 16.93 0.1207 <0.001 0.0004 0.0006 0.0566 <0.0002 0.0007 0.0033 0.0133 0.0020 

 
SPL2 SD - - 0.0014 0.001 0.3 0.0009 - - - 0.00004 0.82 0.0073 - 0.0002 0.0002 0.0164 - 0.0000 0.0010 0.0017 0.0005 

 
SPL2 SE - - 0.0007 0.0005 0.1 0.0004 - - - 0.00002 0.41 0.0037 - 0.0001 0.0001 0.0082 - 0.0000 0.0005 0.0008 0.0003 

 
SPL2 n 0 4 4 4 4 4 0 4 0 4 4 4 4 4 4 4 4 4 4 4 4 

Aiken River AK1 Mean - <0.00005 <0.0002 <0.002 0.6 - - <0.001 - <0.0001 2.09 0.0382 - <0.0001 0.0021 - - 0.0001 0.00075 0.01 - 

 
AK1 Median - <0.00005 <0.0002 <0.002 0.6 - - <0.001 - <0.0001 1.57 0.0353 - <0.0001 0.0006 - - 0.0001 0.00050 0.01 - 

 
AK1 Minimum - <0.00005 <0.0002 <0.002 0.2 - - <0.001 - <0.0001 1.30 0.0239 - <0.0001 <0.0005 - - <0.0001 0.00050 0.01 - 

 
AK1 Maximum - <0.00005 0.0002 <0.002 1.2 - - <0.001 - 0.0003 4.03 0.0576 - <0.0001 0.0130 - - 0.0004 0.00200 0.01 - 

 
AK1 SD - - - - 0.4 - - - - 0.00009 0.99 0.0116 - - 0.0044 - - 0.0001 0.00053 0.00 - 

 
AK1 SE - - - - 0.1 - - - - 0.00003 0.35 0.0041 - - 0.0016 - - 0.0000 0.00019 0.00 - 

 
AK1 n 0 8 8 8 8 0 0 8 0 8 8 8 0 8 8 0 0 8 8 8 0 

York Landing YL1 Mean - <0.00005 0.0006 <0.002 2.4 0.0022 - <0.001 - <0.0001 12.74 0.0911 <0.001 <0.0001 0.0020 0.0149 0.0005 0.0005 0.0018 0.0100 0.0007 

 
YL1 Median - <0.00005 0.0006 <0.002 2.3 0.0020 - <0.001 - <0.0001 12.90 0.0949 <0.001 <0.0001 0.0007 0.0139 <0.0002 0.0006 0.0020 0.0100 0.0006 

 
YL1 Minimum - <0.00005 0.0004 <0.002 2.0 0.0019 - <0.001 - <0.0001 10.20 0.0637 <0.001 <0.0001 <0.0005 0.0112 <0.0002 0.0004 0.0005 0.0100 0.0005 

 
YL1 Maximum - 0.00007 0.0009 0.004 2.8 0.0026 - 0.0010 - 0.0002 15.80 0.1150 <0.001 0.0001 0.0108 0.0197 0.0014 0.0006 0.0030 0.0100 0.0009 

 
YL1 SD - - 0.0001 - 0.2 0.0004 - - - - 1.94 0.0157 - - 0.0033 0.0043 0.0008 0.0001 0.0008 0.0000 0.0002 

 
YL1 SE - - 0.0000 - 0.1 0.0002 - - - - 0.58 0.0047 - - 0.0010 0.0025 0.0004 0.0000 0.0002 0.0000 0.0001 

 
YL1 n 0 11 11 11 11 3 0 11 0 11 11 11 3 11 11 3 3 11 11 11 3 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-24 

Table 2H-2: Summary statistics for total metals and dissolved chloride, fluoride, and sulphate measured across the study area: 2001–2006. All units are mg/L 

Waterbody 
Site 
ID  

Mercury 6 Mercury 7 Molybdenum Nickel Potassium Rubidiuim Selenium 8 Selenium 9 Silver 10 Silver 11 Sodium Strontium Tellurium Thallium Tin Titanium Tungsten Uranium Vanadium Zinc Zirconium 

Split Lake SPL7 Mean <0.0003 <0.00005 0.0006 0.002 2.6 0.0035 <0.002 <0.001 <0.0005 <0.0001 13.48 0.0933 <0.001 <0.0001 0.0008 0.0399 <0.0002 0.0006 0.0027 0.0126 0.0013 

 
SPL7 Median <0.0003 <0.00005 0.0006 0.002 2.5 0.0033 <0.002 <0.001 <0.0005 <0.0001 13.00 0.0909 <0.001 <0.0001 0.0006 0.0368 <0.0002 0.0005 0.0020 0.0100 0.0012 

 
SPL7 Minimum <0.0003 <0.00005 0.0004 <0.002 2.2 0.0030 <0.002 <0.001 <0.0005 <0.0001 9.31 0.0616 <0.001 <0.0001 <0.0005 0.0366 <0.0002 0.0004 0.0020 0.0100 0.0010 

 
SPL7 Maximum <0.0003 <0.00005 0.0014 0.004 3.7 0.0041 <0.002 0.002 0.0005 0.0002 20.70 0.1320 <0.001 0.0002 0.0027 0.0460 <0.0003 0.0011 0.0040 0.0400 0.0015 

 
SPL7 SD - - 0.0002 0.0008 0.4 0.0005 - 0.0004 - 0.00005 3.23 0.0184 - - 0.0007 0.0044 - 0.0002 0.0009 0.0081 0.0002 

 
SPL7 SE - - 0.0001 0.0002 0.1 0.0002 - 0.0001 - 0.00001 0.74 0.0042 - - 0.0002 0.0020 - 0.0000 0.0002 0.0018 0.0001 

 
SPL7 n 5 14 19 19 19 5 5 14 5 14 19 19 5 19 19 5 5 19 19 19 5 

Split Lake SPL8 Mean - <0.00005 0.0006 0.004 2.5 0.0039 - 0.001 - <0.0001 12.18 0.0850 <0.001 <0.0001 <0.0005 0.0470 <0.0002 0.0005 0.0023 0.0200 0.0014 

 
SPL8 Median - <0.00005 0.0006 0.003 2.5 0.0039 - <0.001 - <0.0001 12.30 0.0837 <0.001 <0.0001 <0.0005 0.0476 <0.0002 0.0005 0.0020 0.0150 0.0015 

 
SPL8 Minimum - <0.00005 0.0005 0.003 2.1 0.0036 - <0.001 - <0.0001 10.20 0.0803 <0.001 <0.0001 <0.0005 0.0434 <0.0002 0.0004 0.0020 0.0100 0.0012 

 
SPL8 Maximum - <0.00005 0.0006 0.008 2.8 0.0041 - 0.002 - <0.0001 13.90 0.0921 <0.001 0.0002 <0.0005 0.0495 <0.0002 0.0005 0.0030 0.0400 0.0016 

 
SPL8 SD - - 0.0001 0.003 0.3 0.0002 - 0.0007 - - 1.85 0.0052 - - - 0.0029 - 0.0001 0.0005 0.0141 0.0002 

 
SPL8 SE - - 0.0000 0.001 0.2 0.0001 - 0.0004 - - 0.93 0.0026 - - - 0.0015 - 0.0000 0.0003 0.0071 0.0001 

 
SPL8 n 0 4 4 4 4 4 0 4 0 4 4 4 4 4 4 4 4 4 4 4 4 

Clark Lake  CL1 Mean - <0.00005 0.0021 0.008 2.7 0.0039 - <0.001 - <0.0001 14.18 0.0977 <0.001 0.0001 <0.0005 0.0483 0.0002 0.0005 0.0023 0.0200 0.0020 

 
CL1 Median - <0.00005 0.0007 0.004 2.7 0.0039 - <0.001 - <0.0001 14.00 0.0966 <0.001 0.0001 <0.0005 0.0457 <0.0002 0.0006 0.0020 0.0100 0.0013 

 
CL1 Minimum - <0.00005 0.0005 <0.002 2.4 0.0034 - <0.001 - <0.0001 12.80 0.0935 <0.001 <0.0001 <0.0005 0.0441 <0.0002 0.0004 0.0020 0.0100 0.0011 

 
CL1 Maximum - <0.00005 0.0063 0.022 3.2 0.0046 - <0.001 - <0.0001 15.90 0.1040 <0.001 0.0003 0.0005 0.0578 0.0006 0.0006 0.0030 0.0500 0.0043 

 
CL1 SD - - 0.0028 0.010 0.4 0.0005 - - - - 1.56 0.0051 - 0.0001 - 0.0064 0.0003 0.0001 0.0005 0.0200 0.0015 

 
CL1 SE - - 0.0014 0.005 0.2 0.0002 - - - - 0.78 0.0025 - 0.0001 - 0.0032 0.0001 0.0000 0.0003 0.0100 0.0008 

 
CL1 n 0 4 4 4 4 4 0 4 0 4 4 4 4 4 4 4 4 4 4 4 4 

Nelson River   NR2 Mean <0.0003 <0.00005 0.0006 0.003 2.7 0.0040 <0.002 <0.001 <0.0005 0.00014 13.43 0.0924 <0.001 <0.0001 0.0008 0.0513 <0.0002 0.0005 0.0029 0.0144 0.0017 

 
NR2 Median <0.0003 <0.00005 0.0007 0.003 2.7 0.0040 <0.002 <0.001 <0.0005 <0.0001 12.60 0.0917 <0.001 <0.0001 <0.0005 0.0539 <0.0002 0.0005 0.0030 0.0100 0.0017 

 
NR2 Minimum <0.0003 <0.00005 0.0004 <0.002 2.3 0.0035 <0.002 <0.001 <0.0005 <0.0001 10.53 0.0696 <0.001 <0.0001 <0.0005 0.0425 <0.0002 0.0004 0.0020 0.0100 0.0015 

 
NR2 Maximum <0.0003 <0.00005 0.0008 0.004 3.1 0.0044 0.002 <0.001 0.0005 0.0007 18.10 0.1120 <0.001 0.0001 0.0045 0.0549 0.0003 0.0007 0.0040 0.0700 0.0020 

 
NR2 SD - - 0.0001 0.0009 0.2 0.0004 0.0006 - - 0.0002 2.44 0.0131 - 0.00002 0.0011 0.0059 0.0001 0.0001 0.0008 0.0150 0.0003 

 
NR2 SE - - 0.0000 0.0002 0.1 0.0002 0.0003 - - 0.00005 0.61 0.0033 - 0.000004 0.0003 0.0030 0.00004 0.0000 0.0002 0.0038 0.0001 

 
NR2 n 4 12 16 16 16 4 4 12 4 12 16 16 4 16 16 4 4 16 16 16 4 

Nelson River n. nearshore Camp1 Mean - <0.00005 0.0007 0.003 2.8 - - 0.001 - 0.0003 11.20 0.0808 - <0.0001 0.0013 - - 0.0005 0.0038 0.0100 - 

 
Camp1 Median - <0.00005 0.0006 0.003 2.8 - - <0.001 - 0.0004 11.30 0.0838 - <0.0001 0.0012 - - 0.0005 0.0040 0.0100 - 

 
Camp1 Minimum - <0.00005 0.0005 0.002 2.6 - - <0.001 - <0.0001 10.20 0.0685 - <0.0001 0.0009 - - 0.0005 0.0030 0.0100 - 

 
Camp1 Maximum - 0.00008 0.0013 0.003 2.9 - - 0.004 - 0.0005 12.00 0.0871 - 0.0001 0.0019 - - 0.0006 0.0040 0.0100 - 

 
Camp1 SD - - 0.0004 0.001 0.2 - - 0.002 - 0.0002 0.75 0.0083 - - 0.0004 - - 0.0001 0.0005 0.0000 - 

 
Camp1 SE - - 0.0002 0.0003 0.1 - - 0.001 - 0.0001 0.37 0.0042 - - 0.0002 - - 0.0000 0.0003 0.0000 - 

 
Camp1 n 0 4 4 4 4 0 0 4 0 4 4 4 0 4 4 0 0 4 4 4 0 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-25 

Table 2H-2: Summary statistics for total metals and dissolved chloride, fluoride, and sulphate measured across the study area: 2001–2006. All units are mg/L 

Waterbody 
Site 
ID  

Mercury 6 Mercury 7 Molybdenum Nickel Potassium Rubidiuim Selenium 8 Selenium 9 Silver 10 Silver 11 Sodium Strontium Tellurium Thallium Tin Titanium Tungsten Uranium Vanadium Zinc Zirconium 

Nelson River s. nearshore Camp2 Mean - <0.00005 0.0005 0.002 2.6 - - 0.001 - 0.0002 11.18 0.0766 - 0.0001 0.0011 - - 0.0005 0.0033 0.0100 - 

 
Camp2 Median - <0.00005 0.0005 0.003 2.5 - - <0.001 - 0.0002 11.10 0.0755 - <0.0001 0.0010 - - 0.0005 0.0035 0.0100 - 

 
Camp2 Minimum - <0.00005 0.0004 <0.002 2.2 - - <0.001 - <0.0001 10.40 0.0687 - <0.0001 <0.0005 - - 0.0004 0.0020 0.0100 - 

 
Camp2 Maximum - 0.00008 0.0005 0.003 3.0 - - 0.003 - 0.0003 12.10 0.0866 - 0.0003 0.0023 - - 0.0006 0.0040 0.0100 - 

 
Camp2 SD - - 0.0001 0.001 0.3 - - 0.001 - 0.0001 0.77 0.0078 - 0.0001 0.0009 - - 0.0001 0.0010 0.0000 - 

 
Camp2 SE - - 0.0000 0.000 0.2 - - 0.001 - 0.00006 0.39 0.0039 - 0.0001 0.0004 - - 0.0000 0.0005 0.0000 - 

 
Camp2 n 0 4 4 4 4 0 0 4 0 4 4 4 0 4 4 0 0 4 4 4 0 

Stephens Lake STL1 Mean <0.0003 <0.00005 0.0006 0.004 2.6 0.0036 <0.002 <0.001 <0.0005 <0.0001 13.91 0.0946 <0.001 <0.0001 0.0009 0.0427 <0.0002 0.0006 0.0026 0.0112 0.0016 

 
STL1 Median <0.0003 <0.00005 0.0006 0.003 2.6 0.0035 <0.002 <0.001 <0.0005 <0.0001 14.33 0.0959 <0.001 <0.0001 <0.0005 0.0405 <0.0002 0.0006 0.0022 0.0100 0.0018 

 
STL1 Minimum <0.0003 <0.00005 0.0005 <0.002 2.2 0.0031 <0.002 <0.001 <0.0005 <0.0001 10.60 0.0690 <0.001 <0.0001 <0.0005 0.0326 <0.0002 0.0004 0.0010 0.0100 0.0012 

 
STL1 Maximum <0.0003 0.00008 0.0010 0.030 2.9 0.0047 0.003 0.005 0.0010 0.0002 17.60 0.1170 <0.001 0.0002 0.0041 0.0590 <0.0002 0.0007 0.0040 0.0200 0.0018 

 
STL1 SD - - 0.0001 0.006 0.2 0.0006 - 0.001 - - 2.20 0.0127 - - 0.0011 0.0098 - 0.0001 0.0008 0.0032 0.0003 

 
STL1 SE - - 0.0000 0.001 0.0 0.0003 - 0.000 - - 0.51 0.0029 - - 0.0003 0.0044 - 0.0000 0.0002 0.0008 0.0001 

 
STL1 n 5 14 19 19 19 5 5 14 5 14 19 19 5 19 19 5 5 18 18 18 5 

Stephens Lake GT1 Mean - <0.00005 0.0006 0.002 2.5 0.0034 - <0.001 - <0.0001 12.30 0.0878 <0.001 0.0001 0.0012 0.0357 0.0004 0.0005 0.0027 0.0108 0.0016 

 
GT1 Median - <0.00005 0.0005 0.002 2.6 0.0037 - <0.001 - <0.0001 11.95 0.0879 <0.001 <0.0001 <0.0005 0.0370 0.0003 0.0005 0.0030 0.0100 0.0015 

 
GT1 Minimum - <0.00005 0.0004 <0.002 2.1 0.0022 - <0.001 - <0.0001 10.10 0.0657 <0.001 <0.0001 <0.0005 0.0173 <0.0002 0.0004 0.0020 0.0100 0.0013 

 
GT1 Maximum - 0.00014 0.0009 0.003 2.8 0.0041 - <0.001 - 0.0005 15.30 0.1110 <0.001 0.0006 0.0054 0.0514 0.0008 0.0006 0.0030 0.0200 0.0020 

 
GT1 SD - - 0.0001 0.0008 0.2 0.0009 - - - 0.0001 1.69 0.0132 - 0.0002 0.0016 0.0142 0.0003 0.0001 0.0005 0.0029 0.0003 

 
GT1 SE - - 0.0000 0.0002 0.1 0.0004 - - - 0.00004 0.49 0.0038 - 0.00005 0.0005 0.0071 0.0002 0.0000 0.0001 0.0008 0.0001 

 
GT1 n 0 12 12 12 12 4 0 12 0 12 12 12 4 12 12 4 4 12 12 12 4 

Nelson River NR4 Mean - <0.00005 0.0006 0.002 2.4 0.0032 - 0.0010 - <0.0001 12.08 0.0869 <0.001 <0.0001 0.0028 0.0404 0.0001 0.0005 0.0023 0.0115 0.0010 

 
NR4 Median - <0.00005 0.0005 0.002 2.5 0.0032 - <0.001 - <0.0001 11.52 0.0863 <0.001 <0.0001 0.0022 0.0373 <0.0002 0.0005 0.0022 0.0100 0.0010 

 
NR4 Minimum - <0.00005 0.0004 <0.002 2.0 0.0022 - <0.001 - <0.0001 9.61 0.0619 <0.001 <0.0001 <0.0005 0.0209 <0.0002 0.0004 0.0010 0.0100 0.0006 

 
NR4 Maximum - 0.00006 0.0020 0.0030 2.8 0.0038 - 0.008 - <0.0001 14.63 0.1013 <0.001 0.0002 0.0084 0.0697 0.0002 0.0006 0.0030 0.0300 0.0015 

 
NR4 SD - - 0.0004 0.0007 0.2 0.0006 - 0.002 - 0.00005 1.66 0.0121 - 0.00004 0.0027 0.0173 0.0001 0.0001 0.0007 0.0053 0.0003 

 
NR4 SE - - 0.0001 0.0002 0.1 0.0002 - 0.0005 - 0.00001 0.44 0.0032 - 0.00001 0.0007 0.0070 0.0000 0.0000 0.0002 0.0014 0.0001 

 
NR4 n 0 13 14 14 14 6 0 14 0 14 14 14 6 14 14 6 6 14 14 14 6 

Nelson River NR5 Mean - 0.000069 0.0005 <0.002 2.3 0.0031 - <0.001 - 0.0001 11.68 0.0858 <0.001 <0.0001 <0.0005 0.0315 0.0011 0.0005 0.0020 0.0164 0.0013 

 
NR5 Median - <0.00005 0.0005 <0.002 2.4 0.0034 - <0.001 - <0.0001 11.20 0.0807 <0.001 <0.0001 <0.0005 0.0339 <0.0002 0.0005 0.0020 0.0100 0.0014 

 
NR5 Minimum - <0.00005 0.0004 <0.002 1.7 0.0017 - <0.001 - <0.0001 9.39 0.0749 <0.001 <0.0001 <0.0005 0.0123 <0.0002 0.0004 0.0010 0.0100 0.0006 

 
NR5 Maximum - 0.00032 0.0006 0.004 2.7 0.0040 - 0.002 - 0.0006 14.30 0.1090 0.001 0.0001 0.0018 0.0461 0.0039 0.0006 0.0030 0.0500 0.0017 

 
NR5 SD - 0.00010 0.0001 - 0.3 0.0010 - 0.0005 - 0.0002 1.45 0.0113 - - - 0.0151 0.0019 0.0001 0.0004 0.0129 0.0005 

 
NR5 SE - 0.00003 0.0000 - 0.1 0.0005 - 0.0001 - 0.00005 0.44 0.0034 - - - 0.0076 0.0010 0.0000 0.0001 0.0039 0.0003 

 
NR5 n 0 11 11 11 11 4 0 11 0 11 11 11 4 11 11.00000 4 4 11 11 11 4 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-26 

Table 2H-2: Summary statistics for total metals and dissolved chloride, fluoride, and sulphate measured across the study area: 2001–2006. All units are mg/L 

Waterbody 
Site 
ID  

Mercury 6 Mercury 7 Molybdenum Nickel Potassium Rubidiuim Selenium 8 Selenium 9 Silver 10 Silver 11 Sodium Strontium Tellurium Thallium Tin Titanium Tungsten Uranium Vanadium Zinc Zirconium 

Nelson River NR6 Mean - <0.00005 0.0006 <0.002 2.4 0.0031 - <0.001 - 0.00011 12.03 0.0874 <0.001 <0.0001 <0.0005 0.0333 0.0004 0.0005 0.0023 0.0150 0.0010 

 
NR6 Median - <0.00005 0.0006 <0.002 2.5 0.0032 - <0.001 - <0.0001 12.05 0.0875 <0.001 <0.0001 <0.0005 0.0325 <0.0002 0.0005 0.0020 0.0100 0.0012 

 
NR6 Minimum - <0.00005 0.0004 <0.002 1.9 0.0020 - <0.001 - <0.0001 9.44 0.0684 <0.001 <0.0001 <0.0005 0.0169 <0.0002 0.0004 0.0010 0.0100 0.0002 

 
NR6 Maximum - 0.00018 0.0008 0.003 2.8 0.0041 - 0.001 - 0.0003 14.00 0.1030 <0.001 0.0001 0.0013 0.0514 0.0014 0.0006 0.0030 0.0400 0.0016 

 
NR6 SD - - 0.0001 - 0.3 0.0009 - - - 0.0001 1.39 0.0112 - - - 0.0154 0.0007 0.0001 0.0007 0.0100 0.0006 

 
NR6 SE - - 0.0000 - 0.1 0.0004 - - - 0.00003 0.40 0.0032 - - - 0.0077 0.0003 0.0000 0.0002 0.0029 0.0003 

  NR6 n 0 12 12 12 12 4 0 12 0 12 12 12 4 12 12 4 4 12 12 12 4 

1. Measured at an analytical detection limit of 0.0002 mg/L. 
2. Measured at an analytical detection limit of 0.00002 mg/L. 
3. SD=standard deviation. 
4. SE=standard error. 
5. N=sample size. 
6. Measured at an analytical detection limit of 0.0003 mg/L 
7. Measured at an analytical detection limit of 0.00005 mg/L. 
8. Measured at an analytical detection limit of 0.002 mg/L. 
9. Measured at an analytical detection limit of 0.001 mg/L. 
10. Measured at an analytical detection limit of 0.0005 mg/L. 
11. Measured at an analytical detection limit of 0.0001 mg/L. 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-27 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOG) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Site ID 
  Antimony  Arsenic  Barium  Boron  Cadmium  Chloride  Chromium  Copper  Fluoride  Iron  Lead  Manganese 

  Total Diss  Total Diss  Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC  0.006   0.010   1   5   0.005     0.05      1.5     0.01     

 Drinking water AO                 250     1     0.3      0.05  

Aiken River AK-1 # Samples  8 0  8 0  8 0  8 0  8 0  8  8 0  8 0  8  8 0  8 0  8 0 

  # Detected  0 -  3 -  8 -  0 -  2 -  0  0 -  5 -  3  8 -  2 -  8 - 

  % Detected  0 -  38 -  100 -  0 -  25 -  0  0 -  63 -  38  100 -  25 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  4 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  50 -  - -  0 - 

Burntwood River at  SPL-1 # Samples  12 0  12 0  12 0  12 0  12 0  12  12 0  12 0  8  12 0  12 0  12 0 

Split Lake  # Detected  0 -  4 -  12 -  1 -  1 -  0  12 -  12 -  5  12 -  10 -  12 - 

  % Detected  0 -  33 -  100 -  8 -  8 -  0  100 -  100 -  63  100 -  83 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  12 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Nelson River upstream of  SPL-9 # Samples  4 0  4 0  4 0  4 0  4 0  4  4 0  4 0  0  4 0  4 0  4 0 

Kelsey GS  # Detected  0 -  4 -  4 -  3 -  0 -  4  4 -  4 -  -  4 -  2 -  4 - 

  % Detected  0 -  100 -  100 -  75 -  0 -  100  100 -  100 -  -  100 -  50 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  -  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  -  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  4 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Nelson River at Split Lake SPL-2 # Samples  4 0  4 0  4 0  4 0  4 0  4  4 0  4 0  0  4 0  4 0  4 0 

  # Detected  0 -  4 -  4 -  3 -  2 -  4  3 -  4 -  -  4 -  1 -  4 - 

  % Detected  0 -  100 -  100 -  75 -  50 -  100  75 -  100 -  -  100 -  25 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  -  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  -  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  4 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-28 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOG) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Site ID 
  Antimony  Arsenic  Barium  Boron  Cadmium  Chloride  Chromium  Copper  Fluoride  Iron  Lead  Manganese 

  Total Diss  Total Diss  Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC  0.006   0.010   1   5   0.005     0.05      1.5     0.01     

 Drinking water AO                 250     1     0.3      0.05  

Split Lake near  SPL-5 # Samples  1 0  1 0  1 0  1 0  1 0  1  1 0  1 0  1  1 0  1 0  1 0 

York Landing  # Detected  0 -  1 -  1 -  0 -  0 -  1  0 -  0 -  1  1 -  0 -  1 - 

  % Detected  0 -  100 -  100 -  0 -  0 -  100  0 -  0 -  100  100 -  0 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  1 -  - -  1 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  100 - 

Split Lake near  YL-1 # Samples  11 0  11 0  11 0  11 0  11 0  11  11 0  11 0  8  11 0  11 0  11 0 

York Landing  # Detected  0 -  11 -  11 -  3 -  0 -  11  2 -  11 -  3  11 -  4 -  11 - 

  % Detected  0 -  100 -  100 -  27 -  0 -  100  18 -  100 -  38  100 -  36 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  10 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  91 -  - -  0 - 

Split Lake upstream of   SPL-7 # Samples  19 12  19 12  19 12  19 12  19 12  19  19 12  19 12  15  19 12  19 12  19 12 

Split Lake community  # Detected  2 1  19 12  19 12  6 12  3 0  19  12 2  18 12  7  19 11  17 2  19 12 

  % Detected  11 8  100 100  100 100  32 100  16 0  100  63 17  95 100  47  100 92  89 17  100 100 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  19 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Split Lake outlet SPL-8 # Samples  4 0  4 0  4 0  4 0  4 0  4  4 0  4 0  0  4 0  4 0  4 0 

  # Detected  0 -  4 -  4 -  2 -  1 -  0  3 -  3 -  -  4 -  3 -  4 - 

  % Detected  0 -  100 -  100 -  50 -  25 -  0  75 -  75 -  -  100 -  75 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  -  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  -  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  4 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-29 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOG) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Site ID 
  Antimony  Arsenic  Barium  Boron  Cadmium  Chloride  Chromium  Copper  Fluoride  Iron  Lead  Manganese 

  Total Diss  Total Diss  Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC  0.006   0.010   1   5   0.005     0.05      1.5     0.01     

 Drinking water AO                 250     1     0.3      0.05  

Clark Lake Outlet CL-1 # Samples  4 0  4 0  4 0  4 0  4 0  4  4 0  4 0  0  4 0  4 0  4 0 

  # Detected  0 -  4 -  4 -  2 -  2 -  4  4 -  3 -  -  4 -  2 -  4 - 

  % Detected  0 -  100 -  100 -  50 -  50 -  100  100 -  75 -  -  100 -  50 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  -  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  -  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  4 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Nelson River NR-2 # Samples  17 0  17 0  17 0  17 0  17 0  17  17 0  17 0  13  17 0  17 0  17 0 

  # Detected  2 -  17 -  17 -  4 -  2 -  17  9 -  16 -  9  17 -  14 -  17 - 

  % Detected  12 -  100 -  100 -  24 -  12 -  100  53 -  94 -  69  100 -  82 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  17 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Nelson River Camp-1 # Samples  4 0  4 0  4 0  4 0  4 0  4  4 0  4 0  4  4 0  4 0  4 0 

  # Detected  1 -  4 -  4 -  0 -  0 -  4  3 -  4 -  3  4 -  4 -  4 - 

  % Detected  25 -  100 -  100 -  0 -  0 -  100  75 -  100 -  75  100 -  100 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  4 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Nelson River Camp-2 # Samples  4 0  4 0  4 0  4 0  4 0  4  4 0  4 0  4  4 0  4 0  4 0 

  # Detected  0 -  4 -  4 -  0 -  0 -  4  3 -  4 -  3  4 -  3 -  4 - 

  % Detected  0 -  100 -  100 -  0 -  0 -  100  75 -  100 -  75  100 -  75 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  4 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-30 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOG) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Site ID 
  Antimony  Arsenic  Barium  Boron  Cadmium  Chloride  Chromium  Copper  Fluoride  Iron  Lead  Manganese 

  Total Diss  Total Diss  Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC  0.006   0.010   1   5   0.005     0.05      1.5     0.01     

 Drinking water AO                 250     1     0.3      0.05  

Stephens Lake  STL-1 # Samples  20 13  20 13  20 13  20 13  20 13  20  20 13  20 13  16  20 13  20 13  20 13 

  # Detected  3 1  19 13  20 13  7 13  4 0  20  12 0  20 13  11  20 11  15 6  20 13 

  % Detected  15 8  95 100  100 100  35 100  20 0  100  60 0  100 100  69  100 85  75 46  100 100 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  20 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Stephens Lake near  GT-1 # Samples  13 0  13 0  13 0  13 0  13 0  13  13 0  13 0  9  13 0  13 0  13 0 

Gillam  # Detected  1 -  13 -  13 -  2 -  1 -  13  6 -  13 -  5  13 -  9 -  13 - 

  % Detected  8 -  100 -  100 -  15 -  8 -  100  46 -  100 -  56  100 -  69 -  100 - 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  13 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Nelson River at   NR-4 # Samples  15 9  15 9  15 9  15 9  15 9  15  15 9  15 9  10  15 9  15 9  15 9 

Long Spruce GS (reservoir)  # Detected  0 0  15 9  15 9  2 9  2 0  15  8 0  14 9  6  15 6  9 2  15 9 

  % Detected  0 0  100 100  100 100  13 100  13 0  100  53 0  93 100  60  100 67  60 22  100 100 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  15 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

Nelson River NR-5 # Samples  11 7  11 7  11 7  11 7  11 7  11  11 7  11 7  7  11 7  11 7  11 7 

  # Detected  0 0  10 7  11 7  1 7  1 0  11  5 0  10 7  4  11 5  2 2  11 7 

  % Detected  0 0  91 100  100 100  9 100  9 0  100  45 0  91 100  57  100 71  18 29  100 100 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  10 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  91 -  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-31 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOG) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Site ID 
  Antimony  Arsenic  Barium  Boron  Cadmium  Chloride  Chromium  Copper  Fluoride  Iron  Lead  Manganese 

  Total Diss  Total Diss  Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC  0.006   0.010   1   5   0.005     0.05      1.5     0.01     

 Drinking water AO                 250     1     0.3      0.05  

Nelson River NR-6 # Samples  12 8  12 8  12 8  12 8  12 8  12  12 8  12 8  8  12 8  12 8  12 8 

  # Detected  1 0  11 8  12 8  1 8  3 2  12  5 1  11 8  5  12 5  2 0  12 8 

  % Detected  8 0  92 100  100 100  8 100  25 25  100  42 13  92 100  63  100 63  17 0  100 100 

  # Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  % Above MAC  0 -  0 -  0 -  0 -  0 -  -  0 -  - -  0  - -  0 -  - - 

  # Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  12 -  - -  0 - 

  % Above AO  - -  - -  - -  - -  - -  0  - -  0 -  -  100 -  - -  0 - 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-32 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Location ID 
 Mercury  Selenium  Sodium  Sulphate  Uranium  Zinc 

 Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC 0.001   0.01        0.02     

 Drinking AO       200   500     500  

Aiken River AK-1 # Samples 8 0  8 0  8 0  8  8 0  8 0 

  # Detected 0 -  0 -  8 -  8  4 -  0 - 

  % Detected 0 -  0 -  100 -  100  50 -  0 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Burntwood River at  SPL-1 # Samples 12 0  12 0  12 0  12  12 0  12 0 

Split Lake  # Detected 0 -  1 -  12 -  9  12 -  2 - 

  % Detected 0 -  8 -  100 -  75  100 -  17 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Nelson River upstream of  SPL-9 # Samples 4 0  4 0  4 0  4  4 0  4 0 

Kelsey GS  # Detected 0 -  1 -  4 -  4  4 -  1 - 

  % Detected 0 -  25 -  100 -  100  100 -  25 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Nelson River at Split Lake SPL-2 # Samples 4 0  4 0  4 0  4  4 0  4 0 

  # Detected 0 -  0 -  4 -  4  4 -  1 - 

  % Detected 0 -  0 -  100 -  100  100 -  25 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-33 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Location ID 
 Mercury  Selenium  Sodium  Sulphate  Uranium  Zinc 

 Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC 0.001   0.01        0.02     

 Drinking AO       200   500     500  

Split Lake near  SPL-5 # Samples 1 0  1 0  1 0  1  1 0  1 0 

York Landing  # Detected 0 -  0 -  1 -  1  0 -  0 - 

  % Detected 0 -  0 -  100 -  100  0 -  0 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Split Lake near  YL-1 # Samples 11 0  11 0  11 0  11  11 0  11 0 

York Landing  # Detected 2 -  1 -  11 -  11  11 -  1 - 

  % Detected 18 -  9 -  100 -  100  100 -  9 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Split Lake upstream of  SPL-7 # Samples 19 12  19 12  19 12  19  19 12  19 12 

Split Lake community  # Detected 0 0  1 0  19 12  19  19 12  4 1 

  % Detected 0 0  5 0  100 100  100  100 100  21 8 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Split Lake outlet SPL-8 # Samples 4 0  4 0  4 0  4  4 0  4 0 

  # Detected 0 -  2 -  4 -  4  4 -  4 - 

  % Detected 0 -  50 -  100 -  100  100 -  100 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-34 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Location ID 
 Mercury  Selenium  Sodium  Sulphate  Uranium  Zinc 

 Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC 0.001   0.01        0.02     

 Drinking AO       200   500     500  

Clark Lake Outlet CL-1 # Samples 4 0  4 0  4 0  4  4 0  4 0 

  # Detected 0 -  0 -  4 -  4  4 -  3 - 

  % Detected 0 -  0 -  100 -  100  100 -  75 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Nelson River NR-2 # Samples 17 0  17 0  17 0  17  17 0  17 0 

  # Detected 0 -  3 -  17 -  17  17 -  2 - 

  % Detected 0 -  18 -  100 -  100  100 -  12 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Nelson River Camp-1 # Samples 4 0  4 0  4 0  4  4 0  4 0 

  # Detected 1 -  1 -  4 -  4  4 -  0 - 

  % Detected 25 -  25 -  100 -  100  100 -  0 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Nelson River Camp-2 # Samples 4 0  4 0  4 0  4  4 0  4 0 

  # Detected 1 -  1 -  4 -  4  4 -  0 - 

  % Detected 25 -  25 -  100 -  100  100 -  0 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-35 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Location ID 
 Mercury  Selenium  Sodium  Sulphate  Uranium  Zinc 

 Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC 0.001   0.01        0.02     

 Drinking AO       200   500     500  

Stephens Lake  STL-1 # Samples 20 13  20 13  20 13  20  20 12  20 13 

  # Detected 3 0  3 0  20 13  20  20 12  5 4 

  % Detected 15 0  15 0  100 100  100  100 100  25 31 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Stephens Lake near  GT-1 # Samples 13 0  13 0  13 0  13  13 0  13 0 

Gillam  # Detected 1 -  0 -  13 -  13  13 -  1 - 

  % Detected 8 -  0 -  100 -  100  100 -  8 - 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Nelson River at  NR-4 # Samples 15 9  15 9  15 9  15  15 9  15 9 

Long Spruce GS (reservoir)  # Detected 3 0  1 0  15 9  15  15 9  5 1 

  % Detected 20 0  7 0  100 100  100  100 100  33 11 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 

Nelson River NR-5 # Samples 11 7  11 7  11 7  11  11 7  11 7 

  # Detected 3 0  1 0  11 7  10  11 7  4 0 

  % Detected 27 0  9 0  100 100  91  100 100  36 0 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-36 

Table 2H-3: Detection frequencies and frequencies of exceedances of Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOGs) and Canadian Council of Ministers of the Environment (CCME) 

guidelines for drinking water for metals (Total and Dissolved [Diss]) measured in the study area: open water season 2001–2004. Guidelines include maximum acceptable concentrations (MAC) and 

aesthetic objectives (AO). All units are mg/L 

Sample Location Location ID 
 Mercury  Selenium  Sodium  Sulphate  Uranium  Zinc 

 Total Diss  Total Diss  Total Diss  Diss  Total Diss  Total Diss 

MWQSOGs Drinking water MAC 0.001   0.01        0.02     

 Drinking AO       200   500     500  

Nelson River NR-6 # Samples 12 8  12 8  12 8  12  12 8  12 8 

  # Detected 1 0  1 0  12 8  12  12 8  4 0 

  % Detected 8 0  8 0  100 100  100  100 100  33 0 

  # Above MAC 0 -  0 -  - -  -  0 -  - - 

  % Above MAC 0 -  0 -  - -  -  0 -  - - 

  # Above AO - -  - -  0 -  0  - -  0 - 

  % Above AO - -  - -  0 -  0  - -  0 - 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-37 

Table 2H-4: Summary of microbiological data collected in the study area 

Sample Location 
Sample  

ID 
Years 

Fecal Coliform 

(CFU/100 mL) 

 Cryptosporidium (oocysts/10 L)  Giardia (cysts/L) 1 

 Viable oocysts Nonviable oocysts Amorphous  Viable cysts Nonviable cysts Amorphous 

Range n 1 % Detection  Range % Detection Range % Detection Range % Detection  Range % Detection Range % Detection Range % Detection 

Open water Season                  

Split Lake  SPL1 2002–2003 7–33 8 100  0-1 12.5 0–1 25 0 0  0 0 0–3 50 0 0 

Split Lake SPL7 2001–2003 <1–<10 12 33  0 0 0–1 8 0 0  0–1 8 0–2 17 0–1 8 

York Landing  YL1 2002–2004 <1–10 12 8  0 0 0 0 0 0  0 0 0–1 8 0 0 

Aiken River  AK1 2002–2004 <1–40 8 50  0-1 29 0–1 14 0–1 13  0 0 0–1 29 0–2 14 

Stephens Lake  GT1 2002–2003 <1–<10 8 25  0 0 0 0 0 0  0 0 0–1 13 0 0 

Nelson River NR2 2001–2003 <1–<10 12 8  0 0 0 0 0 0  0 0 0–2 8 0 0 

Camp Camp1 2003 1–12 4 75  0 0 0 0 0 0  0 0 0 0 0 0 

Camp Camp2 2003 1–<10 4 50  0 0 0 0 0 0  0 0 0 0 0 0 

Stephens Lake STL1 2001–2003 <1–10 12 33  0 0 0 0 0 0  0 0 0–3 25 0–1 8 

Nelson River  NR4 2002–2003 <1–14 8 38  0 0 0 0 0 0  0 0 0–1 13 0 0 

Nelson River  NR5 2002–2003 1–20 7 71  0 0 0–1 14 0 0  0 0 0–2 29 0 0 

Nelson River  NR6 2002–2003 <1–10 8 63  0 0 0 0 0 0  0 0 0–3 25 0 0 

                     

Ice-Cover Season                  

Split Lake SPL5 2004 <1 1 0  0 0 0 0 0 0  0 0 0 0 0 0 

Split Lake  SPL7 2001, 2004 2–32 2 100  0 0 0 0 0 0  0 0 0 0 0 0 

Nelson River NR2 2003 <10 1 0  0 0 0 0 0 0  0 0 0 0 0 0 

Stephens Lake  STL1 2001, 2003–2004 10–15 3 100  0 0 0 0 0 0  0–2 67 0 0 0 0 

Stephens Lake GT1 2003 40 1 100  0 0 0 0 0 0  0 0 0 0 0 0 

Nelson River NR4 2003–2004 6–<10 2 50  0 0 0 0 0 0  0 0 0 0 0 0 

1. n=sample size. 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-38 

Table 2H-5: Dissolved oxygen (DO) measurements collected at core water quality 

sampling sites: winter 2001–2006 

Sample Location Location ID 
Sample 
Date 

Sampling Depth 
(m) 

Temperature 
(°C) 

DO 
(mg/L) 

Ice-Cover Season 2001      

Split Lake  SPL1 20-Mar-01 Near Surface 0.1 15.82 

Split Lake  SPL3 20-Mar-01 Near Surface 0.1 16.38 

Split Lake  SPL4 20-Mar-01 Near Surface 0.2 14.41 

Split Lake  SPL5 19-Mar-01 Near Surface 0.3 8.20 

Split Lake  SPL6 19-Mar-01 Near Surface 0.2 14.81 

Split Lake  SPL7 19-Mar-01 Near Surface 0.3 14.72 

Split Lake  SPL8 19-Mar-01 Near Surface 0.5 14.54 

Assean Lake  AL1 25-Mar-01 Near Surface 1.0 15.30 

Assean Lake  AL2 25-Mar-01 Near Surface 0.4 10.45 

Nelson River   NR1 24-Mar-01 Near Surface 0.7 16.24 

Stephens Lake  STL1 24-Mar-01 Near Surface 0.2 14.42 

Ice-Cover Season 2002      

Split Lake  SPL1 18-Mar-02 Near Surface 0.1 13.50 

Split Lake  SPL3 18-Mar-02 Near Surface 0.1 14.14 

Split Lake  SPL4 20-Mar-02 Near Surface 0.1 12.50 

Split Lake  SPL5 20-Mar-02 Near Surface 0.3 13.84 

Split Lake  SPL6 20-Mar-02 Near Surface 0.2 12.80 

Split Lake  SPL7 20-Mar-02 Near Surface 0.1 14.00 

Split Lake  SPL8 20-Mar-02 Near Surface 0.3 13.81 

Assean Lake  AL1 18-Mar-02 Near Surface 2.0 11.65 

Assean Lake  AL2 18-Mar-02 Near Surface 4.4 8.76 

Gull Lake  GL2 19-Mar-02 Near Surface 0.2 11.10 

Stephens Lake  STL1 19-Mar-02 Near Surface 0.2 12.33 

Stephens Lake  STL2 19-Mar-02 Near Surface 0.1 13.13 

Ice-Cover Season 2003      

Nelson River NR1 2-Apr-03 Near Surface 0.2 14.21 

Gull Lake GL1 2-Apr-03 Near Surface 0.2 15.97 

Gull Lake GL2 2-Apr-03 Near Surface 0.2 15.97 

Nelson River NR2 2-Apr-03 Near Surface 0.1 15.13 

Stephens Lake STL1 2-Apr-03 Near Surface 0.2 16.11 

Stephens Lake STL2 2-Apr-03 Near Surface 0.2 14.24 

Stephens Lake GT1 3-Apr-03 Near Surface 0.4 17.16 

Nelson River NR3 2-Apr-03 Near Surface 0.1 13.12 

Nelson River NR4 2-Apr-03 Near Surface 0.2 12.24 

Limestone River LR1 2-Apr-03 Near Surface 0.2 10.59 

Angling River AR1 3-Apr-03 Near Surface 0.3 7.36 

Weir River WR1 4-Mar-03 Near Surface 0.1 3.44 

Ice-Cover Season 2004      

Split Lake SPL1 16-Mar-04 Near Surface 0.1 15.43 

Split Lake SPL5 16-Mar-04 Near Surface 0.1 6.96 

Split Lake SPL7 16-Mar-04 Near Surface 0.8 15.99 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-39 

Table 2H-5: Dissolved oxygen (DO) measurements collected at core water quality 

sampling sites: winter 2001–2006 

Sample Location Location ID 
Sample 
Date 

Sampling Depth 
(m) 

Temperature 
(°C) 

DO 
(mg/L) 

Gull Lake GL2 15-Mar-04 Near Surface 0.2 14.31 

Nelson River NR2 15-Mar-04 Near Surface 0.2 13.32 

Stephens Lake STL1 15-Mar-04 Near Surface 0.2 13.51 

Nelson River  NR3 15-Mar-04 Near Surface 0.1 13.23 

Nelson River  NR4 15-Mar-04 Near Surface 0.1 13.53 

Ice-Cover Season 2006      

Long Spruce GS reservoir NR3 22-Mar-06 0.1 0.7 13.32 

 NR3 22-Mar-06 7.0 0.4 13.61 

 NR3 22-Mar-06 14.0 0.4 13.26 

 NR3 22-Mar-06 21.0 0.2 12.32 

 NR3 22-Mar-06 27.3 0.1 12.06 

Limestone GS reservoir NR4 22-Mar-06 0.1 0.1 12.92 

 NR4 22-Mar-06 8.0 0.0 13.53 

 NR4 22-Mar-06 16.0 0.1 12.81 

 NR4 22-Mar-06 24.0 0.0 11.43 

 NR4 22-Mar-06 29.0 0.0 11.71 

Limestone River LR1 19-Mar-06 Near Surface 1.2 9.09 

Beaver Creek BC1 19-Mar-06 Near Surface 1.0 12.54 

Swift Creek1 SC1 19-Mar-06 Near Surface - - 

Tiny Creek TC1 19-Mar-06 Near Surface 1.6 14.58 

Goose Creek1 GC1 19-Mar-06 Near Surface - - 

Creek 151 15C 19-Mar-06 Near Surface - - 

Angling River AR1 19-Mar-06 Near Surface 1.0 12.21 

Weir River2 WR1 19-Mar-06 Near Surface - - 

1. Creek mouth dry - no water sample obtained. 
2. Site inaccessible. 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-40 

Table 2H-6: Statistical summary of laboratory water quality data collected at the north and south access road stream 

crossing sites 

Sample Location Site ID 
Sample 

Date 

Nitrogen  Phosphorus  
Organic  

Carbon (OC) 
 Water Clarity  

Chlor a Pheo. 

 

pH 
Dissolved 

Ammonia 

Dissolved 

Nitrate/ 

nitrite 

TKN1  Diss Total  Total Diss  

Total 

Suspended 

Solids 

Turbidity   

(mg/L N) (mg/L N) (mg/L)  (mg/L) (mg/L)  (mg/L) (mg/L)  (mg/L) (NTU)  (ug/L) (ug/L)   

Stream Crossing 1: Unnamed Tributary 

North Access Road 

SC1 2003 open 

water mean 

0.008 0.008 0.7  0.007 0.018  16 16  2 1.4  7 1  6.98 

Stream Crossing 1: Unnamed Tributary 

North Access Road 

SC1 2004 open 

water mean 

<0.003 0.008 0.5  0.007 0.010  17 17  <2 1.3  <1 <1  7.54 

Stream Crossing 1: Unnamed Tributary 

North Access Road 

SC1 May 2005 0.005 0.007 0.4  0.006 0.012  15 15  2 3  <1 <1  7.24 

1 km upstream of Stream Crossing 

1: Unnamed Tributary North Access Road 

SC1 March 2005 - - -  - -  - -  44 23  - -  - 

1 km east (downstream of) Stream 

Crossing 2: Looking Back Creek 

SC2 2003 open 

water mean 

0.008 <0.005 0.6  0.013 0.030  17 17  7 8.8  5 <1  7.73 

1 km east (downstream of) Stream 

Crossing 2: Looking Back Creek 

SC2 2004 open 

water mean 

0.004 <0.005 0.6  0.010 0.031  18 18  22 18.1  2 <1  7.84 

Stream Crossing 2: Looking Back 

Creek 

SC2 May 2005 0.015 0.006 0.4  0.012 0.020  22 22  7 7  2 <1  7.50 

East of Stream Crossing 3: Gull 

Rapids Creek 

SC3 2003 open 

water mean 

0.007 <0.005 0.8  0.007 0.015  23 23  2 1.3  2 <1  6.87 

East of Stream Crossing 3: Gull 

Rapids Creek 

SC3 2004 open 

water mean 

<0.003 <0.005 0.6  0.006 0.009  19 19  <2 0.5  <1 <1  6.93 

Stream Crossing 3: Gull Rapids Creek SC3 May 2005 0.014 0.010 0.6  0.008 0.016  19 19  <2 1  3 <1  6.74 

Stream Crossing 4 SC4 May 2005 0.006 0.015 0.5  0.009 0.019  20 20  5 2  <1 <1  6.97 

Stream Crossing 5 SC5 May 2005 0.010 <0.005 0.9  0.007 0.021  19 19  12 4  2 <1  7.06 

1. TNK = total Kjeldahl nitrogen. 

Chlor = Chlorophyll, Pheo = Pheophytin 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-41 

Table 2H-7: Statistical summary of in situ water quality data collected at the north and south access road stream crossing 

sites 

Sample Location Site ID Sampling Period Time 
Temperature 

(°C) 

Dissolved Oxygen 

(mg/L) 

Specific 

Conductance 

(μS/cm) 

pH 

Stream Crossing 1:  

Unnamed Tributary North Access Road 
SC1 2003 open water mean Mean 13.6 6.80 99 7.05 

Stream Crossing 1:  

Unnamed Tributary North Access Road 
SC1 2004 open water mean Mean 6.5 11.52 196 7.54 

Stream Crossing 1:  

Unnamed Tributary North Access Road 
SC1 May 2005 - 4.6 9.25 - 7.71 

1 km upstream of Stream Crossing 1:  

Unnamed Tributary North Access Road 
SC1 March 2005 - 1.1 1.72 - - 

1 km east (downstream of) Stream Crossing 2:  

Looking Back Creek 
SC2 2003 open water mean Mean 14.8 9.63 199 7.95 

1 km east (downstream of) Stream Crossing 2:  

Looking Back Creek 
SC2 2004 open water mean Mean 11.3 9.47 204 7.75 

Stream Crossing 2:  

Looking Back Creek 
SC2 May 2005 - 5.8 12.62 70 - 

East of Stream Crossing 3:  

Gull Rapids Creek 
SC3 2003 open water mean Mean 12.3 7.08 123 7.23 

East of Stream Crossing 3:  

Gull Rapids Creek 
SC3 2004 open water mean Mean 9.0 7.34 97 6.89 

Stream Crossing 3:  

Gull Rapids Creek 
SC3 May 2005 - 4.1 7.06 53 7.96 

Stream Crossing 4 SC4 May 2005 - 7.4 6.60 78 7.88 

Stream Crossing 5 SC5 May 2005 - 8.4 7.68 70 7.98 
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-42 

 

Figure 2H-1: Total phosphorus box plots for data collected from Split Lake to Gillam Island in the open water seasons 

2001–2004. Data represent surface measurements  
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AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-43 

 

Figure 2H-2: Total Kjeldahl nitrogen (TKN) box plots for data collected from Split Lake to Gillam Island in the open water 

seasons 2001–2004. Data represent surface measurements 
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Figure 2H-3: Dissolved oxygen box plots for data collected from Split Lake to Gillam Island in the open water seasons 

2001–2004. Data represent surface measurements 
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Figure 2H-4: pH (laboratory) box plots for data collected from Split Lake to Gillam Island in the open water seasons 2001–

2004. Data represent surface measurements 
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Figure 2H-5: Turbidity (laboratory) box plots for data collected from Split Lake to Gillam Island in the open water seasons 

2001–2004. Data represent surface measurements 
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Figure 2H-6: Specific conductance (in situ) box plots for data collected from Split Lake to Gillam Island in the open water 

seasons 2001–2004. Data represent surface measurements 
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Figure 2H-7: Total suspended solids box plots for data collected from Split Lake to Gillam Island in the open water seasons 

2001–2004. Data represent surface measurements 
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Figure 2H-8: Linear regression between total phosphorus (TP) and total suspended 

solids (TSS) measured across the study area: open water seasons 1999–

2004. Regressions should be interpreted with caution; data did not meet 

the assumptions of normality 
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Figure 2H-9: Linear regression between total phosphorus (TP) and chlorophyll a 

measured (A) across the study area and (B) at mainstem sites only: open 

water seasons 1999–2004. Regressions should be interpreted with 

caution; data did not meet the assumptions of normality 
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Figure 2H-10: Total iron box plots for data collected in the study area in the open water 

seasons 2001–2004. Data represent surface measurements. Dashed line 

indicates the Manitoba and Canadian Council of Ministers of the 

Environment water quality guideline for the protection of aquatic life and 

the aesthetic drinking water quality guideline 

 

Figure 2H-11: Total aluminum box plots for data collected from the study area in the 

open water seasons 2001–2004. Data represent surface measurements. 

Dashed line indicates the Manitoba and Canadian Council of Ministers of 

the Environment water quality guideline for the protection of aquatic life  
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Figure 2H-12: Concentrations of iron measured in Split Lake from 1975–2006. Data 

provided by Manitoba Water Stewardship (2006). Horizontal dashed line 

indicates the Manitoba and Canadian Council of Ministers of the 

Environment water quality guideline for the protection of aquatic life and 

the aesthetic drinking water quality objective. The vertical line indicates 

the transition for measurements of iron as extractable (prior to 1998) and 

total (1998 onwards) forms 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY  2H-53 

 

Figure 2H-13: Concentrations of aluminum measured in Split Lake from 1975–2006. Data 

provided by Manitoba Water Stewardship (2006). The dashed line 

indicates the Manitoba and Canadian Council of Ministers of the 

Environment water quality guideline for the protection of aquatic life 
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Figure 2H-14: Linear regression between total suspended solids (TSS) and (A) iron, (B) 

aluminum, (C) barium, (D) cobalt, (E) manganese, (F) potassium, (G) 

vanadium, (H) chromium, and (I) titanium measured across the study 

area: open water seasons 1999–2004 
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Figure 2H-14: Linear regression between total suspended solids (TSS) and (A) iron, (B) 

aluminum, (C) barium, (D) cobalt, (E) manganese, (F) potassium, (G) 

vanadium, (H) chromium, and (I) titanium measured across the study 

area: open water seasons 1999–2004 
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Figure 2H-15: Dissolved oxygen depth profiles measured in the York Landing area April 

2007. Dashed lines represent the Manitoba instantaneous minimum DO 

objectives for the protection of cool-water and cold-water aquatic life 
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Figure 2H-16: Comparison of mean pH (laboratory) values measured in the open water and ice-cover seasons in the study 

area 2001–2007 
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Figure 2H-17: Specific conductance measured in the York Landing area: (A) February 

2007; and (B) April 2007. Values illustrated represent mean (depth-

averaged) in situ and laboratory measurements. Samples of surface water 

were collected for laboratory analysis at sites SPL10, YL1, YL2, SPL5, and 

AK1 in February and SPL10, YL1, YL2, and SPL5 in April 
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Figure 2H-18: Comparison of mean specific conductance (in situ) values measured in the open water and ice-cover seasons 

in the study area 2001–2007  
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Figure 2H-19: Dissolved oxygen (DO) data collected from near the water surface in John Garson Bay illustrating diurnal 

changes: (A) 5–15 July; (B) 16–31 July; (C) 1–15 August; and (D) 16 August to 1 September 2008
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Figure 2H-20: Dissolved oxygen (DO) measured from loggers installed at John Garson Bay along the Nelson River and 

24-hour average hourly wind speed measured at Gillam: summer 2008 
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Figure 2H-21: Dissolved oxygen (DO) and temperature measured from loggers installed at John Garson Bay along the 

Nelson River: summer 2008 
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Figure 2H-22: Linear regression between lab turbidity and total suspended solids (TSS) 

(A) and in situ turbidity and TSS (B) measured across the study area: open 

water seasons 1999–2004 
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Figure 2H23: Dissolved oxygen concentrations measured at sites located in the southwestern area of Stephens Lake (STL 

Southwest) and in the vicinity of O'Neil Bay (STL North). Sites in the north arm illustrated here represent a 

gradient from the nearshore area of O'Neil Bay out into the offshore area of the lake 
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Figure 2H-24: Dissolved oxygen (DO) and temperature measured from loggers installed at Ross Wright Bay in Stephens 

Lake: summer 2008 
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Figure 2H-25: Dissolved oxygen (DO) measured from loggers installed at Ross Wright Bay in Stephens Lake and 24-hour 

average hourly wind speed measured at Gillam: summer 2008 
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Figure 2H-26: Dissolved oxygen data collected from near the water surface in Ross Wright Bay in Stephens Lake illustrating 

diurnal changes: (A) 10–15 July; (B) 16–31 July; (C) 1–15 August; and (D) 16–28 August 2008 
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Figure 2H-27: Turbidity ((A) in situ and (B) laboratory)) measured at sites located in the 

southwestern area of Stephens Lake (STL Southwest) and in the vicinity of 

O'Neil Bay (STL North). Sites in the north arm illustrated here represent a 

gradient from the nearshore area of O'Neil Bay out into the offshore area 

of the lake 

(A)

(B)

0

10

20

30

40

50

60

70

80

SITE 1 SITE 2 SITE 8 SITE 7 SITE 16 SITE 6 SITE 13 SITE 5 SITE 15

Site

In
 s

it
u

 t
u

rb
id

it
y

 (
N

T
U

).
..

Aug-05 Aug-06

STL Southwest STL North

0

5

10

15

20

25

30

35

40

45

SITE 1 SITE 2 SITE 8 SITE 7 SITE 16 SITE 6 SITE 13 SITE 5 SITE 15

Site

L
a

b
 T

u
rb

id
it

y
 (

N
T

U
).

..

Aug-05 Aug-06

STL Southwest STL North



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-69 

 

Figure 2H-28: Total suspended solids (TSS) measured at sites located in the 

southwestern area of Stephens Lake (STL Southwest) and in the vicinity of 

O'Neil Bay (STL North). Sites in the north arm illustrated here represent a 

gradient from the nearshore area of O'Neil Bay out into the offshore area 

of the lake 

 

Figure 2H-29: Euphotic zone depth (z1) measured at sites located in the southwestern 

area of Stephens Lake (STL Southwest) and in the vicinity of O'Neil Bay 

(STL North). Sites in the north arm illustrated here represent a gradient 

from the nearshore area of O'Neil Bay out into the offshore area of the lake 
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Figure 2H-30: True colour measured at sites located in the southwestern area of 

Stephens Lake (STL Southwest) and in the vicinity of O'Neil Bay (STL 

North). Sites in the north arm illustrated here represent a gradient from 

the nearshore area of O'Neil Bay out into the offshore area of the lake 
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Figure 2H-31: Linear regression between (A) laboratory turbidity and Secchi disk depth 

and (B) total suspended solids (TSS) and Secchi disk depth measured 

across the study area: open water seasons 1999–2004 
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Figure 2H-32: Linear regression between total organic carbon (TOC) and Secchi disk 

depth measured across the study area: open water seasons 1999–2004 

 

 

Figure 2H-33: Linear regression between true colour and Secchi disk depth measured 

across the study area: open water seasons 1999–2004 
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Figure 2H-34: pH measured at sites located in the southwestern area of Stephens Lake 

(STL Southwest) and in the vicinity of O'Neil Bay (STL North). Sites in the 

north arm illustrated here represent a gradient from the nearshore area of 

O'Neil Bay out into the offshore area of the lake 

 

Figure 2H-35: Specific conductance measured at sites located in the southwestern area 

of Stephens Lake (STL Southwest) and in the vicinity of O'Neil Bay (STL 

North). Sites in the north arm illustrated here represent a gradient from 

the nearshore area of O'Neil Bay out into the offshore area of the lake 
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Figure 2H-36: Total phosphorus measured at sites located in the southwestern area of 

Stephens Lake (STL Southwest) and in the vicinity of O'Neil Bay (STL 

North). Sites in the north arm illustrated here represent a gradient from 

the nearshore area of O'Neil Bay out into the offshore area of the lake 

 

Figure 2H-37: Total Kjeldahl nitrogen (TKN) measured at sites located in the 

southwestern area of Stephens Lake (STL Southwest) and in the vicinity of 

O'Neil Bay (STL North). Sites in the north arm illustrated here represent a 

gradient from the nearshore area of O'Neil Bay out into the offshore area 

of the lake 
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Figure 2H-38: Dissolved organic carbon (DOC) measured at sites located in the 

southwestern area of Stephens Lake (STL Southwest) and in the vicinity of 

O'Neil Bay (STL North). Sites in the north arm illustrated here represent a 

gradient from the nearshore area of O'Neil Bay out into the offshore area 

of the lake  
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Figure 2H-39: Linear regression between total suspended solids (TSS) and true colour 

measured at sites located along the mainstem of the Nelson River: 2001–

2004  
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Figure 2H-40: Linear regression between total suspended solids (TSS) and total organic 

carbon (TOC) measured at sites located along the mainstem of the Nelson 

River: 2001–2004  

 

Figure 2H-41: Linear regression between total suspended solids (TSS) and total Kjeldahl 

nitrogen (TKN) measured across the study area: 2001–2004

R ² = 0.000

p > 0.921

0.6

0.7

0.8

0.9

1.0

1.1

0 0.5 1 1.5

Log TSS (mg/L)

L
o

g
 T

O
C

 (
m

g
/L

)..
.

Active Model
Conf. interval (Mean 95%) Conf. interval (Obs. 95%)

R² = 0.019

P > 0.003

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.0 0.5 1.0 1.5 2.0

Log TSS (mg/L)

L
o

g
 T

K
N

 (
m

g
/L

)..
.

Active Model
Conf. interval (Mean 95%) Conf. interval (Obs. 95%)



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 2: WATER AND SEDIMENT QUALITY  2H-78 

 

Figure 2H-42: Linear regression between total organic carbon (TOC) and true colour for 

data collected in the north arm of Stephens Lake: August 2005 and 2006 
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Table 2I-1: Heavy metal concentrations in northern Manitoba lake and river sediments, August 1979 (Williamson 1980) 

Site ID Location 
Latitude 

(deg min) 

Longitude 

(deg min) 

Depth of 

Sediment (cm) 

Copper 

(μg/g d.w.) 

Zinc 

(μg/g d.w.) 

Cadmium 

(ug/g d.w.) 

Nickel 

(μg/g d.w.) 

Lead 

(μg/g d.w.) 

Mercury 1 

(μg/g w.w.) 

Mercury 2 

(μg/g d.w.) 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

WQ050 Footprint Lake at Nelson House 55 46 98 54 1–3 34.0 0.0 123.0 4.6 3.0 0.0 70.0 0.0 32.0 0.0 0.04 0.006 0.08 0.0 

WQ385 Churchill River at Granville Lake 56 08 100 30 1–3 5.0 0.0 28.0 0.0 1.0 0.0 10.0 0.0 5.3 0.0 0.02 0.005 0.02 0.0 

WQ419 Snake Lake near outlet 56 36 101 36 1–3 92.6 58.5 200.0 89.3 4.0 0.0 19.3 1.15 35.0 8.18 0.03 0.01 0.29 0.07 

WQ095 Cocheram Lake near center of lake 56 50 101 53 1–3 426.7 55.0 121.3 5.9 2.0 0.0 616.7 104.1 21.0 0.0 0.02 0.005 0.08 0.03 

WQ389 Barrington River upstream of Opachuanau Lake 56 45 99 58 1–3 33.3 1.5 136.0 3.0 2.0 0.0 68.0 0.0 32.0 0.0 0.03 0.0 0.07 0.005 

WQ098 Rusty Lake near outlet 56 35 99 38 1–3 37.3 0.58 130.0 1.7 2.8 0.3 65.0 5.0 26.0 0.0 0.02 0.0 0.07 0.01 

WQ418 Rusty Lake near Vermillion River inlet 56 34 99 35 1–3 27.0 1.7 108.3 9.2 2.0 0.0 45.0 0.0 21.0 0.0 0.02 0.005 0.07 0.00 

WQ051 Southern Indian Lake at settlement 56 46 98 57 1–3 34.0 1.0 108.3 4.6 2.0 0.0 61.7 2.9 26.0 0.0 0.02 0.0 0.05 0.005 

WQ047 Split Lake near community 56 14 96 05 1–3 22.0 2.0 67.3 5.7 2.0 0.0 55.3 4.6 31.7 11.5 0.02 0.0 0.04 0.005 

WQ422 Apussigamasi Lake near inlet 54 49 97 42 1–3 25.3 1.2 80.0 1.7 2.0 0.0 83.0 0.0 20.0 0.0 0.02 0.005 0.04 0.00 

WQ093 Burntwood River at Thompson (Float plane base) 55 45 97 50 1–3 10.0 - 33.0 - 1.0 - 36.0 - 10.0 - 0.02 - 0.02 - 

WQ087 Schist Lake – south end 54 38 101 17 1–3 2833.3 305.5 60333.3 11547.0 252.0 72.0 69.3 4.6 216.7 5.8 0.06 0.02 0.24 0.06 

WQ088 Athapapuskow Lake at Bakers Narrows 54 40 101 40 1–3 125.3 25.4 1053.3 151.8 5.8 0.7 33.0 0.0 69.0 12.8 0.05 0.005 0.15 0.35 

WQ421 Reed Lake - northeast area 54 40 100 17 1–3 36.7 1.5 126.0 11.5 1.2 0.0 50.0 0.0 20.7 1.2 0.02 0.005 0.09 0.02 

WQ381 Wekusko Lake at Grass River Falls 54 48 99 57 1–3 4.3 0.6 21.0 1.7 1.0 0.0 11.0 0.0 5.0 0.0 0.01 0.0 - - 

WQ382 Wekusko Lake at Anderson Bay 54 49 99 57 1–3 25.0 10.6 84.0 30.3 1.2 0.0 39.7 18.9 17.3 6.4 0.03 0.005 0.07 0.017 

WQ420 Wekusko Lake at Herb Bay 54 52 99 51 1–3 43.3 2.1 211.3 25.0 2.0 0.0 61.7 2.1 37.7 2.5 0.03 0.005 0.10 0.01 

WQ413 Herblet Lake in West Bay 54 55 100 00 1–3 51.7 6.5 157.7 18.5 1.0 0.0 50.0 0.0 20.0 0.0 0.01 0.0 - - 

WQ362 Upper Ospwagan Lake - centre 55 32 98 05 1–3 34.7 3.5 283.3 50.3 2.0 0.0 69.3 5.1 38.3 4.7 0.02 0.005 0.04 0.01 

WQ442 Cross Lake at settlement 54 37 97 47 1–3 24.0 1.0 174.3 43.7 2.0 0.0 48.7 1.15 40.0 5.0 0.02 0.0 0.04 0.0 

WQ049 Nelson River at Norway House 53 59 97 50 1–3 17.7 1.5 230.0 22.9 1.0 0.0 35.3 2.5 26.0 1.7 0.02 0.0 0.03 0.005 

WQ161 Cedar Lake at Oleson Point 53 20 100 12 1–3 28.0 1.7 167.0 13.1 1.7 0.3 47.0 1.7 37.7 2.5 0.03 0.0 0.07 0.005 

WQ160 Moose Lake at settlement 53 43 100 17 1–3 18.0 - 103.0 - 1.5 - 35.0 - 28.0 - 0.03 - 0.05 - 

WQ384 Saskatchewan River at The Pas 53 51 101 10 1–3 4.0 0.0 140.0 12.6 1.0 0.0 13.0 0.0 12.3 2.5 0.01 0.005 - - 

Manitoba Sediment Quality Guidelines SQG    35.7  123  0.6    35.0    0.17  

(MWS 2011) PEL    197  315  3.5    91.3    0.486  

Ontario SQG LEL          16        

(Persaud et al. 1993) SEL          75        

1. Wet weight. 
2. Dry weight. 
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Table 2I-2: Mercury in sediments in northern Manitoba, Canada (Williamson 1986) 

Site ID Location 
Latitude 

(deg min) 

Longitude 

(deg min) 

 Total Mercury (ug/g d.w.) 

 1979 1980 1981 1982 1983 

WQ385 Churchill River at Granville Lake 56 08 100 30 Replicate 1 <0.02 0.02 <0.04 <0.03 <0.03 

    Replicate 2 0.02 0.03 0.03 - <0.04 

    Replicate 3 0.02 0.03 <0.04 - <0.04 

    Mean 0.02 0.03  - <0.04 

WQ389 Barrington River upstream of  56 45 99 58 Replicate 1 0.07 0.06 0.07 <0.05 <0.06 

 Opachuanau Lake   Replicate 2 0.06 0.07 0.07 - <0.05 

    Replicate 3 0.07 0.09 <0.04 - 0.05 

    Mean 0.07 0.07  -  

WQ051 Southern Indian Lake at settlement 56 46 98 57 Replicate 1 0.05 0.04 <0.03 <0.04 <0.04 

    Replicate 2 0.05 0.05 <0.04 - <0.04 

    Replicate 3 0.04 0.06 <0.04 - <0.04 

    Mean 0.05 0.05  - <0.04 

WQ050 Footprint Lake at Nelson House 55 46 98 54 Replicate 1 0.08 0.07 0.06 <0.03 <0.04 

    Replicate 2 0.08 0.09 0.06 - <0.04 

    Replicate 3 0.08 0.07 <0.04 - <0.03 

    Mean 0.08 0.08  - <0.04 

WQ093 Burntwood River at Thompson 55 45 97 50 Replicate 1 0.02 - <0.03 <0.03 <0.03 

 (Float plane base)   Replicate 2 - - <0.03 - <0.03 

    Replicate 3 - - <0.03 - <0.03 

    Mean - -  - <0.03 

WQ422 Apussigamasi Lake near inlet 54 49 97 42 Replicate 1 0.04 0.04 <0.03 <0.04 <0.03 

    Replicate 2 0.04 0.03 <0.03 - <0.03 

    Replicate 3 0.04 0.04 <0.03 - <0.03 

    Mean 0.04 0.04  - <0.03 

WQ047 Split Lake near community 56 14 96 05 Replicate 1 0.03 0.04 <0.03 <0.04 <0.04 

    Replicate 2 0.04 0.04 <0.03 - <0.04 

    Replicate 3 0.04 0.05 <0.03 - <0.04 

    Mean 0.04 0.04  - <0.04 

WQ049 Nelson River at Norway House 53 59 97 50 Replicate 1 0.03 0.03 0.03 0.06 <0.06 

    Replicate 2 0.04 0.04 0.05 - <0.07 

    Replicate 3 0.03 0.04 0.05 - <0.05 

    Mean 0.03 0.04  - <0.07 

WQ442 Cross Lake at settlement 54 37 97 47 Replicate 1 0.04 0.05 <0.03 0.06 <0.09 

    Replicate 2 0.04 0.04 0.06 - <0.04 

    Replicate 3 0.04 0.04 0.03 - <0.04 

    Mean 0.04 0.04  - <0.09 

WQ048 Sipiwesk Lake near outlet 55 13 97 20 Replicate 1 - 0.02 <0.03 <0.03 <0.04 

    Replicate 2 - 0.03 <0.03 - <0.04 

    Replicate 3 - 0.03 <0.03 - <0.04 

      Mean - 0.03 <0.03 - <0.04 

          

Manitoba Sediment Quality Guidelines SQG    0.17 

(MWS 2011) PEL    0.486 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 2: WATER AND SEDIMENT QUALITY  2I-4 

Table 2I-3: Mean and standard error (SE) of metals from triplicate surficial sediment quality samples (upper 5 cm) collected at selected sites along the Burntwood River system in 2001 and 2002 and 

comparisons to sediment quality guidelines. Means indicated in blue and red exceed Manitoba sediment quality guidelines (SQGs) and probable effect levels (PELs) for sediments, respectively 

(MWS 2011). Means indicated in blue and red italics exceed the Ontario lowest effect level (LEL) and the severe effect level (SEL) for sediments, respectively (Persaud et al. 1993) 

Sample Location 
 

Year 
Trace Metal Concentration (μg/g d.w.) 

 Aluminum Arsenic Barium Beryllium Boron Bismuth Cadmium Calcium Chromium Cobalt Copper Iron Lead Magnesium Manganese Mercury 

Notigi Control Structure Mean 2001 22,900 3.24 169 1.16 5.5 0.36 0.23 9,187 52.0 18.3 30.7 33,200 16.2 11,367 869 0.03 

 SE  416 0.32 2 0.03 0.6 0.02 0.05 727 0.3 0.5 1.1 1,060 0.5 384 67 0.01 

Wapisu Lake Mean 2001 22,667 3.92 183 1.08 5.5 0.35 0.20 6,487 52.9 16.5 27.0 37,533 14.3 11,333 2,093 0.04 

 SE  433 0.10 1 0.03 0.2 0.01 0.01 260 0.8 0.3 0.5 751 0.4 120 70 0.00 

Wuskwatim Lake Mean 2001 16,033 2.57 143 0.73 7.3 0.26 0.18 28,067 50.5 13.8 26.1 28,967 11.5 21,400 1,353 0.03 

 SE  384 0.04 2 0.00 0.3 0.01 0.00 1,822 1.1 0.1 1.8 285 0.1 58 43 0.00 

 Mean 2002 19,667 3.78 187 0.88 0.3 6.40 0.22 16,533 59.0 16.5 26.2 32,400 14.4 19,000 1,287 0.04 

 SE  633 0.74 19 0.02 0.0 0.26 0.02 1,568 2.1 0.6 0.6 751 0.3 702 197 0.00 

Burntwood River (Taskinigup Falls) Mean 2002 16,967 12.79 116 0.71 5.2 0.22 0.17 11,667 42.7 11.7 26.7 25,367 12.3 12,033 389 0.03 

 SE  219 8.25 1 0.00 0.6 0.00 0.01 426 0.4 0.0 1.0 219 1.2 145 7 0.01 

Opegano Lake Mean 2001 14,767 3.02 116 0.72 8.4 0.21 0.16 40,167 44.1 12.7 31.1 26,333 10.7 14,367 664 < 0.02 

 SE  2,436 0.54 14 0.12 0.8 0.02 0.04 18,143 6.8 1.5 5.7 5,556 1.1 1,962 100 - 

 Mean 2002 16,800 7.07 729 0.72 5.5 0.23 0.24 36,867 41.6 18.9 28.0 33,000 10.9 19,300 7,909 < 0.02 

 SE  987 1.73 511 0.04 0.5 0.02 0.09 3,212 2.4 4.4 0.9 2,982 0.3 1,069 5,546 - 

Birch Tree Lake Mean 2002 11,800 2.80 91 0.51 0.1 5.00 0.10 18,400 38.2 11.0 19.9 19,000 7.9 15,067 610 < 0.02 

  SE  1,026 0.06 8 0.04 0.0 0.32 0.01 907 2.2 0.8 1.9 1,735 0.6 376 55 - 

Manitoba Sediment Quality Guidelines SQG   5.9     0.6  37.3  35.7  35   0.17 

 PEL   17     3.5  90  197  91.3   0.486 

Ontario Sediment Quality Guidelines LEL             20,000   460  

  SEL             40,000   1,100  
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Table 2I-3: Mean and standard error (SE) of metals from triplicate surficial sediment quality samples (upper 5 cm) collected at selected sites along the Burntwood River system in 2001 and 2002 and 

comparisons to sediment quality guidelines. Means indicated in blue and red exceed Manitoba sediment quality guidelines (SQGs) and probable effect levels (PELs) for sediments, respectively 

(MWS 2011). Means indicated in blue and red italics exceed the Ontario lowest effect level (LEL) and the severe effect level (SEL) for sediments, respectively (Persaud et al. 1993) 

Sample Location 
 

Year 
Trace Metal Concentration (μg/g d.w.) 

 Molybdenum Nickel Potassium Selenium Silver Sodium Strontium Thallium Tin Titanium Uranium Vanadium Zinc 

Notigi Control Structure Mean 2001 0.31 38.4 4,833 0.2 < 1 207 30.0 0.4 < 4 1,477 1.58 48.7 88 

 SE  0.01 0.8 37 0.1 - 12 2.3 0.0 - 60 0.04 1.3 4 

Wapisu Lake Mean 2001 0.30 39.6 5,027 0.1 < 1 217 27.6 0.4 < 4 1,490 1.87 46.9 85 

 SE  0.01 0.5 84 0.0 - 5 0.6 0.0 - 15 0.06 0.8 3 

Wuskwatim Lake Mean 2001 0.46 40.1 3,863 < 0.1 < 1 207 29.8 0.3 < 4 1,357 1.06 42.6 69 

 SE  0.18 1.3 35 - - 2 0.8 0.0 - 26 0.01 0.6 1 

 Mean 2002 0.28 44.2 4,780 < 0.1 < 1 231 29.0 0.4 < 4 1,473 1.44 49.9 83 

 SE  0.00 1.3 150 - - 7 0.7 0.0 - 29 0.07 1.7 2 

Burntwood River (Taskinigup Falls) Mean 2002 0.30 35.1 3,457 < 0.1 <1 211 24.3 0.3 < 4 1,153 1.63 33.9 64 

 SE  0.01 0.3 47 - - 12 0.9 0.0 - 9 0.03 0.4 0 

Opegano Lake Mean 2001 0.76 37.6 3,300 0.2 < 1 205 39.1 0.2 < 4 987 1.20 35.9 67 

 SE  0.22 6.0 555 0.1 - 30 9.7 0.0 - 108 0.12 3.9 9 

 Mean 2002 0.52 38.6 3,877 < 0.1 < 1 237 48.5 0.4 < 4 1,071 1.49 37.7 62 

 SE  0.14 1.6 254 - - 15 7.5 0.1 - 45 0.05 1.0 3 

Birch Tree Lake Mean 2002 0.24 39.6 2,650 < 0.1 < 1 173 22.4 <0.2 < 4 822 0.85 28.4 43 

  SE  0.05 1.2 227 - - 11 1.5 - - 63 0.04 1.8 4 

Manitoba Sediment Quality Guidelines SQG              123 

 PEL              315 

Ontario Sediment Quality Guidelines LEL   16            

  SEL   75            
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Table 2I-4: Mercury content of sediment in northern Manitoba lakes Manitoba, 1981 (Bodaly et al. 1987) 

Site ID Location/Area 
Depth of Sediment Method of collection Total Mercury (μg/g d.w.) 

(cm)  Mean n SD 

5 Southern Indian Lake Area (SIL) 5 approx. 4.7 cm Ekman Dredge, six replicates 0.017 6 0.004 

4 SIL Area 4 approx. 4.7 cm Ekman Dredge, six replicates 0.009 6 0.002 

SA SIL Sandhill Bay approx. 4.7 cm Ekman Dredge, six replicates 0.014 6 0.002 

WB SIL Wapuw Bay approx. 4.7 cm Ekman Dredge, six replicates 0.053 6 0.006 

6 SIL Area 6 approx. 4.7 cm Ekman Dredge, six replicates 0.045 6 0.004 

I Issett Lake approx. 4.7 cm Ekman Dredge, six replicates 0.050 6 0.010 

G Granville Lake approx. 4.7 cm Ekman Dredge, six replicates 0.024 6 0.017 

WM West Mynarski Lake approx. 4.7 cm Ekman Dredge, six replicates 0.058 6 0.013 

CM Central Mynarski Lake approx. 4.7 cm Ekman Dredge, six replicates 0.015 6 0.010 

EM East Mynarski Lake approx. 4.7 cm Ekman Dredge, six replicates 0.020 6 0.003 

NW Notigi Lake, west basin approx. 4.7 cm Ekman Dredge, six replicates 0.028 6 0.019 

NE Notigi Lake, east basin approx. 4.7 cm Ekman Dredge, six replicates 0.014 6 0.003 

F Footprint Lake approx. 4.7 cm Ekman Dredge, six replicates 0.060 6 0.004 

Manitoba Sediment Quality Guidelines SQG   0.17   

(MWS 2011) PEL   0.486   
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SECTION 2: WATER AND SEDIMENT QUALITY  2J-1 

2J.1 INTRODUCTION 

Keeyask water quality studies conducted up to 2011 applied an analytical detection limit sufficiently low 

to facilitate comparisons to the MWQSOGs for mercury for PAL issued in 2002 (Williamson 2002). The 

2002 PAL guideline for mercury (0.0001 mg/L) is notably higher than the revised guideline issued in 

2011 (0.000026 mg/L; MWS 2011). To provide baseline data for the study area that can be compared to 

the current PAL guideline, a sampling program was undertaken in fall 2011. The following provides a 

brief description of the methods and results of this study. 

2J.2 METHODS 

Water samples were collected from six sites as illustrated in Map 2J-1 on 12 and 13 October 2011 for 

analysis of total mercury, dissolved mercury, and total methylmercury. Samples were also collected for 

analysis of dissolved methylmercury but were preserved incorrectly at the analytical laboratory and had to 

be discarded. Samples were collected as surface grabs (approximately 30 cm below the water surface) at 

each of the sites by directly filling the sample bottles provided by the analytical laboratory.   

Quality assurance/quality control procedures included the use of the clean-hands-dirty-hands procedure 

for ultra-trace mercury and standard measures to prevent sample contamination. Samples were kept cool 

(approximately 4°C) and in the dark until submission to a Canadian Association for Laboratory 

Accreditations, Inc. accredited analytical laboratory (ALS Laboratories, Winnipeg, MB) within 48 hours 

of collection. In addition, one field blank and one trip blank were submitted with the environmental 

samples and a duplicate sample was collected from a random site. 

2J.3 RESULTS 

Total mercury, dissolved mercury, and total methylmercury were not detected in any samples collected 

upstream and downstream of the Kelsey GS, Gull Rapids, or the Limestone GS or from the field and trip 

blanks (Table 2J-1).  

2J.4 REFERENCES 

2J.4.1 LITERATURE CITED  

MWS. 2011. Manitoba Water Quality Standards, Objectives, and Guidelines. Water Science 

and Management Branch, MWS. MWS Report 2011-01, November 28, 2011. 67 pp. 

Williamson, D.A. 2002. Manitoba Water Quality Standards, Objectives, and Guidelines. 

Manitoba Conservation Report 2002-11. Final Draft: November 22, 2002. 76 p. 
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Table 2J-1: Total mercury, dissolved mercury, and total methylmercury in surface 

water samples collected in the study area, fall 2011 

Location 
UTMs 

 

Total 

mercury 

Dissolved 

mercury 

Total 

methylmercury 

Zone Easting Northing 
 

(mg/L) (mg/L) (mg/L) 

Analytical Detection Limit 
    

0.000001 0.000001 0.00000005 

Upstream of Kelsey GS 15V 653737 6212821 
 

<0.000001 <0.000001 <0.00000005 

Downstream of Kelsey GS 15V 653235 6213361 
 

<0.000001 <0.000001 <0.00000005 

Gull Rapids 15V 360271 6245881 
 

<0.000001 <0.000001 <0.00000005 

Downstream of Gull Rapids 15V 364824 6246606 
 

<0.000001 <0.000001 <0.00000005 

Limestone GS Reservoir 15V 431634 6262701 Replicate 1 <0.000001 <0.000001 <0.00000005 

 
15V 431634 6262701 Replicate 2 <0.000001 <0.000001 <0.00000005 

 
15V 431634 6262701 Replicate 3 <0.000001 <0.000001 <0.00000005 

Nelson River downstream of 

Limestone GS 
15V 431787 6264417 

 
<0.000001 <0.000001 <0.00000005 

Field Blank 
    

<0.000001 <0.000001 <0.00000005 

Trip Blank 
    

<0.000001 <0.000001 <0.00000005 

MWQSOG1/CCME2 Guideline 
    

0.000026 
 

0.000004 

1. MWQSOGs =-Manitoba Water Quality Standards, Objectives and Guidelines. 
2. CCME = Canadian Council of Ministers of the Environment. 
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3.0 AQUATIC HABITAT 

3.1 INTRODUCTION 

Fish habitat is defined in the Fisheries Act as “Spawning grounds and nursery, rearing, food supply and 

migration areas on which fish depend directly or indirectly in order to carry out their life processes”.  

Because fish habitat is defined by its capability to support fish life processes (including food production), 

the term aquatic habitat is used in this section to describe the structure of the environment within which 

fish, and the aquatic biota on which they feed, live. Aquatic habitat is typically classified on the basis of 

water depth, water velocity, substrate type, and cover (including large rooted plants, terrestrial debris, 

riparian vegetation, and other large structures). These characteristics determine whether individuals, 

communities, and populations of fish and other aquatic biota can find the biophysical features they need 

for life, such as suitable areas for reproduction, feeding sites, resting sites, cover from predators and 

adverse environmental conditions, movement corridors, and overwintering. The biophysical 

characteristics of the habitat play a large role in determining the species composition and biomass of the 

biotic community that can be sustained. 

When physical attributes of the aquatic environment change, the existing quantity and quality of aquatic 

habitat will likely be altered, resulting in effects on aquatic biota. To predict the potential effects on fish 

and other aquatic biota that result from changes in the water level and flow regime, it is necessary to 

know how those changes will affect the biophysical variables (water depth, water velocity, bottom 

substrate, and cover) that determine habitat structure and use. Potential effects of hydroelectric 

development on aquatic habitat include changes in: water depth (including flooding and/or dewatering); 

the extent and frequency of water level fluctuations; water velocity; substrate; and the abundance and 

type of cover. These potential changes to the physical environment are discussed in the Physical 

Environment Supporting Volume (PE SV). The effects of these changes to the aquatic ecosystem are 

discussed in Section 2 (water quality), this section (aquatic habitat), Section 4 (lower trophic levels), 

Section 5 and Section 6 (the fish community), and Section 7 (fish quality).  

A brief description of the study area, information sources, and methods for the aquatic habitat 

assessment are provided in Section 3.2. The historic and current aquatic habitat conditions for the study 

area are described in Section 3.3. Project effects, including construction, operation, residual, and 

cumulative effects, and mitigation are described in Section 3.4, along with environmental monitoring and 

follow-up programs. 

3.2 APPROACH AND METHODS 

The following sections provide a description of the general approach to the aquatic habitat assessment 

(Section 3.2.1), a brief description of the study area (Section 3.2.2), information sources used to describe 

and characterize the environmental setting (Section 3.2.3), and a description of the approach for the 

effects assessment (Section 3.2.4). 
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3.2.1 Overview to Approach 

The approach taken for the aquatic habitat effects assessment was similar to the general approach taken 

for other aquatic environment components and was comprised of two major steps: 

 A description of the existing aquatic habitat conditions to provide the basis for assessing the 

potential effects of the Project on these components; and 

 An effects assessment in which the predicted post-Project environment was described and changes 

from existing environment quantified. 

The water regime (PE SV, Section 4), physiography of the shoreline (PE SV, Section 5), and erosion and 

sedimentation (PE SV, Section 6 and Section 7) interact to form the basis of the aquatic habitat in an 

area, which is further modified by biological processes (e.g., growth of shoreline and instream vegetation). 

Therefore, the temporal scope of the aquatic habitat assessment as it relates to the physical variables is 

defined by the information provided by these disciplines: the existing environment was developed based 

on the period 1977 to 2006 and the post-Project conditions are based on a long-term simulated flow 

record (PE SV, Section 4.2.5.1).  

Biological components of the aquatic habitat were based on the period during which field studies were 

conducted in the area, generally between 1997 and 2006. This period included both high and low flows, 

and therefore would indicate interannual variability related to flows. 

No analysis of trends in aquatic habitat was conducted, since the current water regime was established in 

1977 and has been operated within set bounds since that time (PE SV, Section 4.3.1) and analyses of 

shoreline erosion processes indicate that overall average rates within the study period were relatively 

constant, though there was considerable interannual variability (PE SV, Section 6.3.1). Likewise, analyses 

of future conditions for water regime (PE SV, Section 4.3.2), shoreline erosion processes (PE SV, 

Section 6.3.1) and sedimentation (PE SV, Section 7.3.2) indicate that no major changes are expected in 

the absence of the Project.  

The effects assessment was based on relationships identified between changes to the physical 

environment (as discussed in the PE SV) and resulting effects on aquatic habitat. Post-Project aquatic 

habitat conditions were predicted using water regime models developed for post-Project conditions 

(PE SV, Section 4) in conjunction with models developed from other reservoir environments (in 

particular reservoirs of the lower Nelson River). 

Post-Project aquatic habitat conditions were predicted using the results of the water regime models 

(PE SV, Section 4), and mineral and peatland erosion and sediment deposition studies (PE SV, Section 5 

and Section 6, respectively). The physical environment studies provided key information to understand 

change (i.e., magnitude and rate), and the spatial and temporal characteristics of the variables of change 

that ultimately drive the form and maintenance of aquatic habitat as the reservoir evolves. The Aquatic 

Environment Supporting Volume studies of aquatic habitat addressed specific questions related to the 

long-term quality and form of habitat at local scales by empirical observation and modelling derived from 

reservoirs of the lower Nelson River.   
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3.2.2 Study Area 

The study area for aquatic habitat studies extends along the Nelson River from Split Lake downstream to 

Stephens Lake in the east (Map 1-2). The magnitude of physical change (e.g., changes in water levels and 

flows) as a result of the Project differs substantially among areas (PE SV, Section 4.4) and, consequently, 

the aquatic habitat study area was divided into three areas on the Nelson River as follows: 

 Split Lake area (Split Lake and adjoining waterbodies, including Assean Lake and Clark Lake). This 

area is upstream of any direct hydraulic influence of the Project. Habitat in this area was described to 

provide supporting information for studies of aquatic biota (Section 4, Section 5, and Section 6);  

 Keeyask area (Nelson River and tributary streams extending from the outlet of Clark Lake to 

approximately 6 kilometres [km] downstream of Gull Rapids). Project-related changes to the water 

regime and direct losses of habitat due to the presence of the GS will occur within this reach (PE SV, 

Section 4.4). This area was subdivided at Gull Rapids, as the rapids form a boundary for the aquatic 

biota under existing conditions, and mark a boundary between the reservoir and downstream 

environment in the post-Project environment.; and 

 Stephens Lake area (Stephens Lake and adjoining waterbodies). This area is immediately downstream 

of the Keeyask area and the Project will not affect the water regime. Habitat in this area was 

described to provide the basis for assessment of effects to aquatic biota, as the fish community 

inhabiting this area also uses habitat in the directly affected riverine section up to and including Gull 

Rapids. Stephens Lake, as the reservoir of the Kettle GS formed in the early 1970s, also provides a 

useful proxy to assist in predicting effects of the Project (Section 1).  

The majority of aquatic habitat investigations were conducted in the Keeyask area, as this area will be 

directly affected by the Project and quantitative estimates of pre and post-Project habitat were required.  

Aquatic habitat was also described as part of the assessment of the north and south access roads stream 

crossings. 

3.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for aquatic habitat are detailed in this section. 

3.2.3.1 Existing Published Information 

Aquatic habitat studies have previously been conducted in the study area. Programs focused on the 

effects of hydroelectric generating stations (GS) (e.g., construction and operation of the Kettle GS) or on 

the effects of the Churchill River Diversion (CRD)/Lake Winnipeg Regulation (LWR) projects, and also 

focused on Split and Stephens lakes. 

Prior to CRD/LWR, a bathymetric survey was conducted on Split Lake by the province of Manitoba in 

1966 (Schlick 1968). A limnological survey was conducted on the Kettle reservoir (i.e., Stephens Lake) as 
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part of the Lake Winnipeg Churchill and Nelson River Study Board (LWCNRSB) program (Crowe 1973). 

In the late 1980s, bathymetric data were collected from Split and Stephens lakes as part of Manitoba’s 

Ecological Monitoring Program (Cherepak 1990). The effects of previous hydroelectric development in 

northern Manitoba on the Split Lake Resource Management Area were assessed as part of the Split Lake 

Cree Post-Project Environmental Review (PPER, Split Lake Cree - Manitoba Hydro Joint Study Group 

1996a, b, c). The effects of hydroelectric development on water levels and flows in the study area are 

specifically discussed in Split Lake Cree - Manitoba Hydro Joint Study Group (1996b). 

During the late 1990s, bathymetry and habitat characterization studies were conducted by the 

Tataskweyak Environmental Monitoring Agency (TEMA) for Tataskweyak Cree Nation (TCN) and 

Manitoba Hydro (Kroeker 1999; Lawrence et al. 1999). 

3.2.3.2 Keeyask Environmental Studies 

Methods related to water regime, erosion and sedimentation, which form key inputs to aquatic habitat, 

are provided in Section 4, Section 5 and Section 6 of the PE SV, respectively. Detailed information on 

data collection methods related to other aquatic habitat variables is provided in Appendix 3A. A brief 

summary is provided here. 

The substrate composition in the Clark Lake to Gull Rapids reach was determined through a 

combination of transects using acoustic sonar with validation using a probe and Ponar dredge. Substrate 

composition was also mapped in the 6 km reach below Gull Rapids. Substrate composition could not be 

determined immediately upstream, within, or downstream of rapid sections due to safety concerns. 

Substrate composition in these areas was estimated based on known physical conditions. 

The presence of aquatic macrophytes in the Clark Lake to Gull Rapids reach was determined by 

helicopter (using global positioning system-linked [GPS-linked] video), and boat-based GPS surveys 

where the presence of macrophytes visible from the water surface was recorded. Macrophyte sampling to 

determine species composition was conducted at selected locations (Section 4).  

Stream habitat in the Clark Lake to Gull Rapids reach was assessed using low-level helicopter survey and 

was recorded using GPS-linked digital video.  

Aquatic macrophyte presence and absence was assessed using aerial surveys, and macrophyte species 

composition, substrate, depth, and slope information was collected in the Stephens Lake area using boat-

based surveys.  

3.2.4 Assessment Approach 

The approach to habitat assessment varied depending on requirements to support the environmental 

impact assessment, as follows: 

Split Lake area – The approach to habitat description in the Split Lake area was similar to that of the 

more intensively studied areas, but was at a more general level of detail sufficient to provide an overall 

description of the habitat available to the biota and determine habitat types at benthic invertebrate and 

fish community sampling locations.  
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Keeyask area – The approach to habitat assessment in the Keeyask area was detailed as quantitative 

information was required to assess predicted change due to the Project, and to provide information on 

changes in aquatic habitat required to support assessments of the lower trophic levels and fish 

community. 

Stephens Lake area – The approach to habitat assessment in Stephens Lake was to define the basic types 

of habitat in the reservoir. Detailed studies also were undertaken within the western, central, and east 

areas of the reservoir where information was needed to develop predictive models to characterize the 

aquatic habitat in the Keeyask reservoir, at about 30 years after flooding.  

One model required data as far downriver as the Limestone GS.  

The habitat assessment considered habitat conditions under a range of flow conditions: low 

(5th percentile flows); intermediate (50th percentile flows) and high (95th percentile flows). Information on 

water depth and velocity was based on the water regime (PE SV, Section 4). 

For the purposes of predicting habitat conditions in the post-Project environment and quantifying areal 

changes in habitat area between the pre and post-Project environments, conditions at 95th percentile 

flows (pre-Project) and full supply level (FSL) in the reservoir post-Project were used. This approach was 

adopted as the water elevation at the 95th percentile provides the upper boundary on habitat generally 

considered to be aquatic. Consequently, area calculations for the pre-Project environments provide 

measures of maximum potential habitat. 

Post-Project habitat areas to support plant, invertebrate and fish production could be affected by 

frequent cycling of elevations in the reservoir between 159 metres above sea level (m ASL) (full supply 

level, FSL) and 158 m ASL (minimum operating level, MOL). Habitat in this intermittently-exposed 

zone (IEZ) was quantified (Appendix 3D, Table 3D-1) and used in fish and invertebrate community 

assessments (Section 4 and Section 5). However, for the existing environment only habitat areas available 

at 95th percentile flow elevation were used for comparison of potential gains or losses in area.  

3.2.4.1 The Existing Environment - Habitat Classification and Availability 

This section describes habitat classification applied to the Keeyask area, with rationale for selection of 

habitat categories.  

3.2.4.1.1 Habitat Availability and Suitability 

Habitat availability varies in space and time in response to environmental variation. The maximum habitat 

availability (i.e., potential habitat) is determined by the range of habitat variables during the long-term. 

The habitat that is able to sustain aquatic life (i.e., suitable habitat) tends to be formed from the more 

recent water regime, which occupies a portion of the longer-term range. Suitable habitat, therefore, will 

tend to be smaller than the potential habitat given that it is more closely linked to the recent water 

regime. The area of suitable habitat that is actually occupied by biota depends on the interaction between 

the recent environmental variation and the ability of a species to adapt to that variation. 
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3.2.4.1.2 Habitat Classification 

A hierarchical classification system was developed to describe the mainstem aquatic habitat. Lacustrine 

and riverine habitats were classified according to the habitat variables shown in Figure 3-1 and Table 3-1, 

except for stream habitat, which is described below. Lacustrine and riverine habitats were classified at a 

near “bank full” condition, referred to as the 95th percentile (PE SV, Section 4.3.1; described in definition 

below) in order to account for the availability of all potential aquatic habitats. The classified habitat 

information was used in the lower trophic (Section 4) and fish community assessments (Section 5). 

Habitat classes as defined in Table 3-1 were modified as depicted in Appendix 3D (Table 3D-1), with 

respect to substrate category for purposes of invertebrate and fish community assessments (Section 4 and 

Section 5). 

Stream habitat was classified into riffle/pool/glide/run classes according to BCMOE and DFO (1989). 

While the majority of stream habitat could be classified using this system, additional classes were created 

for stream habitat that fell outside these categories. Peatland Drainage was used to describe a low-velocity 

low gradient stream with indeterminate channel margins that were predominantly organic substrates and 

were bounded by peat. Peatland Pools were similar to Peatland Drainage but were larger, deeper, 

composed of standing water and organic substrates, and often associated with beaver dams. 

Each of the habitat variables used to classify riverine and lacustrine areas of the Nelson River is described 

below. 

Reach Type 

The overall Keeyask area was classified as either “riverine” or “lacustrine”. “Lacustrine” reaches may 

contain both standing (lentic) and flowing (lotic) habitat. 

Water Movements – Lentic and Lotic Water Masses 

Water movements exert a strong influence on the distribution of habitat and biota and the use of habitats 

by fish. The fluvial channel of the Nelson River passes through lake and reservoir basins. As a result, 

water masses in the study area within the fluvial channel are usually flowing (lotic), or are standing (lentic) 

where the river widens into a wetted basin, bay, or tributary confluence. The boundary between lotic and 

lentic habitat was defined as 0.2 metres per second (m/s). Lentic habitat describes nearly 3/4 of the areas 

of fine silt/clay deposition observed in the Keeyask area. Lentic habitats (velocity less than 0.2 m/s) 

support organisms that typically avoid flowing waters and are adapted to live in standing waters, including 

many species of aquatic plants. Lotic habitats support organisms that depend on flowing waters to carry 

out their life processes. Many organisms are also adapted to carry out part of their life processes (e.g., 

reproduction) in flowing waters, and other functions (e.g., overwintering) in standing waters. Lotic 

environments were further classified into low (0.2−0.5 m/s), moderate (greater than 0.5 to less than or 

equal to 1.5 m/s) and high (greater than1.5 m/s) water velocity. The low, moderate, and high velocity 

categories were based on swimming efficiencies of fish species occurring in the study area (Appendix 5E).  
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Habitat Depth Zones  

The structure of habitat changes with water depth. Habitats were classified according to Habitat Depth 

Zone that distinguishes the differences in shallow and deep habitat.  

Lakes, rivers, and reservoirs frequently exhibit distinctive zones related to water depth. These zones can 

be differentiated on the basis of the bottom characteristics, the maximum depth of light penetration, and 

rooted plant distribution. Studies within the Nelson River have shown that most rooted vascular plant 

species are found above approximately 3 m in depth. The shallow edge of a river, lake, or reservoir often 

has bottom materials that differ when compared to those found in swift flowing mid-river areas, or 

deeper areas in a lake or reservoir, in response to waves or currents. The shallow and deep classification 

accommodates these differences by defining the boundary between these zones at a water depth of 3 m. 

Habitat differences between the shallow and deep zones noted above, exert a strong influence on the fish 

species and life stages that use those habitats as well as on the invertebrate community composition and 

biomass. 

Water depth was standardized relative to the 95th water level percentile, unless otherwise noted.  

Water Surface Level Zones 

Habitats were classified according to water level zones, which describe variation in water surface level. 

Variation in water surface elevation over time influences aquatic habitat availability and suitability. Water 

levels in the study area are irregular and largely controlled by flows arising from the Nelson River 

drainage, the Churchill River Diversion, and regulation of Stephens Lake by the Kettle GS (PE SV, 

Section 4).  

Water level zones are used to distinguish the aquatic habitats that experience a range of water level 

variations from habitats that are usually wetted. Water level ranges were the criteria used to separate the 

IEZ from the predominantly-wetted zone due to the irregular pattern of dewatering over time. The 

ranges used were defined by seasonal (1 May to 31 October) water level percentiles that account for 90% 

of the variation for the period of the existing environment (1977–2006) (PE SV, Section 4.3.1). The IEZ 

is defined by the range between the 95th and 5th water level percentiles and describes most (90%) of the 

water level variation.  

The IEZ occupies the shallowest part of the Shallow Zone. The Shallow Zone, therefore, occupies the 

range between the 95th open water season water level percentile to 3 m water depth. An additional zone, 

Backwater Inlet, was defined within the small tributary inlets where these fall within the zone of water 

level fluctuation from the Nelson River (i.e., the IEZ). 

For the fish community assessments (Section 5), habitat areas in the existing environment were 

standardized to 95th percentile water elevation, thereby providing the area of potential habitats available 

to fish. 
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Substrate 

Substrates in river, lake, or reservoir habitats were classified based on a simplified interpretation of the 

Wentworth particle size classification (Wentworth 1922) for granular materials (Table 3-2). Methods for 

collecting the data included visual classification, sonar interpretation, benthic grab sampling, probing with 

an aluminum rod, and dropping or dragging rebar tied to string to the bottom. Detailed methods are 

found in Appendix 3A.  

At its simplest level, bottom substrate is divided into soft versus hard composition/compaction 

categories. Aquatic macrophytes grow primarily on soft, mineral substrates and do not grow on hard 

substrates. Additionally, the invertebrate community found in and on soft substrates is typically very 

different from those found associated with hard substrates. Fish community assemblages will frequently 

differ between soft and hard substrates, primarily due to either a preference for aquatic macrophytes or 

because of availability/preferences in invertebrate prey items. The additional delineation of substrate into 

composition classes (e.g., boulder/cobble, gravel, sand, fines) can be used to further refine the 

identification of invertebrate habitat preferences, and to a lesser extent, fish habitat preferences. The 

delineation of gravel and sand has proven particularly useful in defining the distribution of young-of-the-

year lake sturgeon (Acipenser fulvescens; Section 6).  

Vegetation 

Aquatic macrophyte beds are delineated as an aquatic habitat variable that provides a wide range of 

functions for aquatic biota. Aquatic macrophytes support a rich variety of invertebrates and fish as they 

provide a growing platform for some invertebrates, cover from predators for invertebrate and small-

bodied fish species, ambush cover for certain predatory fish species, and shelter from adverse weather 

conditions.  

Plant distribution information from surveys was mapped as polygons. Detailed methods for rooted 

aquatic macrophyte surveys are provided in Section 4.  

3.2.4.1.3 Data Integration  

Data describing substrate and aquatic plants were combined with depth and velocity information to 

create maps showing the existing environment under 95th percentile inflows. Data were categorized into 

habitat types using the classification system described above. Both spatial distribution of habitat types 

and quantitative estimates were used as inputs to the lower trophic level and fish community assessments. 

Additional analyse for selected parameters were conducted under 5th percentile flows, to describe 

variation in these parameters. 

3.2.4.1.4 Linking Aquatic Habitat to Higher Trophic Levels 

The aquatic habitat classification system described above was linked to the biological communities 

through two approaches based on differing levels of spatial resolution: 

 Habitat classification was based on categories of water depth, velocity, substrate and 

presence/absence of macrophytes defining patches of habitat. This classification system generalized 

substrate into: (i) quality (mineral vs. organic, including detritus, peat and fine organic matter); and (ii) 
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compaction (hard vs. soft, in which silt, clay and sandy bottom types were soft). Rationale and areas 

of different habitat classes are provided in Appendix 3D; and 

 General habitat types were classified based on larger sections of a given waterbody that might 

comprise several habitat classifications but formed a unit, or ecotype, that was used by larger, mobile 

fish species. For the reach of the Nelson River between the outlet of Clark Lake and Gull Rapids, 

ecotypes in the existing environment consisted of nearshore lacustrine, offshore lacustrine, riverine, 

and backbay. In the post-Project environment, the ecotypes for this reach consisted of backbay 

reservoir, riverine reservoir, nearshore lentic reservoir, offshore lentic reservoir, nearshore lotic 

reservoir, and offshore lotic reservoir. 

3.2.4.2 The Post-Project – Predicting Habitat Change Over Time 

Water depths, shorelines, and water surface information (PE SV, Section 4.2.5.4) was used to develop 

base maps of the post-Project environment. The post-Project IEZ describes the range of water levels as 

defined by the combination of inflows and reservoir stage. The post-Project IEZ was assessed by 

combining a low inflow with the Minimum Operating Level (MOL: i.e., 5th percentile and 158 m ASL 

reservoir) and the high inflow with the Full Supply Level (FSL, i.e., 95th percentile and 159 m ASL 

reservoir).  

The open water season hydraulic zone of influence (HZI) of the project is defined by the 95th percentile 

inflow and 159 m ASL reservoir. The upstream extent of the HZI ends at Long Rapids, approximately 

3 km below the outlet of Clark Lake (PE SV Map 4.4-6). However, assessments included riverine habitats 

upstream of the HZI to include Long Rapids, as these habitats are expected to be used by the Keeyask 

area fish community in the post-Project setting. Operation of the GS will also affect the open water 

regime in 3–4 km of the riverine reach below the GS (PE SV Map 4.4-9). Habitat assessment also 

included the riverine reach down to and including Stephens Lake, as these areas will be used by fish 

downstream of the GS in the post Project environment. 

3.2.4.2.1 Long-Term Aquatic Habitat Prediction (Year 30) 

The Physical Environment studies suggest that the change and rates of change arising from the physical 

processes in the reservoir will have largely stabilized or slowed appreciably prior to Year 30 (PE SV); 

therefore, Year 30 is considered a reasonable model for the long-term condition of the reservoir. 

The spatial extent of the aquatic habitat assessment includes all of the Project HZI. In addition, the 

assessment includes areas immediately up river and down river of the HZI to describe the habitat 

adjacent to the areas where change is expected.  

Four empirical models were used to estimate substrate and rooted habitat distributions for Year 30 

(Appendix 3B). These models were based in large part on observed conditions in Stephens Lake, which 

forms a model of reservoir developed in similar conditions to the proposed Keeyask reservoir 30 years 

after impoundment.  

The composition of the substrate in the longer-term (30 years) was estimated for the reservoir using three 

empirical models derived either from the local area or from the published scientific literature. The 

Year 30 substrate map was derived from three models used in sequence: 
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 An empirical model was developed to estimate the pattern of deposition of material in lotic habitat. 

The model was based on substrate type, depth, bottom slope, and depth averaged velocity. All 

variables were taken from sites in the Nelson River in the vicinity of Gull Lake, Stephens Lake, and 

the Limestone Reservoir; 

 An empirical model developed by Rowan et al. (1992), and validated by Cooley and Franzin (2008), 

was used to estimate areas of deposition in lentic habitat. The model was based on depth, bottom 

slope, and maximum fetch (wave energy); and 

 An empirical model was developed to estimate the organic/mineral boundary that marks the 

transition from organic deposition to silt deposition, as observed in bays on Stephens Lake. The 

model was based on depth, bottom slope, and exposure to wave energy. 

The presence of potential macrophyte habitat was then estimated using an empirical model based on 

distributions observed in Stephens Lake (Appendix 3C). The predictive macrophyte model included 

variables describing pre-flood soil type, distance to pre-flood mineral soils, water depth, bottom slope, 

and exposure (a type of fetch measurement).  

The aquatic habitat predictive models are described in appendices 3B and 3C. Model results were used to 

estimate the areas of each habitat type in the upstream Keeyask area (outlet of Clark Lake to the Keeyask 

GS) that would be available to fish and lower trophic organisms at 159 m and 158 m ASL reservoir 

elevation (Appendix 3D). Areal distributions of habitat types were subsequently used to predict effects of 

reservoir creation and operation on lower trophic organisms and on the fish community (Section 4 and 

Section 5). 

3.2.4.2.2 Predictions of Habitat Changes Over Time (Years 1, 5, and 15) 

The temporal approach for the aquatic effects assessment is based on the initial full supply level, a long-

term 30-year time step, and intervening time steps at Years 1, 5, and 15. The initial full supply level 

condition represents the first time the reservoir will attain full supply level at the start of the operating 

phase of the Project. The initial full supply level, hereby referred to as Initial FSL, describes the shape, 

size, and water velocity characteristics of the reservoir based pre-flood information, such as topography, 

but before the effects of erosion and sedimentation occur. The surface of some peatlands will also rise 

with the water surface. This would reduce the water surface area one could observe on the reservoir one 

day after initial FSL, but not the area of inundation as water will be underneath the peat. The initial FSL, 

therefore, serves to provide an aquatic baseline from which to track future changes in the reservoir. The 

Year 30 time step was selected based on aquatic studies at Stephens Lake. Assessments made for time 

steps other than initial FSL or Year 30 were undertaken based on modelling results of the PE SV (Section 

4, Section 6, and Section 7), and Keeyask environmental studies. The interpretation of the character of 

the reservoir from Year 1 to Year 15 was facilitated by shoreline erosion and sedimentation modelling 

that estimated the incremental set-back of the shoreline over time. The types and quantities of sediments 

that were predicted to be released to the aquatic environment, and where these might be deposited (with 

emphasis in the first 15 years after impoundment when the physical processes are most active), also were 

inputs to characterizing reservoir habitats over time. Based on that interpretation, a model (Appendix 
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3D) was developed to estimate the availability of aquatic habitat types to fish and lower trophic levels at 

the 1, 5, and 15-year time steps after impoundment. The model inputs included:  

 Year 30 habitat area and distribution predictions based on the Stephens Lake model outcomes 

(appendices 3B and 3C);  

 Existing environment habitat conditions in the reach between Clark Lake outlet and Gull Rapids; and 

 Predictions of reservoir area expansion, peat resurfacing and transport, sedimentation, plant bed 

destruction/development, and mode of operation effects on habitat availability. 

3.3 ENVIRONMENTAL SETTING 

3.3.1 Pre-1997 Conditions  

3.3.1.1 Split Lake Area 

The Kelsey GS (completed in 1961) did not significantly affect Split Lake because the station is operated 

as a run-of-the-river GS and did not alter flows from the upper Nelson River (Split Lake Cree - Manitoba 

Hydro Joint Study Group 1996b). Schlick (1968) calculated the total lake area of Split Lake to be 

283.9 square kilometres (km2) and described the lake as relatively shallow, with an average depth of 7.0 m 

and a maximum depth of 29.9 m. After 1976, LWR resulted in a seasonal reversal of flows and levels on 

the lake and CRD increased flows entering from the Burntwood River. CRD resulted in an eight-fold 

increase in average annual flows on the Burntwood River upstream of First Rapids (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996b). Water levels on Split Lake prior to CRD/LWR were higher 

in summer, while in the post-project, they average 0.7 m higher (at the community of Split Lake) in 

winter. During the post-project period, water levels on Split Lake decreased by an average of 0.2 m 

during the summer and increased by 0.8 m during winter; however the range of water levels did not 

change noticeably. Annual flows in Split Lake increased by about 167 cubic metres per second (m3/s). In 

1989, Cherepak (1990) reported that the post-CRD/LWR water area of Split Lake was 269.8 km2 and the 

mean and maximum depths of the lake were 4.5 and 23 m, respectively.  

3.3.1.2 Keeyask Area 

Impoundment of the Kettle GS reservoir in 1970 resulted in a backwater effect at Gull Rapids that 

typically ranges from 141.1 m ASL in winter to 139.2 m ASL in summer (Split Lake Cree - Manitoba 

Hydro Joint Study Group 1996b). CRD increased the average flow through the reach by 246 m3/s, an 

increase of approximately 8%, and water levels increased marginally. LWR reversed the seasonal pattern 

of flow such that average flows are more similar during the summer and winter, with winter flows 

averaging about 194 m3/s more than summer flows. Prior to regulation, average summer flows had been 

892 m3/s higher than winter flows. In the post-project period, there is now a greater range in water 

fluctuations.  
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3.3.1.3 Stephens Lake Area 

Crowe (1973) estimated the surface area of the Nelson River between lower Gull Rapids and the Kettle 

dam prior to construction of the Kettle GS at 101.5 km2. The impoundment of the Kettle GS reservoir 

resulted in the formation of Stephens Lake by flooding the existing river and lakes. Stephens Lake 

attained the full supply water level of the reservoir for the first time in 1971 when the water level 

immediately upstream of the GS increased by approximately 31.5 m (Split Lake Cree - Manitoba Hydro 

Joint Study Group 1996b). The reservoir surface area increased by about 263 km2, or about 3.6 times that 

of surface area found within the extent of the reservoir before flooding (Cherepak 1990). In 1989, 

Cherepak (1990) reported that the post-CRD/LWR water surface area of Stephens Lake was 364.7 km2 

and the mean and maximum depths of the lake were 7.6 and 35 m, respectively. Changes in the shape of 

the shoreline in Stephens Lake during the period 1971–1997 are apparent from topographic mapping or 

aerial photography due to erosion of mineral soils and/or degradation or movement of organic soils 

within the reservoir. The changes in the shape, extent, and number of islands apparent in topographic 

maps are most notable in shallow bays. 

Operation of the Kettle GS can noticeably affect short-term water levels on Stephens Lake. It is typically 

drawn down over a week, and has been drawn down by as much as 2.4 m in a one-month period (Split 

Lake Cree - Manitoba Hydro Joint Study Group 1996b). Although LWR resulted in a reversal of seasonal 

flows and water levels, these effects are not discernable due to the operation of the Kettle GS. Prior to 

regulation, average water levels were typically 0.9 m higher in summer compared to winter, whereas the 

reservoir is now operated such that winter levels are approximately 0.4 m higher than summer levels. 

CRD resulted in an increase of flows such that the average flow out of Stephens Lake has increased by 

227 m3/s.  

3.3.2 Current Conditions (Post-1996) 

3.3.2.1 Overview and Regional Context 

The Nelson River originates at the outlet of Lake Winnipeg and flows in a north-northeast direction for 

approximately 680 km where it empties into Hudson Bay (PE SV, Section 4). The Aquatic Environment 

Study Area extends from the Kelsey GS to the Kettle GS (Map 1-2). The study area is characterized by 

three large lakes, Split Lake, Gull Lake, and Stephens Lake, the latter of which is the reservoir for the 

Kettle GS, and various sections of the Nelson River mainstem. The mainstem river is often characterized 

by one swiftly flowing channel, although islands and off-current bays are present along portions of the 

river. There are five major rapids within the study area: Anipitapiskow and Sakitowak rapids located 

between the Kelsey GS and Split Lake; Long Rapids and Birthday Rapids located between Clark Lake and 

Gull Lake; and Gull Rapids at the outlet of Gull Lake. The three lakes all contain numerous islands.  

The reach of the Nelson River between the Kelsey GS and the Kettle GS can be described as a series of 

inter-connected riverine and lacustrine reaches that each contain both lotic (water flowing at 0.2 metres 

per second [m/s] or greater) and lentic (standing water with a velocity of less than 0.2 m/s) aquatic 

habitats. The total area of large river and lake habitat in this reach is 65,322 ha; the upstream boundaries 

occur at barriers resulting from First Rapids on the Burntwood River and the Kelsey GS on the Nelson 
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River, and the downstream boundary is the Kettle GS at the outlet of Stephens Lake. Three large lakes, 

including Split, Clark, Gull and the Stephens Lake reservoir are located in this reach. Water depths in the 

area of the reservoir immediately upstream of the Kettle dam exceed water depths in the mentioned lake 

and river environments. The reaches of river upstream of direct effects of water level regulation in the 

Nelson River offer a wide diversity of water depth, velocity, substrate, and potential plant habitat.  

The majority of the inflow to Split Lake is contributed from the Nelson River (including flows from the 

Grass River located below the Kelsey GS) and the Burntwood River (including flows from the Odei 

River) (PE SV, Section 4.3.1). The area from downstream of Clark Lake to the inlet at Stephens Lake, 

which is within the hydraulic zone of influence of the Project, is characterized by numerous small creeks 

and two small streams, but major tributaries are absent. The physiography of the Aquatic Environment 

Study Area is described in the PE SV, Section 5.3.  

Upstream of the Aquatic Environment Study Area, the Nelson River is also characterized by a series of 

river reaches and lakes, culminating in the reservoir for the Kelsey GS. Downstream of the Aquatic 

Environment Study Area (below the Kettle GS), the Nelson River leaves confines of the Precambrian 

Shield and has formed an incised river valley within the glaciomarine sediments of the Hudson Bay 

lowlands; in this area streams are a prominent feature of the landscape. There are two additional major 

rapids on the Lower Nelson River between the Kettle GS and Hudson Bay (Map 3-1). 

3.3.2.2 Split Lake Area 

The Split Lake area is comprised of Split and Clark lakes, the lower sections of the major inflowing rivers, 

the Nelson and Burntwood, and other adjoining waterbodies. The surrounding landscape has poor 

drainage, and is dominated by black spruce forest in upland areas and black spruce bogs, peatlands and 

fens in lowland areas. The shoreline of Split Lake is stable and is often bedrock controlled and 

interspersed with bog and marsh areas. 

3.3.2.2.1 Nelson and Burntwood Rivers above Split Lake 

Most of the water entering Split Lake originates from the Nelson River (including the Grass River) and 

the Burntwood River (including the Odei River) (PE SV, Section 4.3.1). The Grass River flows into the 

Nelson River immediately upstream of Split Lake.  

Downstream of the Kelsey GS, there is an approximately 5 km long reach of the Nelson River, 

characterized by predominantly fast moving water, with rocky shoreline and substrate, after which the 

Nelson River splits into two channels around a large island. Each channel contains a set of rapids: 

Anipitapiskow Rapids (~7.0 km north of the GS on the north channel) and Sakitowak Rapids (~10.0 km 

northeast of the GS on the south channel). Both channels empty into Split Lake at the base of the rapids. 

The Grass River enters the Nelson River from the west immediately downstream of the Kelsey GS. 

Between Witchai Lake Falls (approximately 5.0 km upstream of the mouth) and the mouth of the Grass 

River, the shorelines are gradual in slope and water velocities are generally lower than in the Nelson 

River. Witchai Lake Falls appears to be a natural fish barrier. 

The Burntwood River flows swiftly in a north-easterly direction from First (Unetoianumayo) Rapids for 

approximately 35 km prior to emptying into the western arm of Split Lake. Under high flow conditions, 
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these rapids appear to be a natural barrier to upstream fish passage. Shorelines in this stretch are 

dominated by moderately sloping bedrock, which is often overlain by fine sediments near First Rapids 

and becomes increasingly exposed towards Split Lake. Hard substrates predominate in the main channel, 

while loose fine sediments and associated macrophyte growth occur in many off-current areas. The Odei 

River enters the Burntwood River from the west. The river meanders in a north-easterly direction before 

falling several times near the crossing of PR 280 approximately 30 km upstream of its confluence with 

the Burntwood River. These falls appear to be a natural barrier to fish passage. From here, the Odei 

River flows as a deep and narrow single channel before becoming braided 5 km from its confluence with 

the Burntwood River. Shorelines in the Odei River downstream of the falls are moderately sloped, and 

composed of thick sediments that support abundant riparian vegetation. Where it meets the Burntwood 

River, the Odei River widens and macrophytes are abundant. Hard substrates predominate in the main 

channel. 

3.3.2.2.2 Split and Clark Lakes 

Split Lake is the largest lake on the lower Nelson River. The surface area of Split Lake is 261.0 km2, with 

a mean depth of 4.0 m and a maximum depth of 28 m, at a water surface elevation of 167 m (Kroeker 

1999). The 5th and 95th seasonal open water percentile lake level elevations are approximately 166 m ASL 

and 168 m ASL, resulting in an IEZ of approximately 2 m. Water levels on Split Lake are a function of 

the amount of water flowing into the lake and the narrow constriction at the outlet (PE SV, Section 4.3). 

Clark Lake is approximately 11 km2 and is characterized by a central thalweg with depths more than 

12.0 m and off-current areas that are generally less than 4 m deep, with velocities generally less than 

0.5 m/s (PE SV, Section 4.3.1.1).  

Split Lake has defined channels that extend from the inlet of the lake through the central basin north and 

east to Clark Lake (Map 3-2). These channels occur where flows appear to pass through narrows, or 

where flows diverge when passing groups of islands, which may be distant from the main channel. Split 

Lake has a complex shoreline and abundant shallow water habitat in areas away from the main basin of 

deep water, which includes the riverine channel (Map 3-3). Most of the offshore area of the lake is deep 

water. The lake has complex bottom topography, as is shown by many areas of shallow water surrounded 

by deep water. 

Water velocities are typically low (less than 0.5 m/s) throughout Split Lake, but increase to over 1.5 m/s 

at the outlet (PE SV, Section 4.3.1.1).  

Lake substrates are primarily composed of fine mineral sediments (clay and silt) with small amounts of 

organic material. Macrophyte distributions in the lake are complex. Some of the main areas where plants 

are found (Map 3-4) are in shallow, standing water areas in large bays, or in relatively small areas among 

tightly grouped islands where exposure to wave action is low. A more detailed description of rooted 

macrophytes species is presented in Section 4.  

3.3.2.3 Keeyask Area 

The Keeyask area is an approximately 45 km long section of the Nelson River, characterized by swiftly 

flowing reaches of the river and Gull Lake which is essentially a widening of the river channel (Map 1-3). 
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The Keeyask area was divided into reaches based on similar characteristics in the riverine or lacustrine 

habitat (Map 3-5). Note that Reach 12 is located in the Stephens Lake area, but is often included with 

discussion of the Keeyask area given the close proximity and similarity in habitat.  

The majority of inflow to the Keeyask area is contributed from the upper Nelson River system (68%) or 

the Burntwood River (29%), with local inflows contributing 3% (PE SV, Section 4.3.1). Small tributaries, 

such as Two Goose Creek, Portage Creek, Broken Boat Creek, and Seebeesis Creek, contribute additional 

flow into the Keeyask area (PE SV, Section 4.3.1.1.6). Tributaries entering into the Keeyask area are 

discussed in more detail below. 

The land adjacent to the river in the upper section of the reach is well drained and dominated by black 

spruce, while peatlands become more common in the lower section of the reach (Gull Lake vicinity). 

Shorelines of the riverine sections consist of bedrock and boulder/cobble with some areas of finer 

materials. The north shore has more frequent deposits of peat than the south shore, which is 

predominantly thin peat over mineral soils, except in the presence of small tributaries. A detailed 

description of the physiography of the Keeyask area is provided in PE SV, Section 5. 

3.3.2.3.1 Description of the Mainstem 

Immediately below Clark Lake, is Long Rapids which is about 3 km long, and is relatively shallow, fast 

flowing and turbulent, with some areas of white water habitat. Between Clark Lake and Birthday Rapids 

there is an approximate 4 m drop in water level, velocities are typically more than 1.5 m/s within this 

reach, and standing waves are common (PE SV, Section 4.3.1). Depths range from less than 4 m in the 

Long Rapids area to more than 15 m just upstream of Birthday Rapids. The substrate and shoreline 

features of this section of the river are largely bedrock and boulder/cobble. Downstream of Long Rapids 

the river widens to about 600 m, deepens, and velocity decreases.  

Birthday Rapids, situated approximately 10 km downstream of Clark Lake, is a 300 m wide constriction 

in the Nelson River that is characterized by a fairly steep gradient (drop of approximately 1.8–2.0 m) with 

high velocities (greater than 1.5 m/s), (PE SV, Section 4.3.1) white water habitat, and 

boulder/cobble/bedrock substrate. Below Birthday Rapids the next 15 km of the Nelson River is a 

relatively uniform approximately 600 m wide channel with medium to high water velocities and relatively 

consistent depths of less than 8.0 m (PE SV, Section 4.3.1). River substrates here are primarily bedrock in 

shallow water, boulder and cobble in the thalweg, with some fine sediment in areas with reduced velocity 

in shallow water. There are a few large bays with reduced water velocity, which in some years will support 

aquatic macrophytes.  

Gull Lake features a diversity of aquatic habitats, including lotic and lentic environments. Gull Lake is 

generally a very wide channel with several islands and bays (PE SV, Section 4.3.1). Depths along the main 

body of the lake are more than 7 m, with some areas approaching 20 m in depth. Depths around the 

islands and in the bays are substantially shallower (less than 3 m). Due to the width and depth of Gull 

Lake, velocities are typically less than 0.5 m/s. Under 50th and 95th percentile flows, velocities in the  

0.5–1.5 m/s range become increasingly more abundant in Gull Lake, particularly in the main river 

channel(s) (PE SV, Map 4.3-5). At the downstream end of Gull Lake, the Nelson River splits around 

Caribou Island. The north channel is generally wider, shallower, and longer than the south channel. As a 
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result, approximately 75% of the river discharge is conveyed by the south channel (PE SV, Section 4.3.1). 

Both channels are characterized by moderate velocities (0.5–1.5 m/s). Lake substrates are predominantly 

cobble and boulder in on-current areas, with soft substrates in off-current areas. Aquatic vegetation is 

primarily restricted to lower velocity areas that are off the major river channel. The presence of 

macrophytes and their location may vary from year to year depending on water levels.  

Gull Rapids is the largest set of rapids in the Keeyask area with a drop of approximately 11 m across its 

approximately 2 km length (PE SV, Section 4.3.1). There are several islands and channels located in Gull 

Rapids. Gull Rapids is a dynamic environment, with new channels being cut periodically due to the 

erosive forces of the existing ice and water processes occurring in the area (PE SV, Section 4.3.1). Most 

of the flow (75% to 85%) passes through the south channel of Gull Rapids, with little to no flow being 

conveyed by the north channel during low Nelson River discharge (PE SV, Section 4.3.1). All channels 

include rapid and turbulent flows featuring the highest velocities (greater than 1.5 m/s) found within the 

Keeyask area. The substrate and shoreline of Gull Rapids are composed of bedrock and boulders. 

Just below Gull Rapids, the Nelson River enters Stephens Lake. Stephens Lake was formed in 1971 by 

the creation of the Kettle GS. Between Gull Rapids and Stephens Lake, there is an approximately 6.0 km- 

long reach of the Nelson River that, although affected by the Kettle reservoir, remains a lotic 

environment with moderate water velocity. A breach in the north and south bank of the Nelson River 

below Gull Rapids occurred during winter 2000/2001, when the ice dam that forms each year in the area 

was particularly massive (PE SV, Appendix 4A). The north breach has since developed into a well-

formed channel that connects via “Pond 13” to O’Neil Bay in Stephens Lake.  

A detailed description of habitat in the Keeyask area based on specific variables is provided below.  

Habitat Variables 

Habitat variables discussed in the following sections are characterized under 95th percentile flow open 

water conditions. Effects under variable flows and ice conditions are discussed under “Environmental 

Variation”. 

Water depth in the Keeyask area is deepest in the primary thalweg and tends to become deeper in the 

downstream direction. Depths as shallow as 2.5 m occur between Clark Lake and Birthday Rapids. Depth 

attains a maximum of 16 m in Gull Lake (Map 3-6). Most of the main channel of the river has depths in 

the range of 8–12 m. 

Most of the Nelson River habitat within the Keeyask area is deep (i.e., more than 3 m), with shallow 

habitat in the main channel being limited to two areas: 1) the reach of river between Clark Lake and 

Birthday Rapids; and 2) Gull Rapids (Map 3-7). Shallow habitat is abundant in bays in the Gull Lake area. 

Areas that are backwatered during high flow events are limited to inlets or the upper extent of shallow 

bays fed by tributaries. The IEZ of the Nelson River is described later in this section.  

Lotic water masses are defined as having a depth average velocity of 0.2 m/s or greater. A lotic water 

mass is continuous throughout the thalweg of the Keeyask area, despite having apparent riverine and 

lacustrine sections. Lentic water masses are limited to narrow bays or areas where the river is notably 

wider than the thalweg. 
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Velocities in the riverine portion upstream of Gull Lake are predominantly moderate or high (Map 3-8). 

Velocities are lower in Gull Lake but moderate velocity habitat (0.5−1.5 m/s) is found throughout the 

lake (Map 3-8).  

White water habitat exists in several riverine locations upstream of Gull Lake. White water habitat is 

formed in a rapid, when a river's gradient increases enough to disturb its laminar flow and create 

turbulence. Sites with white water may have sudden drops in riverbed level and may be associated with 

eddies where reverse flows occur. The presence of white water suggests the diversity of hydraulic habitat 

over a small area is relatively high and so provides important fish habitat during spawning or for refugia 

or feeding. 

The location of rapids with white water habitat does not change with different inflows, although at some 

locations white water occurs only under lower flow conditions. Under an inflow of 3,102 m3/s (just 

above the 50th percentile condition), white water was observed at various locations in the Keeyask area 

(Map 3-9 to Map 3-13). White water habitat is well developed mainly in two localized areas occupying 

part of the river channel between Clark Lake and Birthday Rapids. This area is known as Long Rapids 

(Map 3-9). Within Reach 4, white water at Birthday Rapids spans the full width of the Nelson River 

(about 275 m) (Map 3-10). White water is present on both sides of the island downstream of Birthday 

Rapids, but is better developed under lower flows. In the north channel, white water habitat is localized 

in two areas: 1) the north side of the island; and 2) just downstream along the north bank of the Nelson 

River. The white water on the south side of the island spans most of the width of the south channel 

(~200 m wide). Water movements in reaches 5–8 are turbulent in several areas but no white water is 

developed. White water in Reach 9A and 9B, Gull Rapids, is frequent in the north channel (Map 3-11), 

middle channel (Map 3-12), and south channel (Map 3-13). 

The substrate distribution upstream of Gull Rapids corresponds closely to the pattern of flows and water 

depth. This is most notable when lentic and lotic areas are compared; habitats along the edge of the river 

in lentic habitat typically are depositional (i.e., soft bottomed; silt/clay), whereas the areas of lotic habitat 

are erosion or transport environments (i.e., hard bottomed; boulder to gravel).  

Areas that are deep and lotic are found within the thalweg and are dominated by hard bottomed materials 

(i.e., mainly boulder/cobble/gravel) (Map 3-14). Generally, the largest materials line the riverbed in 

reaches 2A–5. In Reach 6, the flows disperse enough to enable cobble to form a stable bottom. Some 

lotic habitat in this reach has a stable bottom formed of gravel, as shown downstream of Seebeesis Creek 

along the south shore (Map 3-14), providing evidence of dampened velocity gradient in the lower part of 

Reach 6. Decreases in thalweg velocity are evident again farther downstream where the secondary 

channel that flows around the north side of Caribou Island allows sand to form a stable bottom. Sand is 

not abundant in Deep habitat, and has only been located in this channel. Velocity in this area is not fast 

enough to create a net movement of sand away from the area but is sufficient to transport silt/clay 

downstream. Observations of near bottom velocity in these two areas averaged 0.26 m/s, with a 

corresponding depth averaged velocity of 0.48 m/s with water depths in the range of 8–11 m 

(Appendix 3A). 
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Areas of shallow and lentic habitat are present along the edge of the river in the form of depositional 

bays (i.e., mostly silt/clay). Organic materials are found mostly in the lower reaches of the tributaries 

where backwater effects from the Nelson River occur during times of higher flows (Map 3-14). 

Below Gull Rapids, the riverbed shows that a size gradient of materials occurs in the first 6 km as velocity 

drops. Flows are sufficient to maintain the bed processes of erosion and transport for more than 5 km, as 

evident by substrates of sand or greater material size (Map 3-15). A small eroded channel exists about 

2 km downstream of Gull Rapids on the south bank. The substrate of the channel was mainly clay but it 

should be noted that changes in flow among seasons over time may create changing hydraulic conditions 

and the long term character of the substrate may change. About 3.5 km downstream of Gull Rapids, 

gravel starts to dominate the flooded thalweg which then grades to gravel/sand and then to sand over the 

next two kilometres. The zone of homogenous silt deposition in the flooded thalweg starts about 5.5 km 

below Gull Rapids at depths of about 17–20 m.  

The position of the silt boundary in the flooded thalweg of the river as it enters Stephens Lake appears to 

be formed by relatively high magnitude flows. Low inflows, i.e., 5th or 50th percentile, form lentic habitat 

about 1.2–2.2 km up river of the depositional boundary and this standing water overlies erosion and 

transport substrate habitat. In comparison, flows above the 50th percentile maintain lotic habitat over the 

gravel and sand substrates that extend to depths of 17–20 m, where the onset of silt deposition begins. 

Homogeneous silt deposition dominates the bottom of the flooded thalweg down river of the silt 

boundary even in lotic habitat during relatively high inflows, due to increased water depth/lack of 

channel confinement. 

The lentic habitat in the river channel downstream of Gull Rapids on the north bank of Reach 11 is not 

depositional as was observed consistently in lentic habitat up river of Gull Rapids. This is an apparent 

response to the winter hydrodynamics resulting from the hanging ice dams (PE SV 4.3.2.5), which may 

create a seasonal shift in the position of the lentic/lotic boundary. 

The distribution of macrophytes (Map 3-16) above Gull Rapids corresponds closely with the distribution 

of standing or low water velocity, shallow water, and silt/clay substrate. Most of these habitat variables 

co-occur in low slope areas, including the relatively large bays in the Gull Lake area, but small plant beds 

are also found in portions of the Nelson River mainstem. In the first 4 km below Gull Rapids, the 

availability of potential habitat is limited and macrophytes are sparse.  

Environmental Variation 

Variation in flows, within and among years, determines the amount and type of aquatic habitat available 

to biota. A comparison of annual and seasonal flows is provided in the PE SV, Section 4.3.1.  

Open water season inflows during the period when the majority of environmental assessment studies 

were conducted (2000−2006) varied to near the full range expected in the Nelson River (Figure 3-2, 

further described in PE SV, Section 4). The maximum hourly discharge during this period was observed 

in the fall of 2005, when flow was about 6,590 m3/s, or about 1.2 times the 95th percentile flow of 

5,266 m3/s. The lowest discharge occurred in the fall of 2003 when flow was 1,372 m3/s, or about 

0.73 times lower than the 5th percentile of 1,882 m3/s. Most years had flows for extended periods in the 

range of 3,000–4,000 m3/s; i.e., higher than the 50th percentile (2,866 m3/s). The following discussion 
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compares aquatic habitat at 95th and 5th percentile inflows, and also describes other changes that have 

occurred as a result of variation in open water flows. 

Upstream of Gull Rapids, difference in average water depth for the reaches ranged from 0.6 to 1.7 m at 

5th and 95th percentile flows. The average depth of the IEZ in reaches 2–8 (upstream of Gull Rapids) 

ranges from 1.2–2.1 m. Water depth in many areas of Gull Rapids is uncertain (PE SV, Appendix 4A) 

preventing calculation of the IEZ. Water level variation in reaches downstream of Gull Rapids is 

primarily controlled by operation of the Kettle GS. 

During the open water season, changes in depth over short time periods are small: for example, the 

typical 1-day water level variation on Gull Lake is 0.01 m, while the 7-day variation was 0.07 m (PE SV, 

Section 4.3.1). 

Variations in flow result in changes in velocity magnitude and pattern in the river. Differences in velocity 

between the 5th (Map 3-17) and 95th percentile inflows above Gull Rapids are smallest in the riverine 

reaches, in particular at rapids, and are largest in the lacustrine reaches (Map 3-18). Maximum velocities 

within each reach are typically found in rapids or narrows; the 5th percentile maxima are 87% (4.4 m/s) of 

the 95th percentile flows (5.1 m/s), and are very similar. Away from the rapids, the average riverine 

velocity also remains similar between low and high flows; the average 5th percentile flow rate is 1.0 m/s, 

and this is 75% of the 1.36 m/s average of the 95th percentile. In the lacustrine reaches, the average 

5th percentile velocity is 0.21 m/s; this is 65% of the 0.33 m/s modelled for the 95th percentile flow. 

These data show that the riverine sections do not slow notably over a wide range in flows, but the area of 

faster water near each narrows does decrease. In the lacustrine reaches, the decrease in velocity between 

the 95th and the 5th percentile inflows is largest suggesting that changes of flow are more likely to have an 

effect on the type and distribution of substrate in Gull Lake, for example.   

The discussion of aquatic habitat above was based on open water conditions, which is an important 

period to determine the distribution of aquatic biota and includes most biologically significant periods, 

such as spawning. However, ice scour in shallow areas can disrupt littoral biota and formation of ice 

dams or thick ice cover can make areas unsuitable for overwintering fish. As described in PE SV, 

Section 4.3.1.4, the formation of ice is complex and varies considerably between years. Constrictions in 

the river due to formation of ice results in higher overall water elevation in some sections than during the 

open water season and the distribution of velocity may be substantially different from the open water 

season. In particular, nearshore velocity can be high in riverine reaches.  

Macrophytes 

The presence or absence of rooted macrophytes depends on the availability of suitable wetted habitat, 

and the ability of plants to occupy that habitat. Changes in water level for a prolonged period during the 

growing season result in shifts in the location of macrophyte beds as plants respond to the changes in the 

availability of suitable habitat. When river levels remain low, some of the potential habitat higher on the 

bank is not wetted (i.e., not suitable) and the elevation to which light can penetrate will also be lower 

(Figure 3-3). In the Nelson River, the zone of suitable habitat fluctuates up and down the bank within the 

zone of potential habitat as water levels change; as such, the suitable habitat will always be smaller than 

the potential habitat, and more closely linked to the recent water regime.  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 3: AQUATIC HABITAT  3-20 

Constraint criteria were used to define the area of habitat with potential for macrophyte growth, and 

calculate the proportion of occupied habitat. The constraint criteria were limited to observations made 

during 2001, 2003, and 2006 in reaches 5–8. The constraint criteria were: 1) 95th percentile inflow water 

surface; 2) silt/clay substrata; 3) standing or low water velocity (depth averaged) (i.e., less than0.5 m/s); 

and 4) water depths less than 3 m at a 5th percentile inflow (to account for light penetration at low water). 

The constraint criteria accounted for 94–99.7% of the macrophyte data observed each year. 

Macrophyte stands observed in any one year tended to occupy the same general areas in the other years 

(Map 3-16), but notable differences in the depth of plant beds, their size, and number was evident 

between years. Water levels varied within and among years but in general they were high in 2001 and 

2006 and were low in 2003 (Figure 3-2). The average depth of the plant beds in 2003 (1.9 m), when 

compared using depths relative to the 95th percentile, was notably greater than that of 2001 and 2006 

(1.2 m, 0.72 m) (Figure 3-4A). After the 2003 depths were adjusted to account for low water using the 

5th percentile inflow instead, the average depth (0.95 m) appears similar to the other years (Figure 3-4B) 

with a grand mean depth of 1.09 m and a standard deviation of 0.68 m. These data show that plants in 

the Keeyask area have adapted to considerable interannual variation of water levels. 

Low water years appear to have fewer but larger macrophyte stands when compared to high water years 

(Table 3-3). Although 2001 and 2006 were both years of high water and both had relatively small average 

stand sizes, the total area occupied by plants in 2001 was about 2.5 times that observed in 2006 

(Table 3-3). In 2005, water levels in the Keeyask area were also high for most of the open water season 

(Figure 3-2) and this may have also contributed to the distribution observed at higher elevations in 2006. 

Review of the water regime data for the early part of the growing season suggests that the relatively lower 

water levels in 2001, i.e., nearer to the 50th percentile inflow, may have provided better conditions  

(i.e., somewhat similar to 2003) than in 2006 when water levels remained relatively high throughout the 

growing season.  

The total area that macrophytes occupied in reaches 5–8 during the three years of study was 

788 hectares (ha) (164 ha of overlapping plants was surveyed among years). Therefore, over the years of 

study, rooted macrophytes occupied 624 ha of the 1,168 ha (i.e., 53.4%) of the total potential habitat 

available (Table 3-4). In any one year, plants occupied 13.6–37.7% of the suitable habitat, or 12.5% to 

30.7% of the potential habitat, that was available over the years. On average, the area of plants found in 

reaches 2B-9A is 208 ha.  

In summary, low water levels provide better overall conditions for plant growth in the Keeyask area as 

the soft textured substrate in the extensive flats of the bays becomes sufficiently shallow to be suitable; 

this appears to result in fewer but much larger macrophyte beds. At high water, many of these areas do 

not to support plant growth. Instead, the plant beds are visible at higher elevations (which correspond 

with sloped parts of the channel) as relatively narrow bands that are oriented parallel to shore. The effect 

of intra and inter-annual variation of the water regime on macrophyte distribution is large. The ability of 

plants to occupy suitable habitat ranged from 13.6–37.7%; the range was slightly smaller when potential 

habitat was considered.  
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3.3.2.3.2 Description of Creek Habitat 

Twenty-three small creeks drain into the Keeyask area. With the exception of Portage Creek and Two 

Goose Creek, the creeks in the Keeyask area drain small basins in low-lying peatland topography (Map 

3-18). Low-level aerial surveys (Appendix 3A) show the predominant character of the creeks is peatland 

pool habitat and low velocity sections often have indeterminate channels that are bounded by peatlands. 

Most of the creek channels descend gradually to the Nelson River and the substrate is mainly organic. 

The size and habitat characteristics of these tributaries suggest that most are ephemeral.  

Of the 86 km of stream present in the Keeyask area only about 1.5 km (1.7%) of well-developed 

hydraulic habitat exists, characterized by riffle/pool/run/glide habitat sequences, which is found 

primarily in Portage Creek and Two Goose Creek (Map 3-20). These two tributaries arise from headwater 

lakes and sections of each creek cascade down relatively steep reaches of the watershed where a 

meandering channel has developed and riffle/pool/glide habitat sequences are found. Below Carscadden 

Lake, Portage Creek alternates between riffle/pool/glide sequences and predominantly glide habitat as 

the stream descends over a stepped plateau. Two Goose Creek has riffle/pool/glide sequence habitat 

immediately below the headwater lake, and also near the confluence of the Nelson River. Gull Rapids 

Creek has a small amount of boulder habitat near the confluence with the Nelson River.  

The location of the confluence of the Nelson River and each creek mouth varies with discharge of the 

Nelson River. The confluence often is found within the channel of the Nelson River when the river 

discharge is low. When river discharge is high, the lower reaches of the creek become inundated and a 

lentic backwater habitat forms. The range in the IEZ at Portage Creek and Two Goose Creek is shown 

for the open water season for the lower reaches of each creek in Map 3-20. At Portage Creek, the range 

of the IEZ during the open water season is 2.8 m; this creates a backwater inlet about 60 m in length. At 

Two Goose Creek, the backwater effect from the IEZ is relatively narrow as it is confined within the 

creek channel, which extends up the creek about 240 m. The substrate type in both backwater inlets is 

silt/clay.  

Well-developed hydraulic habitat, as evident by riffle/run/pool/glide sequences, is found in Portage 

Creek and Two Goose Creek at elevations above the IEZ. Portage Creek has about 1,500 m of glide 

habitat below Carscadden Lake followed by 250 m of riffle/pool/glide habitat dominated by cobble and 

boulder substrates. Approximately 500 m of additional glide habitat then gives way to 1 km of 

riffle/pool/glide sequences that terminate at the onset of the backwater inlet. Two Goose Creek has 

200 m of riffle/pool/glide habitat immediately below a headwater lake, and about 75 m more near the 

confluence with the Nelson River. Under conditions of low Nelson River discharge, and low flows in the 

tributaries, access up into these two tributaries by fish may be difficult due to the presence of the riffles in 

the lower reaches.  

At Gull Rapids Creek, about 50 m of boulder habitat is found within the IEZ of the Nelson River. 

Reliable estimates of stage variation are lacking for monthly, weekly, or daily time steps due to the 

hazardous nature of the river in this area. Mapping of the open water season 95th percentile suggests that 

this stretch of boulder habitat is fully inundated at high water. However, at lower Nelson River and Gull 

Rapids Creek discharges, the area of boulders may form an impediment to fish passage. 
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3.3.2.4 Stephens Lake Area 

Stephens Lake was impounded by the Kettle GS in 1970, but did not attain full supply level until 1971. 

The reservoir flooded about 96 km2 of waterbodies including about 48 km2 of the Nelson River and 

Moose Nose Lake, the latter of which now lies within the north arm of Stephens Lake (Map 3-21). 

Today, Stephens Lake is surrounded by seven watersheds that drain the local topography. The North and 

South Moswakot rivers and Looking Back Creek, all of which drain into the north arm, are three of the 

lake’s largest tributaries. The southern part of Stephens Lake, beginning approximately 5 km downstream 

of Gull Rapids, consists of the original Nelson River channel flowing eastward between several islands 

created by flooding and into the Kettle GS reservoir. The normal operational range of Stephens Lake is 

2 m, with 5th and 95th percentile elevations of 139.2 m and 141.1 m, respectively (PE SV, Section 4.3.1.2), 

resulting in an IEZ of 1.9 m.  

Most of Stephens Lake is lentic, including the north arm and the eastern half of the reservoir where it is 

wide and relatively deep. Spot measurement of water movements in the north arm are less than 0.05 m/s 

(Map 3-22). Most water movement observations at sites in the eastern half of Stephens Lake are about 

0.1 m/s, except immediately upstream of the Kettle GS where velocities range from 0.3–0.4 m/s. 

Lotic water masses occur under higher inflow conditions, primarily in the western half of the reservoir 

where currents tend to follow the original thalweg of the Nelson River (Map 3-22). Depth averaged 

velocity models for the Keeyask area (Section 3.3.2.3) suggest that lotic habitat ceases in Reach 11 (of the 

Keeyask area) and/or 12 when inflows are equal to or less than the 50th percentile suggesting that, under 

low to moderate flows, nearly all the reservoir is lentic habitat.  

Substrates in Stephens Lake are either mineral or organic-based. The western half of the lake, including 

the north arm, contains a large amount of flooded terrestrial habitat and shallow bays that have flooded 

shorelines and predominantly silt or fine organic material substrates. However, some of the north arm is 

relatively deep (8−14 m) and along its eastern side retains much of the original, rocky shoreline and 

mineral-based substrates. Flooded islands along the original Nelson River channel in the southern part of 

the lake have mixed shorelines of submerged trees and a combination of clay, sand, and gravel substrates.  

The eastern portion of Stephens Lake (i.e., the Kettle GS reservoir) is relatively deep compared to the rest 

of the lake (mean depth = 24.7 m). The deepest area of the reservoir occurs in the original pre-flood 

Nelson River thalweg adjacent to the dam intake channel. Substrates in the reservoir are composed 

primarily of fine silt depositional materials; however, granular (sand/gravel) materials are found in clay 

along both the north and south shorelines.  

Studies of rooted macrophyte distribution in the western end of Stephens Lake were undertaken to 

support development of a model to predict macrophyte abundance in the Keeyask reservoir (Map 3-23). 

Aquatic plants were found frequently in standing water areas, and showed a strong affinity for clay or 

organic based substrata. No plants were observed on inundated peat. Details of survey results and the 

macrophyte model are provided in Appendix 3C. Two of the nine species of macrophytes identified were 

observed frequently in standing water areas of Stephens Lake and each of the two species exhibited 

different habitat preferences. Potamogeton richardsonii, the most frequently observed species, showed a 

strong affinity for clay substrata and was found at depths mainly below the IEZ, while Myriophyllum 
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sibiricum showed a preference for areas with fine organic deposits that are commonly found at the ends of 

flooded bays (Figure 3-5; Table 3-5).  

As described in Section 3.2.4.2, Stephens Lake was used as a proxy to develop models to assist in 

predicting the future aquatic habitat conditions in the Keeyask reservoir (Appendix 3B).  

3.3.2.5 Access Road Stream Crossings 

The north and south access roads will cross five streams. The construction of the north access road was 

assessed in the Keeyask Infrastructure Project Environmental Assessment Report (KIP EA). The current 

assessment considers the operation of the north access road stream crossings and the construction and 

operation of the south access road. A map of the stream crossing locations is provided in Map 1-4. 

Detailed aquatic habitat assessments are provided in Appendix 3E. Information on stream hydrology is 

provided in PE SV, Section 4. 

3.3.2.5.1 North Access Road 

The north access road crosses two streams: an unnamed tributary of the South Moswakot River and 

Looking Back Creek, which flows in to Stephens Lake.  

The unnamed tributary is a small intermittent stream with morphology and habitat ranging from boreal 

wetland with a braided channel and beaver dams to a well-defined narrow channel in upland forest. 

Although the unnamed tributary is a small second-order stream, the road crossing is in the headwaters 

where it is a first-order stream. Pool habitat, with a moderate level of cover composed primarily of over-

stream vegetation and woody debris, is present at the crossing site. As described in the KIP EA, this 

stream will be crossed by a culvert, with riprap to stabilize the banks on either side. No habitat alterations 

outside of the crossing location are expected. 

Looking Back Creek is a medium-sized seasonal to perennial stream with a well-defined meandering 

channel lying within a narrow well-drained floodplain. Fish habitat at the Looking Back Creek crossing 

site consists of run/glide habitat (laminar flow) with a small amount but high diversity of cover, including 

over-stream vegetation, woody debris, cut bank, instream vegetation, and boulder. Stream substrate was 

moderately compacted fine sediments with sporadically occurring boulders. 

The crossing location is in close proximity to Stephens Lake, with no barriers to fish passage 

downstream.  

As described in the KIP EA, this stream will be crossed by a clear span bridge with no effect on aquatic 

habitat. 

3.3.2.5.2 South Access Road 

The south access road will cross three small streams: Gull Rapids Creek; an unnamed tributary of 

Stephens Lake; and Gillrat Lake Creek. 

Although Gull Rapids Creek is a small second-order stream, the road crossing is located where the 

tributary is a first-order stream. Gull Rapids Creek is an ephemeral stream that drains bogs, fens, and a 

large headwater pond located upstream of the crossing site. At the proposed crossing location, the stream 
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consists entirely of pool habitat with little or no velocity, fine substrate, and a high level of cover 

composed of over-stream vegetation (10%) and instream vegetation (90%).  

Unnamed tributary of Stephens Lake is a very small first-order stream, with the majority of the watershed 

(90%) located upstream of the crossing location. It drains a small unnamed lake (approximately 750 m 

upstream of the crossing) and flows into Stephens Lake approximately 400 m downstream of the 

crossing. This stream drains bogs, fens, and a small lake upstream of the crossing location. At the 

proposed crossing site, there are two stream channels both lying within a relatively broad, saturated 

floodplain. Both channels consisted entirely of pool habitat with little or no velocity, fine substrate, and a 

moderate level of cover composed of over-stream vegetation, instream vegetation, and cut bank. 

Gillrat Lake Creek is a relatively small first-order stream, with virtually the entire watershed located 

upstream of the crossing location. The stream drains Gillrat Lake and flows into Stephens Lake. 

Numerous beaver dams restrict upstream fish passage to Gillrat Lake; downstream of the crossing 

location the creek was not impacted by beaver dams or other impasses to fish. Gillrat Lake Creek drains 

bogs, fens, and Gillrat Lake. At the proposed crossing location, the channel is well-defined and has stable 

bank, with habitat consisting of a variety of pool, run, and riffle habitats, a mixture of fine, cobble, and 

boulder substrates, and a moderate level of cover composed of over-stream vegetation, large organic 

debris, cut bank, boulder, and instream vegetation.  

3.3.3 Current Trends/Future Conditions 

Apart from the effect of inter-annual variations in flow, aquatic habitat has been relatively stable over the 

recent past, given that analyses of the water regime and sedimentation (Section 6.2.3.2.6 and Section 

6.2.3.2.8) do not identify any pronounced trends. However, the formation of large ice dams at Gull 

Rapids has created and would continue to create new channels, due to water level staging and redirection 

of flows, and may cause changes to the river bottom such as the movement of substrate (e.g., boulders) 

(Section 6.2.3.2.8). The potential effects of climate change were considered separately as described in 

Section 6.4.9. 

 

3.4 PROJECT EFFECTS, MITIGATION AND 

MONITORING 

3.4.1 Construction Period 

The following section considers potential effects related to the construction of the GS and south access 

road during the construction period. Construction of the north access road was addressed under the EIS 

for the Keeyask Infrastructure Project (Keeyask Hydropower Partnership Ltd. 2009). 

This section considers those effects to aquatic habitat that are restricted to the construction period (e.g., 

habitat affected by the construction of infrastructure, such as cofferdams). The effects of water levels that 
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attain FSL for the first time, which occurs later in Stage II of the Construction period, are discussed in 

the section on Operation.   

Potential construction-related effects considered in this assessment include:  

 Loss of aquatic habitat due to construction of project infrastructure(e.g., cofferdams, spillway 

features) ;  

 Changes in water levels and velocity immediately upstream and downstream of the construction site 

due to river management; 

 Construction of a two temporary causeways between Pond 13 and the Nelson River to allow vehicle 

access to deposits N-5 and G-3; 

 Changes in substrate downstream of the GS due to the deposition of construction-related sediments; 

and 

 Loss/alteration of habitat at the south access road crossings. 

A detailed description of the sequence of water level staging and changes in velocity during construction, 

including winter, is found in the PE SV, Section 4.4.1 and Section 4.4.1.6, which includes maps of the 

general arrangement and names of the principal structures. A detailed summary of water level changes is 

also provided in PE SV, Table 4.4-1. These two sections are summarized below to capture the main 

sequence of in-water activities, to identify temporary and permanent changes to habitat, and potential 

overlaps of work in periods of time that are important for spawning and larval incubation of fish (i.e., 

15 May to 15 July and 15 September to 15 October), as discussed further in Section 5 and Section 6. In 

general, the spring spawning period, which includes the spawning and larval emergence of lake sturgeon, 

was considered most sensitive and was provided greater priority. 

3.4.1.1 Overview 

Instream activity during Stage I of the construction period (June 2014 to September 2017) dewaters 

habitat in the north and central channels of Gull Rapids (reaches 8 and 9), and diverts most river flows to 

the south channel (Map 3-24). Stage I of construction avoids the spring period, but overlaps with the fall 

period at two cofferdam sites, as described below. The main effects on habitat availability are losses due 

to dewatering, and disruption to available lotic habitat due to diversion. Substrate quality also will be 

disrupted due to erosion, transport, and deposition of bank and cofferdam materials into the downstream 

area primarily due to river staging in the Gull Rapids area. The area of habitat loss within the footprint of 

the Project infrastructure is about 30% of the dewatered area in Stage I. In Stage II, which begins in 

fourth open water season of construction (September 2017 to December 2019), the spillway cofferdam is 

partially removed which increases wetted area, and the south dam is built in two stages (Map 3-24). As a 

result, lotic habitat will be disrupted near the spillway where flows are concentrated and increase in 

velocity. New lentic habitat will be created below the south dam, but will vary in area due to inflows and 

construction activity, until the spillway construction is complete. Cofferdams will be removed from the 

powerhouse and tailrace area in year 6 (2019). Substrate quality will be disrupted in Stage II temporarily 
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due to the erosion, transport, and deposition of mobilized materials from river staging in Gull Rapids and 

to a lesser extent, the Gull Lake area, into the downstream area.  

A summary of the temporary and permanent changes to aquatic habitat for each of the two phases of 

construction is provided in Table 3-6.  

3.4.1.2 Stage I Changes to Aquatic Habitat 

The total area dewatered during Stage I of construction is estimated to be 131.5 ha, inclusive of the 

Project infrastructure that accounts for about 30.6 ha (Table 3-6, Map 3-24).  

Changes to aquatic habitat in Stage I result initially from construction of the North Channel rock groin, 

which is scheduled to begin after spawning and larval emergence of lake sturgeon has occurred in mid-

July, during the first open water period of construction. The north channel rock groin will be permeable 

but will divert most of the flow to the south channel, effectively dewatering much of the north and 

central channels (see Table 3-6, above). Instream work in this year will be completed in late October, 

during the fall spawning period, after about three months of work when the Stage I island cofferdam, the 

impermeable quarry cofferdam, and the powerhouse cofferdam at the downstream extent of the north 

channel are in place.   

In year 2, the second open water period of construction, instream works begin again in mid-July to avoid 

effects to the spring/early summer period. Wetted habitat losses in the second year of Stage I occur in 

the dewatered area within the spillway cofferdam and the central dam Stage I cofferdam. Construction of 

the spillway cofferdam will take will take about three months to complete (mid-October). The cofferdam 

for the central dam will be built from mid-August to early October, which partially coincides with the fall 

spawning period. Construction at the central dam starts a week or more after the spillway cofferdam 

construction begins. Water level increases above existing levels are expected due to the combined effects 

of diversion and encroachment in the south channel by the spillway cofferdam, which is expected to 

increase the amount of eroded materials (PE SV, Section 6.4.1.1) and suspended materials (PE SV, 

Section 7.4.1.1). Increases in water levels, assuming a 1:20 year construction design flood (PE SV, 

Section 4.4.1.2), will be about 0.9 m at the upstream extent of the spillway cofferdam, and about 0.8 m 

upstream of Gull Rapids (PE SV Map 4.4-1). Increases in average velocity in the area of the spillway are 

about 0.3 m/s or less (PE SV Figure 4.4-3), and in the context of this rapids habitat, are considered small.  

No instream activities are planned in year 3 (2016), during blasting and excavation at the powerhouse and 

spillway. Partial removal of the spillway cofferdam is planned in mid-summer 2017, and does not overlap 

with the spawning/incubation periods in spring or fall.  

3.4.1.3 Stage II Changes to Aquatic Habitat 

The total area dewatered during Stage II of construction is estimated to be 123.9 ha, of which the Project 

infrastructure accounts for about 29.2 ha (Table 3-6, Map 3-24). Note that in Map 3-24, the infrastructure 

that is permanently flooded in Stage II of construction (i.e., a substrate alteration), is shown within the 

dewatered areas for Stage I. 
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Instream activity during Stage II occurs in years 4–6 of the construction period (August 2017-December 

2019) involves the partial removal of the spillway cofferdam and construction of the upstream and 

downstream south dam rockfill cofferdams, which over about a two-week period, direct flows to the 

spillway. The main effects on habitat availability during Stage II construction are: 

 Permanent habitat losses due to the construction of upstream and downstream south rockfill 

cofferdams and central cofferdam;  

 Disruption to available lotic habitat due to temporary creation of lentic habitat downstream of the 

south rockfill dam and concentration of flow towards the spillway;  

 Increases in water levels as far upstream as Gull Lake due to staging; and  

 Disruption of substrate quality due to initial use of the spillway and temporary changes in the 

processes of erosion, transport, and deposition of flooded bank and cofferdam materials into the 

downstream area (see Table 3-6, above).  

Stage II Construction activities start in year 4 (August 2017) with partial removal of spillway cofferdam. 

This work will be completed primarily in August, but may extend a few days into the fall spawning 

period. The South Dam upstream rockfill cofferdam will be completed mostly in the fall period in order 

to avoid instream activity during the spring/early summer period the following year. Unregulated flows 

will first pass through the partially completed spillway in September (2017) and thereafter while the north, 

central, and south dams are constructed. The downstream side of the south rockfill dam will be built 

during spring spawning period (mid-May to mid-July). Although this activity cannot be completed before 

the spring period (withstanding an early thaw), this is not expected to occur on a spawning area given it 

will be lentic habitat (PE SV, Map 4.4-9). In the area of the spillway, velocities will be about 10 m/s, or 

about 2 m/s faster than Stage I, under a 1:20 year construction design flow scenario, which in both cases 

will prevent upstream movements of fish (Section 5). Flooding during Stage II of construction, according 

to this scenario, could be up to 1.5 m higher than occurs under present conditions but would be limited 

to the Gull Rapids area, and is not expected to exceed water levels experienced during Stage I (PE SV, 

Section 4.4.1.4 and Map 4.4-3).  

Final construction works on the spillway will occur from July of year 4 (2017) to November of year 5 

(2018). Water levels upstream of the structure will increase due planned closure of spillway bays, but 

levels will vary depending on inflow and the number of spillway bays used during this time (PE SV, 

Section 4.4.1.4). 

The powerhouse and tailrace cofferdams will each be removed in year 6 (2019) within a one month 

period. The powerhouse cofferdam removal will overlap with the latter part of the spring spawning 

period, whereas the tailrace cofferdam removal occurs during most of the fall spawning period. The 

tailrace cofferdam removal will wet the tailrace area more than one month before first power generation.  

Reservoir impoundment is planned for about one month during November of year 6 (2019) at a rate of 

about 0.5–1.0 m/day, which would store a relatively small amount in the reservoir (i.e., about 3–10% of 

the November monthly discharge), leaving sufficient instantaneous flows available for the downstream 

area.  
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Lotic habitat will be created below the powerhouse for the first time when the first turbine becomes 

operational in December of year 6 (2019). As discussed in the section on Operation, this is expected to 

erode materials from the areas where construction occurred and transport and deposit materials in 

Reaches 11 and 12.  Incremental movement and deposition of materials could be expected until the time 

all turbines are operational.   

At initial FSL, the Project infrastructure will create a permanent loss of 10.4 ha (Reach 9B), and all 

dewatered habitat upstream of the Keeyask GS will be flooded (Reach 9A). The area of dewatered habitat 

below the Keeyask GS is not known well but is estimated to be about 101.4 ha. The total loss of rapids 

habitat over bedrock and boulder substrate habitat in Reach 9B, which includes the Project infrastructure 

below the reservoir and dewatered area, is about 111.8 hectares. Further changes to aquatic habitat are 

discussed in the section on Operation.  

3.4.1.4 Construction of Causeways for Temporary Haul Roads to N-5 and 

G-3 Borrow Areas 

The construction of two temporary causeways will be built to access the N-5 and G-3 borrow areas (see 

Project Description Supporting Volume [PD SV]) for about seven years during the construction period. 

Access to N-5 will require crossing the Pond 13 south channel (Photo 3-1). Culverts will be placed to 

allow fish passage through the crossing under the full range of Stephens Lake water levels. The channel 

between N-5 and G-3 presently does not connect Pond 13 with the Nelson River. To ensure that no 

entrapment of fish occurs, a channel will be excavated on the west side of the G-3 causeway. Each 

crossing site is not unique in terms of the substrate, depth, or water movements, and is small relative to 

adjacent similar habitat.  The effects to aquatic habitat at the crossing locations are considered small in 

magnitude, local in area, temporary in duration, and continuous in frequency.  
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Source: P. Cooley, North/South Consultants Inc., 2006. 

Photo 3-1: Pond 13 area looking north towards Looking Back Creek  

3.4.1.5 Downstream Sedimentation 

During each of the Stage I and Stage II instream construction activities, which are expected to last in the 

order of four years, approximately 50% of the additional suspended sediment concentrations will likely 

be deposited in the Nelson River as it enters Stephens Lake (PE SV, Section 7.4.1.2). This sediment will 

form a layer estimated to be up to approximately 0.6 centimetres (cm) thick near the inflow of the river to 

Stephens Lake, and then diminish to approximately 0.1 cm in the southern half of the reservoir towards 

Kettle GS. Deposited material is expected to include silt, sand and coarser material. This material is 

expected to remain on the lake bottom into the operation period. 

3.4.1.6 Loss/Alteration of Habitat at South Access Road Stream Crossings 

Three of the stream crossings along the south access road are described in Section 3.3.5 of the PD SV, 

and are shown in Map 4.2-1 of that volume, or Map 1-4 in this volume. At each of the three first order 

stream crossings (Gull Rapids Creek, an unnamed tributary of Stephens Lake, and Gillrat Lake Creek), 
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the footprint of the road, combined with the installation of single or double corrugated pipe culvert(s), 

may result in several changes in aquatic habitat including the following: 

 In-filling of stream channel from placement of culvert and roadbed material; 

 Physical disturbance or damage to instream and riparian habitat; 

 Depending on the size and method of installation, some changes in water depth for the length of the 

culvert at some sites, and an increase in depth immediately upstream and downstream of the culvert 

at most sites; 

 Introduction of riprap at the upstream and downstream ends of the culvert to reduce erosion; 

 Introduction of runoff and sediment into watercourses during construction resulting in 

sedimentation of downstream habitats; 

 Loss of rooted submergent aquatic plant habitat in the immediate footprint of the road; and 

 Depending on the size and method of installation, some increase in average water velocity for the 

length of the culvert, and a short-length immediately upstream and downstream at all sites. 

Impacts related to construction will be minimized due to control measures outlined in the PD SV and 

practices described in the Environmental Protection Plan.  

3.4.2 Operation Period 

As discussed in Section 6.2.3.3.2, the total area of large river and lake habitat in the Kelsey GS to Kettle 

GS regional study area is approximately 65,000 ha (160,618 acres). Construction of the Keeyask GS will 

divide this area into an upstream area of approximately 40,000 ha (98,842 acres) (including flooded area 

of the reservoir) and a downstream area of approximately 30,000 ha (74,132 acres). 

Effects to aquatic habitat are described for the following areas: 

 Split Lake area, including Split and Clark lakes; 

 The outlet of Clark Lake to the GS; this area comprises the portion of the Keeyask area described in 

the existing environment that will be upstream of the GS;  

 Downstream of the GS; this area comprises the portion of the Keeyask area that will be within and 

downstream of the GS, including a portion of Gull Rapids, the riverine reach below Gull Rapids and 

Stephens Lake; and 

 North and south access road crossings. 

3.4.2.1 Split Lake Area 

For open water conditions, there is no effect on the water levels and the fluctuations on Clark and Split 

Lakes due to the Keeyask project for either of the modes of operation (PE SV, Table 4.4-7). Under low 

flow conditions which occur on average once every 20 years, there may be a possibility that, due to the 

Project, peak winter water levels on Split Lake could be increased by up to 0.2 m above those which 
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would occur without the Project in place. Even with the increased water level due to Project, the level on 

Split Lake would remain within the same range of winter levels that has been experienced historically 

(PE SV, Table 4.4-7). Given that these changes will remain within the range of existing water levels, no 

effect to aquatic habitat in the Split Lake area is expected.  

3.4.2.2 Outlet of Clark Lake to the Keeyask Generating Station  

The reach of the Nelson River from downstream of the outlet of Clark Lake to the Keeyask GS, which 

will form the future Keeyask reservoir, will undergo substantial changes to aquatic habitat following 

impoundment. A linkage diagram illustrating the pathways of potential effect to aquatic habitat is 

presented in Figure 3-6. The principal sources of change will be the footprint of the Keeyask GS Project 

itself (PE SV) and water level regulation (PE SV). Water level regulation will result in changes to the ice 

regime and the water regime. Changes to the water regime will affect aquatic habitat. Changes in the 

water regime include different water levels and flows during the open water and ice cover seasons 

(PE SV, Section 4.4), flooding of land (PE SV, Section 4.4.2.2), shoreline erosion processes (PE SV, 

Section 6.4), and sedimentation (PE SV, Section 7.4). Effects to aquatic habitat were predicted based on a 

synthesis of changes to the physical environment in conjunction with additional analyses based on 

observed conditions in other reservoirs (described in Appendix 3B). Potential changes to aquatic biota 

resulting from changes to aquatic habitat are discussed in Section 3, Section 4, Section 5 and Section 6. 

This section addresses the assessment of operation-related effects for the conditions expected in the 

short-term (i.e., at the time of initial FSL), in the first years as the conditions in the reservoir evolve, 

(represented by projections for Year 1, Year 5, and Year 15) and the long-term (represented by 

conditions in Year 30 after impoundment, which is expected to be similar to conditions in subsequent 

decades).  

The section begins with an overview of changes to the reach, followed by a quantitative description of 

habitat at initial FSL, the predicted long-term habitat in terms of areas and types (based on modelled 

conditions at Year 30 post impoundment), and a  description of evolution of habitats in the reservoir at 

Years 1, 5, and 15. Both the initial FSL and Year 30 assessments have relatively strong certainty from 

observation of the Keeyask area and Stephens Lake, an adjacent reservoir roughly 30 years after 

impoundment. The evolution of habitat conditions at the intermediate time steps is a less certain process, 

based on interpretation of the effects of physical factors (PE SV, Section 4, Section 6, and Section 7) on 

habitat development over an intervening time period (Years 1, 5, and 15). 

Changes in habitat between existing and post-Project conditions are described based on 95th percentile 

flows, which represent the maximum extent of aquatic habitat and thus form a useful basis for 

comparison. Post-Project water levels will be maintained in the range of 158–159 m ASL by operation of 

the GS, and effects on water surface elevation due to inflows are only experienced in the upper riverine 

section. 

3.4.2.2.1 Overview 

At the time of initial FSL the main effects of the Keeyask GS upstream of the station will be:  

 A loss of rapids (i.e., white water habitat);  
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 An alteration of riverine habitat (at the upper end of the reservoir);  

 A conversion of riverine aquatic habitat to reservoir habitat (at the lower end of the reservoir); and  

 Creation of flooded terrestrial habitat.  

As the reservoir ages, the altered habitat is predicted to change in both area and composition. For 

example, the flooded terrestrial habitat that will be widely abundant at the initial FSL will change to 

several types of reservoir habitat over time. Substrate distribution within the reservoir will be determined 

mainly by the distribution and magnitude of water movements, available bed materials, and pre-flood 

land cover. The long term patterns of habitat in the reservoir will not be readily distinguished until 

peatland and mineral erosion processes slow to near background levels (PE SV, Section 6; described 

below). The lower reservoir is expected to become mainly a depositional environment, given that this 

area has the greatest increase in depth and decrease in velocity, with a resulting relatively large proportion 

of lentic habitat.  

Overall, the reservoir will approximately double the volume of water that is currently within the existing 

river and lake. The decrease in velocity will increase the travel time for water flowing in the mainstem 

from 10 to 20 hours in the existing environment to approximately 15 to 30 hours post-Project (PE SV, 

Section 4.4.2.2). Water residence times in newly formed bays of the reservoir will vary and be up to one 

month, though times would be longer in the shallowest areas furthest from the mainstem (PE SV, 

Section 4.4.2.2).  

3.4.2.2.2 Aquatic Habitat at Initial Full Supply Level 

The open water area of the reservoir at initial FSL will increase by approximately 45 km2 (Map 3-25), as 

defined by the HZI of the Project, resulting in a reservoir surface area of 93 km2 (under a 50th percentile 

inflow; PE SV, Section 4.4.2.2). The resulting amount of flooded area does not include any lakes or rivers 

that will be flooded and incorporated within the reservoir (PE SV, Section 4.4.2.2). The HZI above the 

GS extends to the upstream end of Reach 2B and is controlled by dykes, local topography, backwater 

effects from the principal structures, and inflows (Map 3-26).  

At the time of initial FSL, the reservoir will contain flooded aquatic habitat and flooded terrestrial habitat. 

The amount of aquatic habitat that is altered or flooded at initial FSL is summarized in Table 3-7. The 

main changes at this time will be increases in depth, establishment of a new IEZ based on daily and 

weekly rather than seasonal water level variation, decrease in velocity, loss of white water habitat, and the 

formation of different lentic and lotic habitats within the reservoir.  

Increases in water depth resulting from flooding (Map 3-27) range, on average, from 0.28 m in reach 2B 

to 10.1 m in Reach 9A (Table 3-8). In general, within the existing channel, most of the reservoir will 

increase in depth by less than 6 m and most flooded areas will be less than 4 m deep. Changes in the 

depth of flooding in the downriver direction are most notable at Birthday Rapids and Gull Rapids. The 

average depth of increase immediately above Birthday Rapids in Reach 3 is 0.46 m, which is relatively 

small compared to that farther downstream in Reach 4 where water depths will increase about 2.3 m. 

Most of the main thalweg in Reach 6 will be about 20 m deep (Map 3-28). Depths in the main thalweg 

north of Caribou Island will range from 16−17 m. Downriver in Reach 9A, Gull Rapids, the average 
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depth of flooding is about 10 m, or about 4 m greater than Reach 8. Reach 9A, however, has a diverse 

topography. Increase in water depth can be as little as 3 m where islands today rise above Gull Rapids, or 

31 m where the intake channels to the turbines would be excavated (Map 3-27). A detailed description of 

changes to water depths, water levels, and water level fluctuations as a result of the Project is provided in 

PE SV, Section 4.4. 

The range in the IEZ before the Project (IEZee) and after the Project (IEZpp) for the study reaches are 

found in Table 3-8. The depth of the IEZpp will be slightly larger than the IEZee above Birthday Rapids, 

but will be smaller below. The range of the IEZpp will continue to have a pattern similar to that of the 

IEZee, where stage variation in the riverine section (Reaches 2B–5) exceeds that of the more open reaches 

downriver likely due to the confines of the river channel. The IEZpp, and Deep/Shallow zones (i.e., IEZ 

and Predominantly Wetted zones) are shown in Map 3-29.  

The frequency of water level changes will be altered under the Project (PE SV, Section 4.4.2.2). Under 

the base loaded scenario, the one day and seven day water level variation during open water will remain at 

0. However, under the Peaking mode of operation, one day water level variations could be as large as 

0.8–1.0 m at Gull Lake, diminishing to 0.4 m upstream of Birthday Rapids. Over seven days, water levels 

in Gull Lake would vary up to 1 m, reducing slightly to a variation of 0.9 m downstream of Birthday 

Rapids.  

A detailed description of changes to water velocities as a result of the Project is provided in PE SV, 

Section 4.4, the maps of which have been reproduced, in part, here. Post-Project decreases in velocity are 

greatest in the riverine reaches 2B to 5 and 9A, and least in 6, 7, and 8 (i.e., lacustrine reaches in Gull 

Lake) (Map 3-30). Depth average model results show that most of the flooded area will be lentic habitat. 

Post-Project differences in water velocity modelled between high and low flows appear relatively small 

between Birthday Rapids and the upstream extent of hydraulic influence, but farther downriver the 

velocities in reaches 5 and 6 decrease notably under low flows (Map 3-31and Map 3-32). Under 

5th percentile inflows and a 158 m reservoir stage, models suggest that low velocity habitat will be found 

farther upstream in the main channel, near the upstream boundary of Reach 5 (Map 3-32). In the lower 

reservoir, the currents of the thalweg, which follow the original river channel closely, decrease more and 

alternate between low velocity and standing water habitat. Under 95th percentile flows and a 159 m 

reservoir stage, the riverine reach consistently maintains a moderate velocity, and low velocity flows are 

maintained throughout the original river channel, except for north of Caribou Island (Map 3-31). White 

water habitat will remain in Long Rapids. 

During the winter, the reservoir is expected to form a thermal ice cover, and the large effects of ice dams 

on water velocity currently observed are not expected to occur (PE SV, Section 4.4.2.4). 

Changes in substrate composition and pattern in flooded aquatic habitat at initial FSL will be limited 

given erosion and sedimentation processes will have had insufficient time to erode and transport 

materials into the river. Substrate composition, therefore, will be similar to the pre-flood condition, with 

the exception that flooded terrestrial bottom type would also be present. 

Virtually all existing potential macrophyte habitat above the GS will be lost due to increases in water 

depth, although some small patches of potential habitat may persist in small bays in Reach 2B or 3. 
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Above the GS, flooding will create backwater inlet habitat in the lower reaches of Portage Creek and Two 

Goose Creek (Map 3-33) thereby inundating 0.91 ha of creek habitat. Flooding will result in a loss of 

about 15.5% (0.8 ha) of Portage Creek and 31% (0.92 ha) of Two Goose Creek (Table 3-9). 

3.4.2.2.3 Aquatic Habitat at Year 30 

At Year 30, reservoir expansion will have increased the reservoir area to about 99.8 km2, an increase of  

7–8 km2 due to mineral bank erosion and shore peat breakdown (PE SV, Section 6.4.2.1, see Map 6.4-6 

and Map 6.4-7). Shoreline erosion, peatland resurfacing and transport, and sedimentation processes will 

remain active in some areas, but are at rates that are much slower than in the first 15 years of the 

reservoirs history (PE SV, Section 6.4.2.1). The physical environment modelling studies and the aquatic 

environment observations on Stephens Lake collectively suggest that the exposed nearshore areas of a 

reservoir in the study area at Year 30 will be mostly mineral, whereas sheltered bays retain more of their 

pre-flood peatland characteristics. Less wave energy is available in flooded bays, and when compared to 

the main basin of the reservoir, the slope of bays is minimal and the peat deposits tend to be larger and 

deeper. The inherent character of peatland bays infers that they are less able to shift to a mineral 

nearshore area over time. For the Keeyask reservoir, the physical environment studies estimate that 

mineral-based shorelines are expected to increase from 28% to 69% of the total shoreline length over 

30 years. This transition from mainly peat-based substrates, which do not support rooted plants, to 

nearshore slopes that develop from mineral soils due to erosion and resurfacing of peat is important as it 

helps develop potential macrophyte habitat over time. Water velocities and water depths at Year 30 will 

essentially be the same as following the initial FSL, with the exception of changes in very shallow water 

due to shoreline recession, peatland resurfacing, and development of nearshore slopes that will slightly 

increase the amount of lentic habitat around the perimeter of the reservoir.  

The results of substrate modelling for the Keeyask reservoir at Year 30 are provided in Appendix 3B. 

The pattern of substrate deposition in the reservoir is similar when 95th and 5th percentile inflow 

scenarios are compared, although some differences are apparent. The 95th percentile inflow model results 

suggest that the silt sediment boundary would occur up to about 1 km farther downstream in Reach 6, at 

the entrance to present day Gull Lake, when compared to the 5th percentile inflows. A few small areas 

that are depositional under 95th percentile inflows will not be under 5th percentile flows. These non-

depositional sites under low flows tend to be shallow where flows would be constrained, such as near the 

boundary of reaches 6 and 7 at narrows found between islands, and in shallow areas within present day 

Gull Rapids.  

Soil erosion studies indicate the river banks will erode (PE SV, Section 6.3.1.2.2), including the riverine 

reaches 4 and 5 below Birthday Rapids. The altered state of the banks is expected to be sandy/clay given 

the deposits are mainly glacial till, with local occurrences of glaciofluvial or glaciolacustrine sediments. 

Nearshore sedimentation studies suggest however that the mineral sediments eroded from these banks 

will not be transported downriver, so deposition of gravel and sand at the entrance to Gull Lake is not 

expected (PE SV, Section 7). The PE studies of the existing environment demonstrated limited bed load 

movement from upstream (PE SV 7.3.1.2); this is expected to continue in the future with the Project;  
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The combined results of the terrestrial soil studies (TE SV, Section 2.3.4.2), peatland and mineral erosion 

studies (PE SV, Section 5 and Section 6), sedimentation studies (PE SV, Section 7) and the reservoir 

habitat models (Map 3-34 and Appendices 3B and 3C) suggest:  

 The bottom of the thalweg in the riverine section (reaches 2B–5) of the reservoir is expected to 

remain free of silt. The thalweg of reaches 2B–5 expected to maintain a bed composition similar to 

that of the existing environment; 

 Most of the lower reservoir (reaches 6–9A) will become depositional with silt sediments, except for 

some of the main thalweg areas where velocity, depth, exposure, and slope are sufficient to keep the 

substrate silt-free with a substrate composition similar to today;  

 Shallow water substrate type depends strongly on the pre-flood soils (Appendix 3C). In open areas of 

the reservoir, clay substrata forms from pre-flood mineral soils or from thin peat veneers overlying 

mineral deposits, often in glaciolacustrine deposits. The substrate in other shallow habitat is 

inundated fibrous or humic peat where pre-flood peatlands are large and relatively deep; 

 Deposits of fine organic material will accumulate in lentic habitat at the ends of bays fed by local 

peatland streams in reaches 5–7(Appendix 3C); and 

 Potential macrophyte habitat may develop in many nearshore areas of the reservoir. Areas of thin 

peat, which is a common soil type within the bounds of the future reservoir (PE SV 5.3.3.2), will 

resurface or erode and expose mineral-based soils (Appendix 3C). Once relatively stable, nearshore 

processes (i.e., waves and water level variation) will wash the clay and aggregate lag and keep some or 

the entire photic zone on the nearshore slope silt free. Potential macrophyte habitat may even 

develop at the ends of sheltered bays where peat accumulation was relatively thick, after peat has 

floated away and local water masses prevent silt from the main reservoir to deposit (Appendix 3C).  

The availability of potential and suitable macrophyte habitat in the proposed reservoir (reaches 2B–9A) 

varies by mode of operation. Under a base loaded mode of operation scenario, when the Keeyask GS 

operates at 159 m ASL continuously, the amount of habitat that is suitable is equal to the potential (i.e., all 

potential habitat is permanently wetted). Conversely, under a peaking mode of operation, the area of 

suitable habitat is expected to be less than the potential due to dewatering from daily and weekly draw 

down. 

For the Base loaded mode of operation at the 95th percentile and 159 m ASL reservoir stage, the area of 

potential macrophyte habitat in the reservoir is estimated to be 1,878.1 ha (Map 3-35), or 1.6 times more 

than the 1,197 ha of potential macrophyte habitat present in reaches 2A–9A in the existing environment. 

For the peaking mode of operation, the area of suitable macrophyte habitat (i.e., assuming half of the 

post-Project IEZ is suitable), is 1,396 ha or about 26% less than the Base loaded mode of operation. The 

suitable macrophyte habitat of the peaking mode of operation is about 1.2 times more than exists in the 

same area under present day conditions. 

The actual area occupied by plants in the reservoir may range widely in space and time, given that 

Keeyask environmental studies have shown the area of potential habitat actually occupied varied from a 

low of 11.5% at Stephens Lake (regulated reservoir) to a maximum of 31% in the unregulated river/lake 
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environment of the Keeyask area (Table 3-4). At present, it remains uncertain if the range of habitat 

occupied by macrophytes arises from intrinsic differences between habitats in a reservoir and large river, 

or if the area occupied by macrophytes is attributable to incomplete colonization of the potential habitat 

available in Stephens Lake. In addition, the Stephens Lake reservoir experienced high water conditions 

during the Keeyask environmental studies, which may suggest plants could have been depth (i.e., light) 

limited and so had lower areas of occupation. Consequently, as a highly conservative approach, it was 

assumed that 10% of the potential habitat at Year 30 would be occupied by rooted macrophytes. 

Estimates suggest that the area occupied by rooted macrophytes at Year 30 is 187.8 ha under Base loaded 

mode of operation or 139.6 ha for peaking. When compared to the average area occupied in reaches 2B–

9A (i.e., 208 ha) in the existing environment, this equates to a loss of 10.7% under a Base loaded scenario 

or 48.9% under peaking.  

3.4.2.2.4 Evolution of the Reservoir - Year 1 to Year 15 

The physical processes responsible for the development and maintenance of aquatic habitat in the 

Keeyask area after the Project are expected to slow to levels at or near those expected without the Project 

before or by Year 15 (PE SV, Section 6.4.2, Section 6.4.4, and Section 7.4.2). These studies suggest: 1) 

that rates of shoreline erosion are expected to stabilize at rates similar to those of the existing 

environment by about Year 15; 2) like the rate of shoreline erosion, the rates of mineral deposition will be 

greatest at Year 1 and generally decrease thereafter; and 3) the peatland disintegration models suggest that 

most of the flooded peatland dynamics, which are unique to the post-Project, have occurred by Year 15.  

When compared to the Peaking Mode of operation, the Base loaded scenario generates a slightly higher 

rate of mineral erosion, and rate of mineral deposition (PE SV, Section 6.4.2.1 and Section 7.4.2.1). The 

mode of operation is not expected to change the amount of peat resurfacing or rate of disintegration, or 

movement of floating peat (PE SV, Section 6.4.2.1).  

The results of total suspended solids, dissolved oxygen, and organic sediment models by the physical 

environment studies are described in Section 2 of this volume and in the PE SV, Section 7 and Section 9. 

A detailed examination of the differences between Base loaded and Peaking operations is provided in the 

PE SV, Section 4.4.2.2. 

3.4.2.2.5 Development of Reservoir Habitat 

The Keeyask environmental studies suggest that the reservoir habitat may begin to approach a more 

stable state by Year 15 given that the physical processes that force the composition and distribution of 

habitat (including water depth and velocity regimes established at initial FSL) have slowed appreciably. 

Accordingly, the main habitat patterns that are well established at Year 30 are expected to be evident by 

Year 15. Although erosion, transport, and deposition are expected to continue in the reservoir after Year 

15, the rates of change within the habitats established are expected to be relatively low and/or episodic 

over smaller areas. In all but the highly exposed areas such small increments of change are not expected 

to alter the type of reservoir habitat developed by Year 15 but more heterogeneity would be evident (i.e., 

arising from remnants of flooded terrestrial and shore erosion) than in Year 30. Further, the ability of the 

reservoir to form habitat boundaries (i.e., those that define the edges of habitat types like rock, sand, or 

silt) is in part dependent on the available hydraulic energy. As such, substrate habitat boundaries that 
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form in Deep Water due to the pattern of lentic/lotic habitat are more likely to be evident earlier in the 

reservoir than shallow habitat, which, due to erosion, is relatively unstable for longer periods of time. 

Deep Water habitat boundaries, such as the superimposition of silt on the existing riverbed, could 

probably be observed by Year 5. In Shallow and Lentic habitat, the habitat boundaries that form in back 

bays would be at a slower rate than those that form in the main body of the reservoir where wave energy 

is higher, but could stabilize earlier than highly exposed sites.  

Year 1 

As described in detail in the PE SV, the physical changes from the state at initial FSL are mainly: 1) the 

ongoing peat resurfacing and transport, 2) mineral and peat erosion, 3) mineral sediment deposition in 

shallow water and silt sediment begins to deposit in many areas of the lower reservoir.  

One year after flooding the reservoir substrate is expected to be heterogeneous and composed of flooded 

terrestrial habitat, flooded aquatic habitat, and early signs of newly formed substrate that will eventually 

be predominant at Year 30. The area of flooded terrestrial habitat (i.e., where substrate is still the same as 

at initial FSL) is expected to decrease relative to initial FSL; many areas of the lower reservoir will be 

heterogeneous and composed of pre-flood and post-flood materials. The distribution of post-flood 

materials is expected to be discontinuous and under-developed due to the limited time the reservoir has 

had to segregate water masses, move materials that have been mobilized since flooding, and the available 

bottom types. Floating peat islands will be readily apparent and mobile on the surface of the reservoir 

(PE SV, Appendix 6D). Differences in the rate of peatland and mineral shore erosion around the 

perimeter of the reservoir (PE SV, Section 6.4.2.1) suggest differences in the rate of reservoir habitat 

evolution may be apparent. The shallow flooded terrestrial areas in the south Shallow Water area of 

Reach 6 are expected to have the highest rates of shore erosion and deposition at Year 1 (PE SV, Section 

7.4.2.1).  

The post-Project distribution of aquatic habitat types within each water elevation zone (MOL=158 m 

ASL, FSL=159 m ASL, and the IEZ) that are expected to develop by Year 1 are shown in Appendix 3D 

(Table 3D-1). These predicted habitat distributions were used in the lower trophic level and fish 

community assessments (Section 4 to Section 6).  

Local tributaries that enter at the ends of bays will have pooled tea-colour peatland water at the end of 

the bays; the visible contrast to that of the turbid water of the main reservoir will remain a long-term 

characteristic of the reservoir (Appendix 3B). The location where the peatland water mass meets the 

more turbid water of the reservoir will influence the long-term position of organic and silt habitat 

boundaries evident at Year 30 (Appendix 3B). The flooded terrestrial bays will have markedly different 

water quality characteristics and are expected to show large seasonal changes in oxygen (Section 2).  

Year 5 

At Year 5, the area of substrate comprised of post-flood materials is expected to increase while the area 

of flooded terrestrial habitat will decrease. Sedimentation analyses indicate erosion and sedimentation 

processes in the reservoir remain active at five years post-flooding (PE SV, Section 6.4.2.1 and 

Section 7.4.2.1). Sedimentation analysis indicates rates of sediment deposition of 0−1 cm/year in 
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offshore areas (PE SV, Section 7.4.4). Mineral sediment, primarily in the form of silt, is expected to cover 

much of the flooded aquatic habitat and flooded terrestrial habitat, except where water velocity, surface 

wave energy, or slope of the substrate is sufficient to prevent deposition (Appendix 3B).  

Erosion of thin peatlands in exposed areas of shallow water of the lower reservoir is expected to expose 

the underlying mineral soils (PE SV, Section 6.4.2.1). Aquatic studies of Stephens Lake also show that, 

over time, a clay-based substrate will form from pre-flood topography that is mineral or thin peat from 

which potential macrophyte habitat will begin to develop (Appendix 3B). Occupation of the potential 

plant habitat by rooted macrophytes could occur but would probably be infrequent and, in general, not a 

widely visible aspect of the reservoir. According to the results of erosion and sedimentation studies 

(PE SV, Section 6.4.2.1), the habitat adjacent to the southern shoreline area of Reach 7 and in Reach 9 

would likely be the most unstable Shallow habitat in the reservoir. 

Ends of back bays fed by peatland streams will lack silt sediment originating from the turbid waters of 

the main reservoir (Appendix 3B) and will resemble flooded terrestrial habitat. Peat resurfacing and 

transport away from the bays appears to be slower when compared to the main body of the reservoir 

(Larter 2010). At Year 5 peat is likely to be a readily visible characteristic of back bays in the reservoir; 

floating and mobile peat is estimated to be greatest at Year 5 (PE SV, Appendix 6D). The greatest 

accumulation of floating peat is expected in the southern bays of the lower reservoir (PE SV, Section 

7.4.4). Some of this mobile peat could anchor on shores and superimpose existing reservoir habitat. This 

would constitute a small and short-term loss of habitat that is not expected to influence biota.  

The boundaries of post-flood substrate materials in deep water, (i.e., substrates of silt and other harder 

bottom types) could evident by Year 5 in lentic habitat given that silt sedimentation is the dominant 

open-water process but, as described in later time steps, is discontinuous in the Lotic areas of the lower 

reservoir.  

The post-Project distribution of aquatic habitat types within each water elevation zone (MOL=158 m 

ASL, FSL=159 m ASL, and the IEZ) that are expected to develop by Year 5 are shown in Appendix 3D 

(Table 3D-1). These predicted habitat distributions were used in the lower trophic level and fish 

community assessments (Section 4 to Section 6).  

Year 15 

The main habitat patterns that are evident and well established at Year 30 (described in previous section) 

are expected to be present at Year 15. When compared to the reservoir habitat at Years 1 and 5, relatively 

stable shallow water habitats will have developed given that peatland disintegration, mineral erosion and 

mineral sedimentation processes are expected to have slowed markedly (PE SV, Section 6.4.2.1 and 

Section 7.4.2.1). It is anticipated that the areas of post-flood substrate materials at Year 15 would be 

somewhat less than at Year 30 as some heterogeneity would persist given that some remnant flooded 

terrestrial habitat would remain but the segregation of distinct reservoir habitats (Appendix 3B) would be 

recognizable.  

Some of the potential macrophyte habitat available at Year 30 would be present at Year 15 but 

heterogeneity would be expected due to remnants of flooded terrestrial habitat and occasional changes in 

quality of some of that habitat due to ongoing erosion. A predominantly clay-based substrate with some 
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aggregate lag will begin to be widely available in the lower reservoir in Shallow Water within the zone of 

wave action (Appendix 3B); this is expected to form the primary habitat for the rooted macrophyte 

Potamogeton richardsonii. Some of the potential macrophyte habitat found at the ends of back bays also will 

have developed. By Year 15, much of the fibrous surface layers of the resurfaced peat will have 

resurfaced and transported away (PE SV, Section 7) which creates and enables fine organic deposition to 

form (Appendix 3B). The ends of sheltered bays with fine organic deposition are expected to form some 

of the habitat for the rooted macrophyte Myriophyllum sibiricum.  

The Deep Water habitat patterns of silt deposition are expected to be quite similar to modelled estimates 

of Year 30 (described in previous section). Unlike the development of Shallow Habitat, which in most 

areas of the reservoir responds mainly to the intermittent effects wave action and water level cycling, the 

Deep Water habitat will arise from water depth and velocity regimes that will have acted continuously 

since initial FSL. Silt deposits, which will sediment at rates from 0–1 cm/year (PE SV 7.4.2.1) will form a 

continuous surface where deposition is expected at Year 30 (described in previous section), but at 

Year 15 the deposits will be thinner (PE SV 7.4.2.1). In reaches 2A–5 the velocity of the thalweg will be 

sufficient to maintain the bottom type observed in the studies of the existing environment. A substrate 

material size gradient is not expected where riverine flows leave Reach 5 and enter Reach 6 upstream of 

the zone of deep water silt deposition based on sediment transport analysis that suggest negligible 

amounts of sand and gravel material will be transported from the flooded banks upstream in the flooded 

riverine reaches (PE SV, Section 7). This is unlike the material size gradient that appears to have formed 

4–5 km below Gull Rapids after Kettle GS was built (see Map 3-14). The area of the confluence of 

reaches 5 and 6 will be monitored after the Project to determine if sand and gravel transport and deposit 

in this area.  

The post-Project distribution of aquatic habitat types within each water elevation zone 

(MOL=158 m ASL, FSL=159 m ASL, and the IEZ) that are expected to develop by Year 15 are shown 

in Appendix 3D (Table 3D-1). These predicted habitat distributions were used in the lower trophic level 

and fish community assessments (Section 4 to Section 6).  

3.4.2.3 Downstream of the Keeyask Generating Station 

3.4.2.3.1 Aquatic Habitat at Impoundment 

Mainstem Habitat 

Construction of the Keeyask GS will change or eliminate all aquatic habitat in Gull Rapids as it exists 

today. The upstream section of the rapids will become a part of the reservoir, while the middle and lower 

sections of the rapids will be covered with the structures of the GS, modified into the intake and tailrace 

channels, or dewatered. Under existing environment conditions, the majority of the flow passes through 

the south channel of Gull Rapids (PE SV, Section 4.4.2.3). Following construction of the Keeyask GS, 

the flow will be directed through the powerhouse on the northern part of the channel. When the spillway 

operates (approximately 12% of the time based on historical flow conditions) (PE SV, Section 4.4.2.2) the 

surface water levels are expected to be below existing conditions (PE SV, Section 4.4.2.3). When the 

spillway is not operational portions of the south channel of Gull Rapids will be dewatered (PE SV, 
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Section 4.4.2.3, see Map 4.4-11). The area of the spillway that will be dewatered when the spillway is 

closed is not well known, but a preliminary estimate is about 104 ha. As the spillway dewaters, some 

pools may form that remain isolated from the main flow of the Nelson River (Table 3-7) and may not 

provide overwintering habitat for fish (described in Section 5).  

Effects to the water regime downstream of the Keeyask GS are described in the PE SV, Section 4.4.2.3 

and Section 4.4.2.5. The water level downstream of the GS tailrace will be determined mainly by the level 

of Stephens Lake. There will be a drop in water level ranging from 0.1 to 0.2 m over a 3 km long reach 

between the powerhouse tailrace and Stephens Lake, depending on the magnitude of the GS discharge 

and the level of Stephens Lake. The magnitude of water level fluctuations within this 3 km long reach will 

depend on plant discharge, the amount of cycling at the Keeyask GS, and Stephens Lake water level 

fluctuations. Stephens Lake water levels will not be affected by operation of the Keeyask GS. The 

maximum water level changes in this reach due to cycling at the station are expected to be less than 0.1 m 

(PE SV, Table 4.4-3). However, during the open water season, in addition to the effect of cycling, this 

reach will continue to experience changes in water levels related to differences in inflow and regulation 

on Stephens Lake. This will result in an overall range in the order of 2 m, with daily and weekly water 

level fluctuations in the order of 0.3 m and 1 m, respectively. During winter, changes in water level due to 

lack of formation of an ice dam, and the formation of new channels will no longer occur (e.g. the channel 

that connects the Nelson River to Pond 13).  

The downstream HZI of the project in the open water season is within 3 km of the GS, where changes in 

the path and magnitude of flows are expected (PE SV Section 4.4.2.3). It can be shown that differences 

in modelled velocity before and after the Project downstream of the HZI but upstream of the silt 

boundary in the flooded channel (i.e., 3–5 km below the GS) is within the range of the existing 

environment. Below the GS, under 95th percentile inflows to the reservoir, spill occurs and the velocities 

are high for the first 1 km below the tailrace, which then decrease to moderate for the next 2 km and 

then are low out into Stephens Lake (Map 3-31). Under 5th percentile inflows to the reservoir, the tailrace 

velocities are moderate for about the first 1.5 km and decrease from low to standing about 3 km 

downriver (Map 3-32). Differences in modelled water velocity between the existing environment and 

post-Project at 95th percentile inflows (Map 3-30) show that water velocities after the Project will increase 

in the powerhouse tailrace area and then route along the south bank, which is a pattern that is the reverse 

of the existing environment (See Map 3-8). The pattern of water movements is similar for the 

5th percentile inflows (Map 3-32), although spill does not occur. The shift of flows to the south half of 

the channel after the Project increases the area of lentic habitat along the north bank (compare Map 3-8 

and Map 3-31). The ice cover that forms below the GS will resemble a thermal ice cover similar to what 

currently occurs on Stephens Lake downriver of the Keeyask area (PE SV, Section 4.4.2.5), although 

small ice free areas will form immediately downstream of the tailrace. Ice dams will no longer form  

3–5 km below the GS, and the thermal ice cover will greatly reduce winter erosion in this area (PE SV, 

Section 6.4.2.2).  

As discussed in Section 3.4.1.5, construction activities are expected to result in the deposition of a layer 

of sediment estimated to be up to 0.6 cm thick near the inflow of the river to Stephens Lake, and then 

diminish to 0.1 cm towards the Kettle GS.  
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Gull Rapids Creek 

In the existing environment, Gull Rapids Creek flows into the south bank of the Nelson River, 

approximately 1 km upstream of the base of Gull Rapids. Gull Rapids Creek has a limited amount of 

well-developed hydraulic habitat. The lotic creek habitat that is available (0.01 ha) is found within the IEZ 

of the mainstem of the Nelson River in the existing environment. Riffle habitat (3 m2) was observed only 

at one location in the IEZ. These riffles may be inundated, flowing, or exposed depending on changes in 

water surface level of the Nelson River and flows from the creek.  

Following construction of the GS, Gull Rapids Creek will flow into the portion of the South Channel of 

Gull Rapids that will be dewatered. After the Project, the lower reaches of the creek will no longer 

experience intermittent flooding. Although Gull Rapids Creek itself will experience little effect, habitat 

within Gull Rapids Creek will become isolated from that of the Nelson River. 

3.4.2.3.2 Aquatic Habitat at Year 30 

The substrate in lentic habitat along the north bank may become depositional  within 2 km of the 

Keeyask GS over time, based on the availability of lentic habitat (Map 3-31), and the loss of the hanging 

ice dam (PE SV, Section 4.4.2.4). This lentic habitat will be slightly larger after the Project due to a shift 

in the path of current, but will be found in the same general area as before the Project (Map 3-32). In the 

existing environment, this lentic habitat did not have a depositional substrate; this was unlike the other 

lentic habitat observed upstream of Gull Rapids (compare Map 3-8 and Map 3-14). It is currently thought 

that the hydraulic diversity created by the ice dam in winter, may have prevented this lentic area from 

being a site of net deposition. Consequently, the decrease of hydraulic diversity under a thermal ice cover 

after the Project could enable the lentic habitat to be more like that observed above Gull Rapids in the 

existing environment, and become depositional. Although the available data suggest this lentic habitat will 

develop a silt substrate over time, which has been the assumed state for all fish habitat analyses later in 

the EIS (Section 4 to Section 6), the rate of deposition or the resultant area of the persistent silt deposit is 

not certain. This area will be monitored after the project. 

As noted above, construction is expected to result in the deposition of a thin layer of sediment in the 

mainstem portion of Stephens Lake; this will persist in the operation period. These sediments, however, 

are expected to be re-distributed according to particle size after high flow events (i.e., sand and gravel will 

sort by size similar to the pattern observed in the existing environment). 

3.4.2.4 North and South Access Roads Area 

Loss of habitat due to the placement of the culvert and alteration due to the placement of riprap in the 

smaller streams will continue through the operating period. No incremental effects related to sediment 

inputs from erosion are expected due to the application of erosion control measures. No effects to 

habitat in Looking Back Creek are expected.  
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3.4.3 Residual Effects 

3.4.3.1 Construction Period 

Residual effects of construction of the Project on aquatic habitat are summarized in Table 3-10.  

Key residual effects of construction are: 

 Installation of instream structures such as cofferdams will change water levels and flows within and 

upstream of Gull Rapids, resulting in the loss of habitat in the north and middle channels of Gull 

Rapids in Stage I of construction and loss of remaining habitat in the south channel in Stage II; and 

 A thin layer of sediment will deposit in the river and Stephens Lake, but no change in substrate 

composition will occur. 

3.4.3.2 Operation Period 

Residual effects of operation of the Project on aquatic habitat are summarized in Table 3-11. 

Key residual effects of operation are: 

 Conversion of river/lake environment to reservoir in an approximately 40 km (25 mile) long reach 

between the outlet of Clark Lake and Gull Rapids, with associated changes in depth, velocity and 

substrate; 

 Loss of white water habitat in Birthday Rapids; 

 Loss of existing littoral habitat, including areas of macrophyte beds; 

 Loss of tributary habitat; 

 Deposition of silt over existing sand and hard substrates in deep areas of Gull Lake; 

 Creation of new aquatic habitat through the flooding of terrestrial areas; 

 A reduction in the range of water level changes in the reservoir but an increase in the frequency; 

 At the GS, Gull Rapids will be eliminated and approximately 111.8 ha of riverbed will be dewatered 

or included in the footprint of the GS structures;  

 Changes in water levels and flows and minor changes to substrate will occur in the river reach 

downstream of the GS; and  

 A reduction in ice scour and disturbance of aquatic habitat by ice upstream and downstream of the 

GS.  
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3.4.3.3 Summary of Residual Effects 

Considering construction and operation, effects to aquatic habitat will be large and long-term, over a 

medium geographic extent. These residual effects to aquatic habitat will be continuous and irreversible 

during the lifespan of the Project, and are found in Table 3-10 and Table 3-11.  

The technical aquatic habitat assessment is based on models, scientific literature, and information 

collected from a proxy reservoir (i.e., Stephens Lake) and the overall certainty associated with the 

predictions is moderate to high depending on the habitat characteristic.  

3.4.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Keeyask Generation Project: Response to EIS Guidelines, 

Environmental Monitoring Plans are being developed as part of the Environmental Protection Program 

for the Project. The intent of the monitoring plans is to determine whether effects of the Project are as 

predicted and mitigation measures are functioning as intended. The monitoring plans will also provide for 

follow-up actions if effects are greater than predicted; the actions that would be taken depend on the 

nature and magnitude of the effect. The design of the monitoring plans will also consider uncertainties 

identified during the analysis and/or raised by the KCNs or during the regulatory review process. For 

example, the technical analysis predicts that effects to water quality will occur within the reservoir and 

downstream but that no effects will occur upstream in Split Lake; based on local knowledge, the KCNs 

have identified effects to Split Lake and therefore, Split Lake is being included in the monitoring 

program.  

An outline of monitoring planned for the aquatic habitat component of the aquatic environment is 

provided below. A detailed monitoring plan will be provided in the Aquatic Effects Monitoring Plan. 

This document will provide a detailed description of the rationale, schedule, sampling locations and 

sampling methods for the technical monitoring that is proposed for the Project. This plan will be 

implemented in consultation with regulators, in particular Fisheries and Oceans Canada and Manitoba 

Conservation and Water Stewardship, and it is expected that it will change based on regulatory review 

and on-going review of monitoring results. This monitoring plan will be implemented during the 

construction phase of the Project, and will continue into the operation phase. Reports detailing the 

outcomes of monitoring programs will be prepared and submitted to regulators, to meet conditions of 

the Environment Act licence and other authorizations for the Project.  

Aquatic habitat monitoring will be conducted to verify modelled predictions for post-Project habitat, 

which includes development of nearshore and rooted macrophyte habitat in shallow water, as well as the 

patterns of substrate in deep water that include key habitat for fish VEC species. Conditions at areas of 

constructed habitat, such as velocity, depth and substrate, will also be monitored in association with the 

PEMP to confirm the design characteristics are maintained over time. Monitoring will occur annually for 

the first three years after initial FSL, a three year interval from Year 5–15, and a three to five year interval 

from Year 15–30, depending on results. A detailed description of the aquatic habitat monitoring is 

provided in the AEMP. 
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Table 3-1A: Aquatic habitat classification of lentic water masses. A “lake” or “river” 

reach describes the predominant characteristic in an area 

Classification of Lentic Habitat 

Reach Water Habitat Water Level 
Substratum/Vegetation 

Type Movement Zone Zone 

“Lake” or 
“River” 

Lentic Backwater Inlet Intermittently 
Exposed 

Cobble/boulder 

 

 

Cobble/boulder/bedrock 

  Cobble/boulder/gravel 

   Gravel 

   Sand 

   Peat 

   
Silt/clay 

No plants 

   Rooted vascular 

   
Silt 

No plants 

   Rooted vascular 

  Shallow Intermittently 
Exposed 

Cobble/boulder 

   Cobble/boulder/bedrock 

    Cobble/boulder/gravel 

    Gravel 

    Sand 

    Peat 

    
Silt/clay 

No plants 

    Rooted vascular 

    
Silt 

No plants 

    Rooted vascular 

   Predominantly Cobble/boulder 

   Wetted Cobble/boulder/bedrock 

    Cobble/boulder/gravel 

    Gravel 

    Sand 

    Peat 

    
Silt/clay 

No plants 

    Rooted vascular 

    
Silt 

No plants 

    Rooted vascular 

  Deep Predominantly 
Wetted 

Cobble/boulder 

  

 

Cobble/boulder/bedrock 

   Cobble/boulder/gravel 

   Gravel 

   Sand 

   Peat 

 

 

 
Silt/clay 

No plants 

  Rooted vascular 

  
Silt 

No plants 

  Rooted vascular 
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Table 3-1B: Aquatic habitat classification of lotic water masses. A “lake” or “river” 

reach describes the predominant characteristic in an area 

Classification of Lotic Habitats 

Reach Water Habitat Water Level 
Substratum/Vegetation/Water Velocity 

Type Movement Zone Zone 

“Lake” or 
“River” 

Lotic Shallow Intermittently Cobble/boulder High, Moderate, Low 

  Exposed Cobble/boulder/bedrock High, Moderate, Low 

   Cobble/boulder/gravel High, Moderate, Low 

    Gravel  High, Moderate, Low 

    Sand  Moderate, Low 

    
Silt/clay 

No plants High, Moderate, Low 

    Rooted vascular High, Moderate, Low 

    
Silt 

No plants Low 

    Rooted vascular Low 

   Predominantly Cobble/boulder High, Moderate, Low 

   Wetted Cobble/boulder/bedrock High, Moderate, Low 

    Cobble/boulder/gravel High, Moderate, Low 

    Gravel  High, Moderate, Low 

    Sand  Moderate, Low 

    
Silt/clay 

No plants Low 

    Rooted vascular Low 

  Deep Predominantly Cobble/boulder High, Moderate, Low 

   Wetted Cobble/boulder/bedrock High, Moderate, Low 

    Cobble/boulder/gravel High, Moderate, Low 

    Gravel  High, Moderate, Low 

    Sand  Moderate, Low 

    
Silt/clay 

No plants High, Moderate, Low 

    Rooted vascular High, Moderate, Low 
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Table 3-2: Wentworth aggregate material size classification showing the simplified 

classification of aggregate materials derived for the Keeyask EIS. Note 

that the substrate is often mixed and habitat classes may contain more 

than one substrate type (e.g., silt/clay) 

Size range Wentworth Aggregate Keeyask Aggregate 

(metric) Class Name Class Name 

> 256 mm Boulder Boulder 

64–256 mm Cobble Cobble 

32–64 mm Very coarse gravel 

Gravel 

16–32 mm Coarse gravel 

8–16 mm Medium gravel 

4–8 mm Fine gravel 

2–4 mm Very fine gravel 

1–2 mm Very coarse sand 

Sand 

0.5–1 mm Coarse sand 

0.25–0.5 mm Medium sand 

125–250 µm Fine sand 

62.5–125 µm Very fine sand 

3.90625–62.5 µm Silt Silt 

< 3.90625 µm Clay 
Clay 

< 1 µm Colloid 
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Table 3-3: Average area, total area, and count of the macrophyte stands observed in reaches 5–8 during sampling in 

2001, 2003, and 2006 

Macrophyte Sample Year Average Area (Ha) Total Area (Ha) Count 

2001 3.4 359.0 105 

2003 11.3 282.7 25 

2006 1.8 146.4 83 

 

Table 3-4: Area and percent statistics for each year of study that show the area occupied by macrophytes, the area of 

suitable habitat for macrophyte growth (in the same year), and the potential area of suitable habitat (among 

years) for reaches 5–8 

Year 
Area Area of Suitable Habitat Potential Habitat Potential Habitat 

Occupied (Ha) Suitable Habitat (Ha) Occupied (%) (Ha) Occupied (%) 

2001 359.0 1075.0 33.4 1168.4 30.7 

2003 282.7 749.4 37.7 1168.4 24.2 

2006 146.4 1075.0 13.6 1168.4 12.5 
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Table 3-5: Frequency of substratum types sampled at each location where macrophytes were either present or absent in 

Stephens Lake during 2005 and 2006 

Species 

Substrate 

Detritus Gravel Of
1 Oh Om 

Organic 

Deposition 
Silt-based2 Clay-based3 Sand-based4 Total 

Absent 51 1 47 3 11 9 11 38 14 185 

Myriophyllum sibiricum 0 0 0 0 0 68 0 14 0 82 

Potamogeton richardsonii 2 0 0 0 0 27 2 161 11 203 

Other 1 0 0 0 0 20 1 24 8 54 

Total 54 1 47 3 11 124 14 237 33 524 

1. Of, Om, and Oh are organic material derived from pre-flood peatlands in a fibric, mesic, or humic state, respectively. 
2. Silt-based substrates are silt or primarily silt with a fraction of sand. 
3. Clay-based substrates are clay or primarily clay with a fraction of silt or sand. 
4. Sand-based substrates are sand or primarily sand with a fraction of silt. 

 

Table 3-6: Area of aquatic habitat alteration, temporary disruption, and loss for Stage I and Stage II of the construction 

period. Note that areas within each stage do not overlap. Units are hectares 

Stage Type Dewatered 
 

Infrastructure 

  

Total 

  Altered (permanently flooded) Temporary Disruption Loss 

 

Total Dewatered 

Stage 1 
Infrastructure 

 

  12.3 13.3 5.0 

 

30.6 

 Dewatered Area 100.9   

     

131.5 

Stage 2 
Infrastructure 

 

  11.2 11.4 6.6 

 

29.2 

 Dewatered Area 94.7 

      

123.9 
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Table 3-7: Area (hectares) of habitat altered, flooded, lost, and dewatered habitat for initial flooding time step according 

to the hydraulic zone of influence, as defined by 95th percentile inflows and 159 m ASL reservoir stage for the 

post-Project. The area that is dewatered in Reach 9B is not well known. Flooded area includes pre-flood water 

bodies 

Reach 2B 3 4 5 6 7 8 9 9B 10 11 12 Grand Total 

Altered habitat 198.1 268.5 307 750.4 1832.0 709.3 466.8 290.1 86.5 - 122.0 - 5030.7 

Flooded habitat 1.4 5.5 21.1 222.3 2308.6 675.6 752.4 462.9 - - - - 4449.8 

Loss of habitat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.4 - - - 10.4 

Dewatered habitat - - - - - - - - 101.4 - - - 101.4 

Total 199.5 274.0 328.1 972.7 4140.6 1384.9 1219.2 753.0 198.3 - 599.6 - 9592.3 

 

Table 3-8: Average depth (m) of the intermittently exposed zone (IEZ) for the existing environment (EE) and post-

Project (PP) and average depth of flooding (m) for Reaches 2B–12 in the Keeyask area, as defined by 95th 

percentile inflows and 159 m above sea level reservoir stage for the post-Project. The IEZ in Reach 9B is not 

known. The water level variation in reaches 11 and 12 is described in the PE SV, Section 4 

Reach 2B 3 4 5 6 7 8 9A 

IEZ EE 1.76 1.90 2.09 1.97 1.62 1.41 1.43 0.99 

IEZ Post-Project 1.84 1.92 1.57 1.25 1.07 1.04 1.04 1.01 

Depth of Flooding 0.28 0.46 2.32 3.96 5.49 5.89 5.84 10.08 
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Table 3-9: Affected area of Gull Rapids Creek, Portage Creek, and Two Goose Creek in 

the Keeyask area for the Post-Project. Note that the Backwater Inlet 

Habitat Type is the area of creek that was backwatered during a low water 

period in the Nelson River at time of survey. When the Nelson River is at 

high water, the Backwater Inlet occupies all of the Intermittently Exposed 

Zone (IEZ). EE = existing environment. PP = post project 

Stream Habitat Zone Habitat Type 
Affected 

Area (m2) 

% of 

Affected 

Creek 

Gull Rapids Creek EE IEZ Backwater Inlet 109.4 48.7 

  Riffle 2.9 1.3 

    Run 112.5 50.1 

  Total 224.8 100.0 

Portage Creek EE IEZ Backwater Inlet 1,808.7 20.7 

   Run 120.4 1.4 

 EE IEZ - PP IEZ Pool 2,029.4 23.2 

  Riffle 470.3 5.4 

   Run 3,650.3 41.8 

 PP IEZ Riffle 86.1 1.0 

    Run 569.9 6.5 

  Total 8,735.1 100.0 

Two Goose Creek EE IEZ Backwater Inlet 8,872.1 95.7 

   Pool 139.4 1.5 

 EE IEZ - PP IEZ Pool 114.7 1.2 

  Riffle 25.7 0.3 

   Run 98.7 1.1 

  PP IEZ Run 22.9 0.2 

  Total 9,273.4 100.0 

  Total Affected Area 18,233.4  
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Table 3-10: Residual effects on aquatic habitat: construction period 

Environmental Effect Mitigation/Enhancement Residual Effect 

Keeyask Area (including Reach 12 of 

Stephens Lake). 

Installation of instream structures such as 

cofferdams will change water levels and flows 

within and upstream of Gull Rapids, resulting 

in the loss of habitat in the north and middle 

channels of Gull Rapids in Stage I of 

construction and loss of remaining habitat in 

the south channel in Stage II. 

A thin layer of sediment will deposit in the 

river and Stephens Lake, but change in 

substrate composition is not expected to 

occur. 

 

 

 

Footprint of infrastructure 

and dewatering cannot be 

mitigated for habitat loss.  

 

 

 

Large magnitude, 

small extent, and 

medium-term for 

sediments. 

Long-term for 

permanent 

instream 

structures.  
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Table 3-11: Residual effects on aquatic habitat: operation period 

Environmental Effect Mitigation/Enhancement Residual Effect 

Split Lake Area 

No effect 

 

Project design to avoid 

water level effects to Split 

Lake. 

 

None 

 

Keeyask Area 

The riverine habitat from downstream of the outlet of Clark Lake to 

upstream of Birthday Rapids (reaches 2B–3) will be slightly altered due to 

a relatively small increase in depth, decrease in velocity, and localized 

areas of bank changes.  

The area from Birthday Rapids to Gull Lake (reaches 2B–5) will remain as 

riverine habitat but would be altered due to a notable increase in depth, 

decrease in velocity, a change from white water to turbulent habitat in the 

Birthday Rapids area, and changes in river bank composition. Lower 

reaches of creek habitat will be inundated.  

Flooding in the area of Gull Lake to Keeyask GS (Reaches 6–9A) incurs a 

loss of existing shallow habitats, creation of flooded terrestrial habitat, 

partial or complete flooding of creeks, flooding of most of Gull Rapids, and 

destruction of habitat at Gull Rapids located under principal GS structures. 

Over time, discontinuous deposits of silt will form on existing  

cobble/gravel/sand substrates in main river channel areas of Gull Lake. 

Continuous deposits of silt will settle and cover most flooded terrestrial 

areas; new littoral habitats will evolve in shallow water < 3 m water 

depth. Over time, rooted aquatic vegetation will establish in some shallow 

areas. 

 

 

Selection of 159 m reservoir 

elevation reduced 

proportion of newly flooded 

area in reservoir. 

Selection of a 1 m draw 

down range reduced the 

area of the IEZ. 

Habitat creation for fish, 

including lake sturgeon, is 

discussed in Section 5.0 and 

Section 6.0. 

 

Large, medium extent, 

and long-term effects for 

the reach as a whole, 

though effects are small 

above Birthday Rapids. 
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Table 3-11: Residual effects on aquatic habitat: operation period 

Environmental Effect Mitigation/Enhancement Residual Effect 

Within the reservoir, the total range of water level variation will be 

reduced to 1 m, reducing the depth range within the intermittently 

exposed zone (IEZ).  However, under a peaking scenario, the IEZ will be 

dewatered on a daily or weekly basis, in contrast to the existing 

environment, where changes in water level occur much more slowly. 

A more stable ice cover is expected to form which would decrease winter 

ice scour in shallow areas. 

Downstream of GS/Stephens Lake Area 

Gull Rapids downstream of the GS will be dewatered (south channel) or 

converted into a tailrace channel, eliminating these areas as productive 

fish habitat. Dewatering of Gull Rapids also removes a defined channel for 

Gull Rapids Creek to flow in, disconnecting the creek from the Nelson 

River. A portion of the south channel will be wetted during operation of 

the spillway, but this area is not expected to provide productive fish 

habitat. 

The distribution of water velocity within the 4 km of the river downstream 

of the station will be changed.  Further downstream into Stephens Lake, a 

thin layer of sediment deposited during the construction period will overlie 

some of the existing similar substrate. 

 

 

Habitat creation for fish, 

including lake sturgeon, is 

discussed in Section 5.0 and 

Section 6.0. 

 

Large, medium extent, 

and long-term effects. 
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Table 3-11: Residual effects on aquatic habitat: operation period 

Environmental Effect Mitigation/Enhancement Residual Effect 

An ice dam will no longer form at the inlet of Stephens Lake and the more 

stable ice cover is expected to reduce ice scour in shallow areas. In the 

absence of an ice dam, the distribution of water velocity under ice is 

expected to change. 

In the long term, the change in water velocity during winter may result in 

changes from predominantly coarser to finer substrates in some areas, 

including sections along the south and north river banks. Sediments 

deposited during construction are expected to be redistributed according 

to particle size after high flow events. 

 

  

North and south access road stream crossings 

There will be a loss of aquatic habitat within the footprint of the culvert(s) 

at the four streams where culvert crossings are installed. 

 

 

Use of clear span bridge on 

Looking Back Creek avoids 

effects to instream habitat; 

placement of culverts as per 

Manitoba Stream Crossing 

Guidelines to avoid changes 

to upstream and 

downstream stream 

channels. 

 

Large, small extent, 

long-term site specific at 

culverts. Negligible 

effect to habitat in 

stream as a whole. 
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Figure 3-1: Schematic diagram showing the breakdown of aquatic habitat into a series of habitat variables 
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Figure 3-2: Split Lake outlet discharge from 2000–2006. The black circles indicate the time of the macrophyte surveys in 

the Keeyask area. Discharge data are adapted from PE SV, Section 4 
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Figure 3-3: The relationship of inflow, water surface elevation and macrophyte habitat. This 5th percentile (low flow) 

scenario shows that suitable habitat extends from the 5th percentile water surface elevation to 3 m depth 

(which is the approximate maximum penetration of light) in the permanently wetted zone 
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Figure 3-4: Depths of macrophyte beds observed in 2001, 2003, and 2006 when 

compared to depths relative to the 95th percentile (A), and when the 2003 

depths were adjusted to the 5th percentile (B) 

A 

B 
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Figure 3-5: Frequency vs. water depth histogram of Myriophyllum sibiricum (A), 

Potamogeton richardsonii (B) in Stephens Lake. Water depth has been 

standardized to the 95th water level percentile 
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Figure 3-6: Pathways of change to aquatic habitat (arrows: green = positive effect; red = negative effect; black = neutral effect; thicker lines indicate greater magnitude of effect; triangles represent 

mitigation: 1 = selection of 159 m reservoir elevation and 1 m operating regime; 2 = habitat structure in reservoir and downstream) 

   

Summary of long-term effects (green = positive effect; red = negative effect; grey = no/minor effect; black = neutral effect; thicker lines indicate greater magnitudes of effects) of operation of the Keeyask GS on aquatic habitat in the Study 

Area (triangles are mitigation: 1 = selection of 159 m forebay elevation and 1 m operating regime; 2 = habitat structure in reservoir and downstream) 
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3A.1 INTRODUCTION 

This appendix describes field surveys conducted to acquire habitat data related to substrate type and 

macrophyte distribution required to: 

i) Provide information on the existing environment in the Keeyask area; and 

ii) Provide the field data necessary for the development of models to predict future conditions in the 

Keeyask reservoir based on conditions in Stephens Lake (described in Appendix 3B and Appendix 3C). 

This appendix also describes field surveys and data analysis conducted to describe habitat of the tributary 

streams in the Keeyask area. 

3A.2 KEEYASK AREA 

3A.2.1 SUBSTRATE 

The following data collection and mapping methods outline the approach taken to create the existing 

environment surface substrate map used to describe the bottom type habitat of the Keeyask area 

(Section 3.3.2.3, Map 3-14).  

3A.2.1.1 Field Surveys 

Data collection for substrate mapping consisted of both sonar and bottom-type validation surveys 

conducted during a number of field programs between 2001 and 2009. 

The majority of the data collection was completed in August 2001. The 2001 boat-based survey used a 

Meridata MD100 digital depth sounder linked to a mapping grade GPS (Trimble ProXL). A river bottom 

profile generated in real-time on the unit‟s graphic display was used to interpret the bottom type, bottom 

compaction, and presence of aquatic vegetation. Bottom validation using a probe and Ponar dredge was 

conducted at irregular intervals along the survey transects. The survey covered the area from Clark Lake 

up to the safely navigable area above Gull Rapids and the base of Gull Rapids to 2.5 km downstream. 

The survey covered the north and south shorelines of the Nelson River, latitudinal transects spaced 

approximately 500 m apart were used to cover the river (Map 3A-1, Map 3A-2, Map 3A-3, and Map 3A-

4).  

In order to further validate the acoustic data collected in 2001, boat-based Ponar and rebar drag surveys 

were conducted in the area of Gull Lake and upstream of Gull Rapids in 2006. Boat-based Ponar and 

rebar drag surveys were conducted in 2007 downstream of Gull Rapids in order to determine the general 

areas of substrate changes along the transition boundary to Stephens Lake. An additional survey was 

conducted in 2008 in the downstream portion of Gull Lake in areas identified as important lake sturgeon 

habitat to collect substrate, depth and velocity information. 

From 12–27 September 2008 a Price Type “AA” Current Meter (Model 1210) and a Ponar grab sampler 

were used in the vicinity of Caribou Island in Gull Lake in order to determine sturgeon habitat in the 
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area. Discharges (outflow at Split Lake) at the time of sampling ranged from 4225–4845 m3/s. The results 

of these velocity and bottom type samples were incorporated into the final substrate map. 

In July 2009, an additional sonar survey was conducted approximately 2.5 km downstream of Gull Rapids 

in order to fill in data gaps not previously acquired. The survey was conducted with a Quester Tangent 

Corporation (QTC) Series V scientific grade echo sounder coupled to a Trimble Pro XRS sub-metre 

grade GPS. The transducer was positioned approximately 40 cm below the surface of the water adjacent 

to the hull of the boat. The echo sounder had a frequency of 50 kilohertz (kHz) and was set to collect at 

5-second intervals. The survey consisted of six longitudinal transects filled in by multiple latitudinal tracks 

spaced approximately 250 m apart (Map 3A-3). 

Additional validation data were compiled from a number of fish community and lower trophic level field 

programs conducted between 2001 and 2009 in which habitat data were recorded. These validation 

datasets consisted of GPS point observations describing surface and, in some cases, sub-surface substrate 

types.  

3A.2.1.2 Mapping 

The 2001 Meridata MD100 track data were classified according to substrate changes verified in the field 

and on the bottom profile read-out. Validation substrates were classified based on a simplified 

interpretation of the Wentworth particle size classification for granular materials (Table 3-2). A simple 

coding structure was used to create aggregate substrate classes where they occurred: 

 Composition: 1 = Boulder Cobble; 2 = Gravel; 3 = Sand; 4 = Fines (25 original classes); 

 Compaction: 1 = Hard; 2 = Moderate; 3 = Soft; and 

 Vegetation Density: 1 = low; 2 = medium; 3 = high. 

Data were post-processed in a Microsoft Excel worksheet, complete with ID, easting, northing, depth, 

compaction, composition, and vegetation density, for a total of 309,023 classified data points. Data were 

then imported into ArcGIS (ESRI 2009) geographic information systems (GIS) mapping software and 

plotted along with available base mapping.  

A series of Thiessen polygon analyses were conducted in order to interpolate the discrete data point 

classifications to the areas of the river between the survey transects. A buffer was applied such that the 

classified polygons would extend outside of the shoreline area. A Thiessen polygon interpolation is an 

exact method of interpolation that assumes that the values of the unsampled locations are equal to the 

value of the nearest sampled point. The method is known as a local interpolator because the other data 

points in the dataset do not influence the interpolation process (Heywood et al. 1998). The Thiessen 

polygons were smoothed in order to remove relics of the interpolation process. Like classes of the 

original 25 were aggregated to reduce the number of substrate classes. 

The QTC acoustic data collected in 2009 were analyzed separately from the 2001 Meridata MD100 

acoustic bottom type data. The QTC echo sounder data were analyzed using QTC Impact (QTC 2009). 

An unsupervised classification approach was used to identify the acoustic classes identifying the boundary 
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between soft (depositional) and hard bottom types. The Ponar and rebar drag validation sites collected 

during the survey and classified according to a simplified Wentworth particle size classification 

(Table 3-2), were used to label the unsupervised classification classes representing soft and hard 

substrates. The classification allowed for the identification of the boundary between lake sedimentation 

and clean riverine hard substrates. 

3A.2.2 ROOTED MACROPHYTES 

The following data collection, mapping, and analysis methods were used to quantify and describe rooted 

macrophyte occupancy within the Keeyask area (Section 3.3.2.3, Table 3-5, Map 3-16). 

3A.2.2.1 Surveys – 2001, 2003, and 2006 

Information on aquatic plant abundance, species composition, and distribution was recorded during the 

boat-based bathymetric and aquatic habitat mapping survey conducted from late July to late August 2001 

from Clark Lake to downstream of Gull Rapids (Map 3A-2, Map 3A-3, and Map 3A-4). For detailed 

survey methods for abundance and composition refer to Appendix 4A. The location of areas supporting 

rooted plants visible from the surface was transcribed directly onto field maps. Plants were identified on-

site and species composition and relative densities were recorded. GPS transect data collected during the 

survey were coded as having low, medium, or high plant density (Section 3A.2.1.2).  

Fifteen aquatic macrophyte beds were identified and mapped at seventeen locations in the Nelson River 

between Birthday and Gull rapids (including Gull Lake) during late August 2003. The average depths of 

these macrophyte beds ranged from 0.26 to 1.36 m. Aquatic macrophyte beds were mapped based on the 

abundance of macrophytes within a bed; individual plants or small groupings of plants were not mapped. 

A Trimble ProXR with a TSC1 datalogger for sub-metre accuracy was used to record data. Because 2003 

was a low water year, the perimeters of macrophyte beds were walked and depths were taken manually 

(with a metre stick) and recorded in metres. The data collected in the field were then downloaded into 

Pathfinder Office v2.90 (Trimble 2009). Trimble Pathfinder point files were exported as shapefiles 

(environmental systems research institute) and imported into ArcGIS 9.3 (ESRI 2009). Polygons were 

digitized and presented as maps displaying the location of the macrophyte beds. 

An aerial survey was conducted between Birthday and Gull rapids in August 2006, and aquatic 

macrophyte bed locations were recorded on maps. Based on these observations, the edges of the plant 

beds were delineated and these polygons were digitized into the GIS. 

3A.2.2.2 Macrophyte Occupancy 

A GIS-based analysis was used to determine the area of macrophyte habitat occupied relative to the total 

potential habitat available and the use of water depths among years of study. A series of spatial queries 

were executed in order to identify areas of potential plant habitat based on substrate, water movement 

and depth criteria generally associated with macrophyte cover. The following criteria were identified: 
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 Keeyask area reaches 5–8; 

 Substrate identified as being silt/clay; 

 Water movement identified as being standing or low velocity; and 

 Depth being shallow (less than 3 m) or backwater habitat. 

The query result areas were summed to give a total habitat occupied at the 95th percentile water level. The 

same procedure was replicated for the 5th percentile water level shoreline and depth inputs. The total area 

of habitat occupied, and total percent of suitable and potential habitat occupied for all three survey years 

were then summarized (Table 3-5). 

Twenty random sample points were created for each macrophyte stand for each of the three years 

macrophyte beds were observed in the field (2001, 2003 and 2006). Point generation was constrained by a 

rule specifying that each point was spaced a minimum of 5 m from another to ensure that a discrete 

depth value was extracted from a depth grid. Smaller macrophyte stands therefore had fewer than 

20 random points. The 95th percentile depth grid was used to extract values for 2001 and 2006 and the 

5th percentile depth grid was used for 2003 points.   

The number of random sample points generated for 2001 was 2,045 in 105 beds, 176 for 2003, and 1,592 

for 2006 in 83 macrophyte beds; 2003 had fewer sample points because of a lower count of total beds 

(25). Descriptive statistics, including mean, minimum, maximum, and standard deviation, were generated 

from the depth points and are presented in Section 3.2.3.3. A box plot chart was generated to present a 

relative comparison of the depths and distribution of macrophyte stands over the three years. 

3A.2.3 CREEK HABITAT 

The following data collection and mapping methods were used to describe creek habitat and watershed 

area within the Keeyask area (Map 3-20). 

3A.2.3.1 Aerial Survey of Tributaries 

An aerial survey was conducted on 25 May 2005 along selected tributaries of the Nelson River between 

Birthday Gull rapids (Map 3A-5). Aerial video was captured along the tributaries using a GPS linked 

aerial video system (Red Hen Systems Inc., Fort Collins, Colorado) mounted on the nose of a Bell Jet 

Ranger helicopter. Aerial frame surveys were conducted at about 100 m above the tributaries.  

3A.2.3.2 Creek Habitat Mapping 

Where creek channels were well defined and visible, left and right banks were digitized from the 1999 and 

2006 Manitoba Hydro digital orthographic photos. A scale of 1:5,000 was used to produce a vector 

representation of all perennial and a limited number of intermittent creeks in the Keeyask area. Digitizing 

was terminated at either upstream waterbodies (i.e., Carscadden Lake) or where creek boundaries were no 

longer distinguishable on the photography. Where left and right creek banks were generally 
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indistinguishable (i.e., ill-defined channels due to the presence of peat), the centerline was digitized and 

buffered to a 3 m width to produce a more generalized representation of these creeks.   

The Red Hen Systems geo-located aerial video was then used to locate and delineate habitat types, these 

included: riffle-run-pool sequences; glides; peatland pools; and peatland channels. Polygons were built to 

represent each habitat type cartographically and to determine the area of each habitat type.  

3A.2.3.3 Creek Watershed Analysis 

A spatial watershed database for selected tributaries in the study area was developed for the impact 

assessment. Existing federal hydrography and digital elevation datasets were identified for use in a GIS-

based watershed mapping analysis. 

The National Hydro Network (NHN 2009) was identified as the best available geographic information 

system (GIS) vector water features data set for the Keeyask area. An important feature of the dataset is 

the inclusion of a linear drainage network, in addition to the basic cartographic features. The network 

features are intended for water flow analysis, water and watershed management, environmental and 

hydrographical applications.  

The Canadian Digital Elevation Data (CDED) (NHN 2009) digital elevation model was identified as the 

best available elevation data for the watershed analysis. The CDED consists of an ordered array of 

ground elevations at regularly spaced intervals. Elevation units are in metres above sea level relative to 

mean seal level. The appropriate CDED distribution tiles, managed by national topographic database 

1:50,000 map sheet code, were downloaded for the study area. The tiles were then merged together prior 

to analysis. 

Prior to beginning the watershed delineation analysis, a total of 188 study area tributary outlets were 

identified (Kelsey GS to Limestone GS). This was completed by spatially intersecting the 05UF000 NHN 

stream network with all major waterbodies in the study area. The NHN stream network, CDED digital 

elevation model, and tributary outlets were the three primary data inputs required for the analysis (Map 

3A-6). The extension Arc Hydro (Maidment 2002) for ArcGIS ® was implemented for the drainage 

analysis. The three primary data inputs were used in the Arc Hydro model to delineate approximately 188 

watersheds for the overall study area. The watersheds pertaining to the Keeyask area were selected out 

for further analysis and tabulation of areas. 

3A.3 STEPHENS LAKE AREA 

3A.3.1 SUBSTRATE 

The following data collection and mapping methods were used to create substrate maps to describe the 

existing environment bottom type habitat of Stephens Lake (Section 3.3.2.4). 
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3A.3.1.1 Field Surveys 

Substrate surveys were conducted in 2006 in selected study areas on Stephens Lake (Map 3A-7). The 

survey was conducted with a QTC Series V scientific grade echo sounder coupled to a Trimble Pro XRS 

sub-metre grade GPS. The transducer was positioned approximately 40 cm below the surface of the 

water adjacent to the hull of the boat. The echo sounder has a frequency of 50 kHz and was set to collect 

at 5-second intervals. Sonar data were processed using QTC Impact® acoustic waveform processing 

software. Data from 12–13 August, which included the four bays on the west side of Stephens Lake, were 

pooled together for multivariate analysis and classification. Acoustic data collected in the Kettle reservoir 

on 15 August was treated separately.  

Substrate validation data were acquired during the acoustic sonar surveys carried out on 12–15 August 

2006. At pre-selected points along planned transects, detailed bottom information was collected using a 

Ponar bottom sampler and aluminum probe. A total of 310 substrate validation sample sites complete 

with GPS co-ordinates, substrate type and composition were documented in Ross Wright Bay (n=123), 

O‟Neil Bay (n=131), the North Open Bay (n=11), and the South Open Bay (n=45). This is a subset of 

the 524 total validation samples collected in 2005 and 2006 in support of the macrophyte study on 

Stephens Lake. Validation substrates were classified based on a simplified interpretation of the 

Wentworth particle size classification for granular materials (Table 3-2). 

3A.3.1.2 Mapping 

QTC Impact® uses principal component analysis to reduce the 166 acoustic elements or variables 

recorded in the field to three principal component variables (Q1, Q2, Q3) that contain greater than 90% 

of the variability found within the dataset. QTC Impact uses an unsupervised cluster analysis to group 

like samples together to form clusters of samples with similar bottom type acoustic response. The 

unsupervised classification approach requires user-supplied labelling of classes using validation data 

collected in the field after clustering. The unsupervised classification of the merged Ross Wright Bay, 

O‟Neil Bay, and North and South Open Bay dataset resulted in six optimal acoustic bottom type classes. 

The distributions of classified QTC tracks for each of Ross Wright Bay, O‟Neil Bay, and North and 

South Open Bays were mapped for further interpretation purposes. The Kettle reservoir dataset was 

classified separately and resulted in four acoustic bottom type classes. Classified QTC tracks were 

exported from QTC Impact (QTC 2009) and imported into ArcGIS 9.3 (ESRI 2009) GIS software for 

mapping. Classified acoustic sonar tracks were labelled with acoustic bottom type classes, according to 

their coincidence with the accompanying classified bottom type validation sites. The two datasets were 

then used to generate surface substrate maps for each of the four study areas by digitizing polygon 

boundaries around interpreted changes in substrate type.  
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3A.3.2 ROOTED MACROPHYTES 

The following data collection, mapping, and analysis methods were used to describe existing environment 

rooted macrophyte habitat within Stephens Lake (Section 3.3.2.4) and to develop a predictive macrophyte 

model for the future Keeyask GS reservoir (Appendix 3C). 

3A.3.2.1 Surveys 

Areas of Stephens Lake that were historically inundated by impoundment by the Kettle GS in 1971 were 

surveyed in 2005 and 2006 to describe the existing aquatic habitat in previously flooded areas and assist in 

the development of a predictive aquatic macrophyte model. Species composition, abundance and 

distribution of vascular macrophytes and the variables that influence habitat preference (i.e., water depth, 

slope, and substrate) were documented to support model development. 

An aerial survey was conducted in late July, 2005, along the western shoreline of Stephens Lake to 

determine macrophyte bed locations and to direct the subsequent boat-based sampling program. Aerial 

video was captured along 72 km of shoreline using a GPS linked system (Red Hen Systems Inc., Fort 

Collins, Colorado) mounted on a Bell Jet Ranger helicopter. Aerial frame surveys were conducted at 

about 100 m above the lake surface. The locations of the macrophyte beds were recorded on maps. 

From late July to early August 2005, 524 sites were visited by boat in the vicinity of Ross Wright and 

O‟Neil bays in Stephens Lake and presence/absence macrophyte data and aquatic habitat information 

were collected. Macrophyte species were identified and at each location, water depth, bottom slope, and 

substrate type were recorded. Water depth (± 5 cm) was measured at the center of each plant stand using 

an incremented 5 m aluminium probe. Slope of the substrate was determined using the change in depth 

over a known distance using the aluminium probe, or a scientific-grade vertical echosounder operating at 

50 kHz (QTC), coupled with Trimble Pro XR differential (sub-meter) GPS. Substrate type at the location 

of the macrophyte bed was classified based on texture or compaction with the probe, and/or with a 

„Petit‟ Ponar dredge (bottom dredge sampler).  

In early August 2006, sampling was directed to areas where plants were recorded as absent in 2005. 

Information from the first field survey was used to locate areas where plants were absent and boat-based 

sampling was used to collect depth, slope, and substrate information. Effort was stratified within the 

preferred water depth range observed in 2005, as well as above and below this depth range. 

3A.3.2.2 Mapping and Data Analysis 

Data collected in Stephens Lake were used to develop a predictive macrophyte model. Model 

development is described in Appendix 3C. 
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Pahwaybanic Bay ±

0 1 2 Miles

0 2.5 5 Kilometres Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000, 
Stephens Lake Shoreline-Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro
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Note: Shows 95th percentile inflow
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0 2.5 51.25 3.75 Miles

0 5 102.5 7.5 Kilometres Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Redhen Data Collection Helicopter Survey 
Tracks for Stream Habitat Assessments
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3B.1 INTRODUCTION 

This appendix presents a summary description of the development of aquatic habitat in riverine and 

lacustrine sections of reservoirs in the lower Nelson River at Year 30, and provides a summary of four 

spatial models used to estimate aquatic habitat availability in the Keeyask reservoir at this time step. The 

modelling work has built upon the results of physical environment studies that estimated post-Project 

shoreline, water depth, and depth averaged velocity for initial full supply level (initial FSL) conditions, 

and the estimated size and shape of the reservoir for Year 30 derived from models of peatland 

disintegration and shore erosion (PE SV, Section 4, Section 6, and Section 7). 

Three models were used to estimate substrate distributions in the proposed reservoir and the fourth was 

used to estimate potential macrophyte habitat. For the substrate predictions, two lentic and one lotic 

model were used. For standing water habitat, a published deposition model was used for the offshore 

zone of the reservoir, and a second model was developed from flooded areas of Stephens Lake to 

estimate the areas where fine organic deposition would occur in bays. For lotic reservoir habitat, a 

deposition model was developed using data from the lower Nelson River, including the Keeyask area, 

Stephens Lake, and the Nelson River between the Limestone GS and the Long Spruce GS. The lotic 

deposition model was run twice to estimate the pattern of deposition at 95th and 5th percentile inflows. All 

model results were integrated to estimate the state of habitat for Year 30 post-Project. The fourth model, 

the predictive macrophyte model, is summarized here in brief. The full text describing the model 

development and validation is found in Appendix 3C.  

Certainty in model predictions was assessed by means of Cross Validation and the Relative Operating 

Characteristic.  

3B.2 DEVELOPMENT OF YEAR 30 RESERVOIR 

HABITAT 

The evolution of reservoir habitat from flooded terrestrial and flooded aquatic habitat is complex and 

depends in part on the design of project-specific infrastructure, and how this intersects with the local 

topography. The elevation of the proposed water level on the pre-flood topography determines the shape 

(i.e., size, depth, and geometry) of the reservoir (PE SV, Section 4), and the distribution of inundated soil 

types (Terrestrial Environment Supporting Volume [TE SV], Section 2.3.4.2 and Map 2.3-4. The shape of 

the reservoir, in turn, controls the expression of hydraulic energy (PE SV, Section 4 and Section 5), in the 

form of waves and currents and the relative position of water masses within the reservoir.  

Over time, habitat in the reservoir develops through the interaction of these physical processes in areas 

of relatively high magnitude change. Habitat in reservoirs changes from flooded terrestrial or flooded 

aquatic habitat via the processes of erosion, transport, and sedimentation (PE SV, Section 6 and 

Section 7). Areas where effects are relatively small at Year 30 (i.e., the habitat is altered but not markedly 

changed) remain similar to the initial FSL aquatic habitat and still resemble their basic pre-flood 

characteristics.  
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In the Keeyask area, the study of pre-flood soils and land cover (TE SV, Section 2.3.4.2) show that a 

generalized land cover sequence is apparent in the ecosite data that consists of three land cover types. 

The topographic sequence of mineral, thin peat, and deep peat is common in the study area 

(Figure 3B-1). This landcover sequence determines most of the locally available surficial and parent 

materials for redistribution in the reservoir.  

Section 3B.2.1, Section 3B.2.2 and Section 3B.2.3 provide a basic description of the development of 

Shallow and Deep habitat for the Keeyask reservoir at Year 30 as understood from studies of Stephens 

Lake and, to a lesser extent, the Limestone reservoir. Each section below describes a major habitat type 

and provides a link to a model found in Section 3B.4. that predicts that type of habitat distribution.   

3B.2.1 DEVELOPMENT OF SHALLOW WATER HABITAT 

IN FLOODED TERRESTRIAL AREAS 

The water masses in the flooded thalweg of the Nelson River in Stephens Lake are markedly different 

than those of the surrounding peatland watersheds (Section 2). The water masses can be divided into 

local, mixed, and regional water masses (Map 3B-1) based on multivariate analysis of the water quality 

and light attenuation characteristics (Figure 3B-2). Local water masses appear tea-stained, are derived 

from peatland watersheds, and are adjacent to the Nelson River, which enters the Stephens Lake area 

with higher turbidity (Photo 3B-1).  

Persistent deposition of fine organic material (FOM) in Stephens Lake typically occurs when a tributary 

of sufficient drainage area pools Local peatland water in the terminal end of a bay. The pool of Local 

water prevents the sediment-rich water of the main reservoir from fully diffusing through the entire bay. 

The ends of flooded bays in the reservoir tend to be peatlands before flooding (TE SV, Section 2.3.4.2 

and Map 2.3-4). The persistent accumulation of FOM at the ends of flooded bays results from the 

exclusion of water with higher suspended sediment concentration from an area that has abundant sources 

of organic material (from local peatlands and via stream inflows).  

The area where the Local and Mixed water masses meet determines the boundary between the fine 

organic deposition and the zone of silt deposition. The zone of silt deposition in deep water is the 

dominant bottom type in the Stephens Lake reservoir.  

Mixed water masses tend to be more dilute than Regional water masses (Section 2) and so rates of silt 

deposition from mixed water masses appear to be lower than most of the main basin. Near surface Ponar 

grab samples in areas with Mixed water masses show a layered sample where silt has superimposed the 

pre-flood inundated peatland soil. The deposits of silt are relatively deep and homogenous farther 

offshore in areas of Regional water masses. The changes in bottom type of the flooded terrestrial bay 

forms a sequence where organic deposition changes to silt deposition. Silt deposition appears to cover 

the entire Lentic flooded terrestrial habitat that is not influenced by waves and/or slope (Photo 3B-2).  

The model that predicts the depositional boundary between fine organic material and silt is described in 

Section 3B.4.3. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 3: AQUATIC HABITAT  3B-3 

Local

Regional

 

Source: North/South Consultants Inc. (P. Cooley), 2006 

Photo 3B-1: Aerial view of Local and Regional water masses observed in the western 

end of Stephens Lake  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 3: AQUATIC HABITAT  3B-4 

A

B

C

 

Source: North/South Consultants Inc. (P. Cooley), 2006 

Photo 3B-2: Ponar samples taken from Shallow Lentic habitat within a flooded 

terrestrial bay showing (A) fine organic deposition from the end of a bay in 

a peatland water mass, (B) layer of silt covering pre-flood peat in a mixed 

water mass, and c) homogenous silt deposit in Deep habitat near the main 

reservoir  
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3B.2.2 DEVELOPMENT OF NON-DEPOSITIONAL 

HABITAT IN SHALLOW LENTIC AREAS 

Studies of the shallow water habitat in flooded areas of the west end of Stephens Lake about 30 years 

after flooding show that pre-flood thin peat soils or mineral soils, inundated in shallow water in moderate 

to high exposure, erode through the thin peat (if present) down to the mineral parent material 

(Figure 3B-3). The reworking of peat veneer or deep mineral soils by wave action over time forms a 

nearshore slope that is a mainly cohesive clay matrix with a smaller amount of sand to cobble surface lag 

found in the swash zone (Photo 3B-3). About 79% (109/137) of all samples taken in Stephens Lake from 

areas that were either deep mineral or peat veneer before flooding evolved into clay-based samples by 

2005 or 2006. Other nearshore slopes formed from glaciofluvial deposits tend to have more sand/gravel, 

or infrequently, cobble in the study area. The clay substrate that forms in shallow water receives enough 

wave energy and is of sufficient slope to remain free of silt; further, much of this shallow water habitat is 

located within the IEZ of water level variation that may also move materials down slope. The clay-based 

bottom that forms from mineral soils, with or without a thin mantle of peat, provides a nutrient rich and 

cohesive fine-grained substrate that is potential macrophyte habitat. Studies of Stephens Lake showed 

that silt was found in Lentic habitat below the clay nearshore areas, which was deeper than the effects of 

waves. The shallow depth bound of the 95% confidence interval of the mean depth of sediment is 3.4 m 

(n = 100). This near minimum depth of silt is the same as the maximum depth observed for rooted 

macrophytes.  

A model from the published literature with extensive validation was used to estimate the water depth at 

which silt deposition would occur in standing water areas of the Keeyask reservoir below the effects of 

waves (Section 3B.4.2).  

3B.2.3 DEVELOPMENT OF DEEP WATER HABITAT IN 

FLOODED TERRESTRIAL AND FLOODED 

AQUATIC HABITAT 

Studies were undertaken to understand the character of deep-water habitat in the lower Nelson River. 

The studies from Stephens Lake and Limestone reservoir contrast two different types of reservoirs. The 

Limestone reservoir represents a riverine reservoir contained mainly within the original river valley (i.e., a 

large increase in depth relative to area) whereas Stephens Lake is mainly lacustrine as it was formed over a 

wide area of low relief (large increase in area relative to depth). While both reservoirs have similar 

maximum depths (i.e., about 32 m) they have notably different thalweg habitats after flooding. The shape 

of the flooded topography appears to determine if the thalweg substrate will be changed (e.g., cobble to 

silt) or altered (generally similar bottom composition but with areas of change like bank materials).  
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Source: Lynden Penner, J.D. Mollard and Associates, 2005 

Photo 3B-3: Clay nearshore substrate with granular surface lag, formed in Stephens 

Lake  

Information on depth, substrate, velocity, and exposure (see Appendix 3C 2.1.1) in the central thalweg of 

the Limestone reservoir showed that the substrate remained hard (i.e., rock) with some finer infill 

materials. In the Limestone reservoir it appears the thalweg habitat was altered mainly by an increase 

depth and decrease in velocity given that river currents remained confined to a U-shaped channel; this 
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appears to have maintained the dominant composition of the pre-flood thalweg character except in the 

area immediately upstream of the dam. In contrast, the habitat type of most of the flooded thalweg 

within Stephens Lake changed to silt deposition (Section 3.3.2.4) even in areas that were observed as lotic 

habitat during acoustic Doppler surveys (Appendix 3A) due to the increase in depth and loss of channel 

confinement. Substrate in some areas of the thalweg below Gull Rapids did not become depositional 

given currents remained in a riverine channel and depth changes due to the Kettle GS were relatively 

small.  

A lotic deposition model was developed from these studies to estimate the distribution of deposition in 

the thalweg of the proposed Keeyask reservoir, which is expected to have both riverine and lacustrine-

like reaches (Section 3B.4.1). This model extends the results that describe the rate of mineral 

sedimentation studies (PE SV, Section 7) by being spatially explicit for Year 30.  

3B.3 MODELLING APPROACH 

3B.3.1 MODELS TO ESTIMATE AQUATIC HABITAT 

AVAILABILITY IN THE KEEYASK RESERVOIR 

30 YEARS AFTER FLOODING 

Four spatial aquatic habitat models were developed to estimate habitat availability in the Keeyask 

reservoir (Table 3B-1) at about 30 years after flooding. Three models were derived to predict the 

presence or absence of deposition that underlies either lentic (standing) or lotic (flowing) water masses. 

Two of the depositional models estimated the distribution of mineral deposition (i.e., silt) and the third 

estimated the distribution of fine organic material. The fourth model predicted the presence of absence 

of suitable habitat for Potamogeton richardsonii and Myriophyllum sibiricum, the two dominant species of 

macrophyte found in flooded habitat of Stephens Lake. The development of a predictive macrophyte 

model designed for application on the proposed Keeyask reservoir is described here in brief, and in detail 

in Appendix 3C.  

3B.3.1.1 Data Sources and Uncertainty 

Initial FSL datasets representing depth, maximum fetch, exposure, and slope were used to estimate the 

aquatic habitat distributions. The initial FSL data represents the existing environment topography with 

the only ecological change being the addition of the full supply water level. This approach was adopted 

when the results of the physical environment studies suggested that changes in the shape of the reservoir 

over time are relatively small when compared to changes due to initial FSL. Changes in bottom 

topography in the nearshore zone are expected to occur between initial FSL and Year 30 and are due 

mainly to peat resurfacing, mineral shore erosion, and mineral sedimentation. A summary follows that 

describes these changes in order explain the applicability of the initial FSL topography as a proxy for 

Year 30. 
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3B.3.1.1.1 Peat Resurfacing 

Any effect of peat resurfacing on the bottom topography of the Keeyask reservoir between Initial FSL 

and Year 30 would be most marked in shallow water where hydrostatic pressure does not keep the peat 

on the bottom (PE SV, Section 6).  

Laboratory analysis of peat resurfacing potential after flooding reveals that the fibrous surface layer (Of) 

has the lowest specific gravity and is typically the only layer that floats to the surface after separating from 

the mesic or humic layers below(PE SV, Section 6). The composition of the dominant peatlands within 

the predicted flooded area would be 40% veneer bog, 26% blanket bog, and 23% peat plateau bog. These 

peatland types have Of thicknesses that average 0.22 m, 0.37 m, and 0.25 m, respectively (PE SV, 

Section 6). These Of thicknesses are less than half the 1 m contour interval and therefore are within the 

error of the post-Project initial FSL depth map. Therefore, the effect of peat resurfacing on bottom 

topography is small given that almost 90% of the flooded area has layers of peat that have some potential 

to uplift, which are thinner than the error inherent in the Initial FSL elevation model.  

3B.3.1.1.2 Mineral Soil Erosion  

Bank recession distances projected over the 30-year modelling period for the Keeyask Project average 

4.8 m/year (y), with a maximum of 40.8 m at highly exposed sites (PE SV, Section 6). Maximum bank 

recession distances without the Project were estimated at 0.4 m/y, or a maximum total recession of about 

12 m over the 30-year period. A maximum incremental bank recession of 29 m can be attributed to the 

Project after 30 years. The changes in the shape of the reservoir over time are therefore relatively small 

when compared to changes incurred from initial FSL. For example, when the depth of fine mud 

deposition is estimated (Model # 2 in Table 3B-1) for a 7 km fetch common to the lower reservoir with a 

4% slope and then again with the additional 29 m attributed to the Project, the estimated water depth 

where deposition begins changes from 1.59 m to 1.60 m.  

3B.3.1.1.3 Mineral Deposition in Lentic and Lotic Habitat 

Sediment coring and ground penetrating radar were used to study sedimentation processes in the lower 

Nelson River in 2006 for studies in support of PE SV, Section 6. In Stephens Lake, sampling was 

undertaken at eight sites along transects from the shoreline to about 200 m in the offshore direction. 

Sampling was directed to study nearshore processes, and did not target the main depositional basins of 

the reservoir or the pre-flood thalweg of the river. Results demonstrated a general fining of grain sizes 

with increasing water depth and distance from shore, except where slope was sufficiently high to refocus 

materials downward. Sediment thickness above pre-flood strata was lower in lotic sites than lentic sites, 

and the proportion of organic material deposited with the mineral sediment was greater in lentic sites. 

Glacial deposits that lack either mineral or organic deposition from Stephens Lake were observed on the 

upper beach slope at some sites, indicating that the upper beach slope is primarily an erosive 

environment with little fine-grained sediment deposition occurring above the wave base depth. Average 

sedimentation rates in Stephens Lake since impoundment and below the effect of waves were often 

1 cm/y, but can be as high as 2.4 cm/y.  
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An average nearshore depositional rate of 1 cm/y multiplied by 35 years (1971–2006) equates to an 

average deposit thickness of 35 cm. In deep water, this change in depth is small relative to the depth in 

the Initial FSL map and would therefore not have a measurable effect on the results of any model 

applied. In lentic habitat, silt deposition would be expected below the effects of waves, water levels, or 

where slope also increases the depth of the depositional boundary. This, however, would not change the 

location of the silt boundary and only marginally decreases the depth. If peat uplift at a site below the 

effects of waves occurred shortly after flooding then the silt deposition would likely result in filling the 

“crater” to an elevation similar to that of the surface of the substrate at initial FSL. 

3B.3.1.2 Analysis Methods 

Logistic regression and Linear Discriminant Analysis (LDA) are multivariate methods that are suited to 

the multi-variable data required to estimate reservoir habitat based on conditions before and/or after 

flooding. Each method has different data requirements and employs a different analytical method, but 

both result in a predicted outcome that is classified (i.e., nominal) based on a probability value. 

Classification of objects into groups enables an assessment of the performance of the model by 

comparison of the agreement between observed and predicted classes, referred to as cross-validation. 

Both methods also support “block entry” or “stepwise” methods of analysis that describe how the 

variables are analyzed. Block entry methods analyze all variables together as a group, whereas stepwise 

methods evaluate the contribution of each variable to the model, and conditionally, drop the variables 

that do not improve the model significantly.  

3B.3.1.2.1 Logistic Regression  

Logistic regression is used for predicting the probability of an event by fitting data to a logistic curve, 

which is sigmoid in shape. Logistic regression is a generalized linear model used for binomial regression. 

It makes use of several predictor variables that may either be numerical or categorical to predict a binary 

response variable (0 or 1, presence or absence). Classification of each observation into one of two binary 

response variables typically is undertaken at a probability of 0.5 “cut” threshold. This type of regression is 

often used in ecological studies to determine what factors are responsible for the presence or absence of 

a species.  

3B.3.1.2.2 Linear Discriminant Analysis 

Linear discriminant analysis (Manley 1994) considers a division of objects into groups by reducing the 

number of dimensions in the data, develops a predictive model, and supports cross validation to assess 

the agreement between observed and predicted classes. A predictive model is constructed for known 

groups (k) that are known a priori based on the linear combinations of the available environmental 

variables (p) that best discriminate among the groups. The number of discriminant axes is the smaller of 

k – 1 or p. Like the one way Analysis of Variance (ANOVA), the LDA maximizes the F ratio by forming 

linear composites that maximize the inter- to intra-class variation over k. Each observation in the LDA 

results with a probability of being assigned to each of the groups; the class with the highest probability is 

assigned to the observation. The relative contribution of each variable to the LDA can be examined by 
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review of standardized discriminant function coefficients (Legendre and Legendre 2004). The equations 

of the LDA analysis are provided by the Fishers Discriminant Function coefficients. LDA may be 

preferred over logistic regression when the number of groups required of the predictive model is greater 

than two (Pohar et al. 2004).  

3B.3.1.2.3 Cross-Validation and the Relative Operating Characteristic 

Cross-validation is a technique for assessing how the results of a statistical analysis will generalize to an 

independent dataset. This method is generally used when the goal of the analysis is prediction, and an 

estimate is needed that shows how well predictive model will perform in practice. Cross-validation 

involves partitioning a sample of data into complementary subsets, performing the analysis on one subset 

used to develop the model (i.e., the model set), and validating the analysis on the other subset (i.e., the test 

set). In this manner, predicted classifications generated from the model subset are compared against the 

test subset for which the group association is already known. The overall agreement, in percent, is used to 

suggest how well the model would run under similar conditions on a different dataset.  

Selection of observations into model and test groups for each of the models was undertaken by selecting 

one in every three or four records (depending on the size of each dataset) in the database, which was 

considered the test validation group and was not used in model building. This systematic sampling was 

undertaken to ensure all ecotypes were represented in the test group. 

The relative operating characteristic (ROC) is a comparison of true positive responses and false positive 

responses of a classification (Egan 1975; Swets 1988). The ROC may be may be reduced to a single value 

to facilitate comparison of expected classification performance. A common measure of ROC is that of 

the area under the curve where the values range from 0.5 to 1.0. Relative operating characteristic values 

of 0.5 infer the model classifies only about as well as a random model and ROC values approaching 1.0 

indicate a perfect fit (i.e., only true positive classification results). 

3B.4 PREDICTIVE HABITAT MODELS FOR THE 

KEEYASK RESERVOIR 30 YEARS AFTER 

FLOODING 

3B.4.1 ESTIMATING THE DISTRIBUTION OF 

DEPOSITION WITHIN LOTIC HABITAT 

An empirical model to estimate the presence or absence of deposition in lotic areas of the proposed 

Keeyask reservoir was derived from depth, velocity, and exposure data (n = 171) (Table 3B-2) from data 

collected during habitat survey (Appendix 3A). The depth averaged velocity data were those introduced 

in Section 4 of the PE SV. 
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The range in model estimates was assessed under low and high flows by substituting either the 95th FSL 

or 5th minimum operating level depth-averaged velocity and exposure percentile conditions for these data 

(n=60; Table 3B-2). Samples finer than sand (i.e., mostly clay and silt) were considered depositional.  

A binary logistic regression model was fitted to the lotic deposition/no deposition data. The logistic 

model was derived from 75% (n = 130) of the available data, referred to as the Model group, by entering 

the data in a forward stepwise procedure using the variables: 1) site depth (m), 2) exposure (m), and  

3) depth-averaged velocity (m/s). Likelihood-ratio tests were used to determine the statistical significance 

of explanatory variables. Classification agreement and performance was assessed using cross-validation 

and by means of the ROC.  

Cross-validation was undertaken by running the lotic deposition logistic model on the remaining 25% 

(n = 41) of the data for which class membership was known, but was excluded during model building. 

These validation samples are referred to as the Test group.  

Logistic regression equations to estimate deposition in lotic habitat:  

i) 5th percentile inflow 

Lotic deposition 5 = 0.7336 + 0.182479 depth + 0.000836 exposure - 22.429063 velocity 

ii) 95th percentile inflow 

Lotic deposition 95 = 1.6099 + 0.052980 depth + 0.001530 exposure - 17.42653 velocity 

Forward stepwise logistic regression results show that velocity, depth, and exposure together provided 

the best model for the 5th and 95th percentile model runs (Table 3B-3). As expected, depth-averaged 

velocity was a highly significant variable (Table 3B-4) for describing the presence or absence of 

deposition in both models. For the 5th percentile model, the contribution of depth was also significant; 

whereas, in the 95th percentile run, the role of exposure was important (i.e., nearly significant).  

Logistic regression results do not lend well to graphical presentation so trends in the data are shown 

using principal component analysis (PCA). The PCA results are visually similar for the 5th and 

95th percentile inflows and the first two component axes in each trial explained about 85% of the variance 

in the data. For the 95th percentile PCA (Figure 3B-1), the first principal component represented 

contributions from both exposure and depth, which combined explained most of the variance along that 

axis (85%); whereas, the second component was dominated by depth averaged velocity (83%). 

Figure 3B-1 shows that depositional sites tend to be those that had relatively high exposure and water 

depth at moderate velocity (e.g., Kettle reservoir), or low velocity at moderate exposures and depth  

(e.g., Stephens Lake thalweg). Sites without deposition tended to occur where velocity is relatively high 

and where depth and exposure is moderate or low (e.g., central thalweg of Limestone reservoir or the lotic 

areas of the Keeyask Study Area). In particular, sites upstream of Gull Lake (where the Nelson River 

flows are fast, the channel is narrow and relatively shallow) are readily apparent in the upper left corner of 

the biplot.  

Cross-validation results employed in the logistic regression analysis showed that classification agreement 

for the 5th and 95th percentile inflow scenarios was excellent, ranging between 82% to 91% (Table 3B-5). 

The Test group was not included in model building and provided agreement slightly lower than the 
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Model group (5–6% lower), as could be expected from a relatively small sample size when compared to 

the Model group. The deposition class in the Test group achieved 73% agreement. Cross-validation 

results suggest that the lotic deposition model can correctly classify depositional sites 73% of the time, 

but can be as high as 83%.  

The area under the ROC curve for these according to the 95th percentile inflow and 5th percentile inflow 

is: ROC 95 = 0.967, ROC 5 = 0.948 

where ROC = 1 indicates a perfect fit; and ROC = 0.5 indicates a random fit. 

According to the ROC assessment approach, the lotic deposition model has a probability of assigning a 

true positive result about 95–97% of the time.  

The cross-validation and ROC methods of assessment both suggest a strong predictive capacity is 

achieved in the lotic deposition model. This is evident in Map 3B-2, which compares the predicted 

bottom type (deposition/no deposition) to the data observed in the field. Map 3B-3 shows the modelled 

distribution within the lotic habitat area.  

3B.4.2 ESTIMATING THE MUD DEPOSITION 

BOUNDARY DEPTH 

Equation 25 of Rowan et al. (1992) predicts the presence or absence of deposition in standing water. The 

boundary between depositional and non-depositional areas is referred to as the mud depositional 

boundary depth (Mud DBD) that results due to waves and/or from slope due to the tractive force of 

gravity creating sheer stress. The presence or absence of deposition is estimated using the variables: site 

depth (m), maximum fetch (km), and slope (%). Equation 25 was derived from empirical data gathered 

from 54 lakes over a wide range in size in temperate Canada and the northern United States. In a 

reservoir drawdown study, Cooley and Franzin (2008) conducted a detailed validation of this equation in 

a drawdown experiment and found remarkable agreement between the observed and modelled 

deposition distributions. 

Deposition is defined as particles that are smaller than 23 um or 5.5 phi, or greater than 60% water 

content.  

Logistic regression equation to estimate the mud DBD: 

Mud DBD = -0.107  +  0.742 log Maximum Fetch + 0.0653 slope 

Rowan et al. (1992) show that this equation correctly classifies 683 out of 783 (87%) of fine grained sites 

and 344 out of 477 (70%) of coarse grained sites from which the model was built.  

The extent of silt deposition below the effects of waves was estimated for lentic areas of the lower 

reservoir using Equation 25 (Rowan et al. 1992), the initial FSL depth map, a slope map (%), and a map 

of maximum fetch distance. This model predicts a zone of no deposition that often appears as a band 

that follows the perimeter of the reservoir and islands due to wave energy or slope. The lower extent of 
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this zone is delineated as the Mud DBD, below which deposition was predicted for all of the remaining 

lentic areas.  

To assess the validity of the results modelled by Equation 25 for the Keeyask reservoir, the extent of the 

wave-washed zone mapped according to Equation 25 was scrutinized further by comparison to empirical 

data from Stephens Lake. Keeyask aquatic studies show that both of the two dominant species of rooted 

macrophyte are found in shallow water areas above the silt boundary. The upper extent to the 

distribution of deposition estimated by Equation 25 appears as a band along the shoreline. The width of 

this band was compared visually to empirical data describing the distance from each plant stand to the 

shoreline (Figure 3B-4).  

The width of the zone between the shoreline and the silt boundary estimated by Equation 25 was  

60–75 m wide for most of the lower reservoir, but was as wide as 300 m in a few areas. These distances 

are in good agreement with measured distances between each plant stand and the shoreline at Stephens 

Lake. The average distance between the shoreline and stands of Potamogeton richardsonii, the most abundant 

species, was 60 m but ranged as far as 352 m. 

The mapped results of this model are provided with those of the next model, described below.  

3B.4.3 ESTIMATING THE DISTRIBUTION OF 

DEPOSITION BY FINE ORGANIC MATERIAL 

A binary logistic regression model was fitted to FOM and silt substrate data (n = 238) obtained from 

flooded areas of Stephens Lake collected during the Keeyask aquatic studies to predict the boundary 

between FOM and silt substrata in peatland bays. The logistic model was derived from 75% (n = 179) of 

the available data, referred to as the Model group, by entering the data using a forward stepwise 

procedure using the variables: site depth (m), exposure (m), and slope (%). Likelihood-ratio tests were 

used to determine the statistical significance of explanatory variables. Classification agreement and 

performance was assessed using cross-validation and by means of the ROC.  

Cross-validation was undertaken by running the FOM logistic model on the remaining 25% (n = 59) of 

the data for which class membership was known, but was excluded during model building. These 

validation samples are referred to as the Test group.  

Logistic regression equation for estimating the distribution of FOM:  

 FOM = 5.008 - 0.710 Depth - 0.003 Exposure - 0.438 slope 

3B.4.3.1 Logistic regression statistics 

The explanatory variables bring significant information to the model when compared to the model using 

only a constant (Table 3B-6). Stepwise results demonstrated three variables provided the best model fit, 

with each step forming a significant improvement to the model (Table 3B-7). The contribution each 

variable to the model (in the form of standardized coefficients) is shown in Table 3B-8. Exposure 
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contributed most to the model with a highly significant effect on model form. The effect of depth and 

slope was also significant, but the role of slope was only about half as important as that of exposure.  

3B.4.3.2 Classification agreement and ROC performance 

Cross-validation results (Table 3B-9) show that overall classification agreement of the Model group and 

Test group is 79.9% and 79.7%, respectively. Similarity in percent agreement suggests that the sample size 

of the Model group was sufficiently large and likely represents all of the data found in the Test group. 

Results suggest that the FOM model will correctly classify FOM sites about 83% of the time.  

The area under the ROC curve for these data is: ROC = 0.908 

where ROC = 1 indicates a perfect fit; and ROC = 0.5 indicates a random fit. 

According to the ROC assessment approach, the FOM model has a probability of assigning a true 

positive result about 91% of the time.  

The cross-validation and ROC methods of assessment both suggest a strong predictive capacity is 

achieved in the FOM logistic regression model. This is evident in Map 3B-4, which compares the 

predicted bottom type (FOM or silt) to the data observed in Stephens Lake. The model results show that 

most of the error in classification agreement arose due to prediction of FOM in areas lacking inflows 

from peatland streams.  

Application of the FOM logistic model in the Keeyask reservoir (Map 3B-5) was restricted to areas where 

peatland tributaries drain into flooded bays. Consequently, the results presented here are considered 

conservative (i.e., the model results, in terms of true positives, would be expected to be higher than 

documented). The uncertainty of this model is relatively easy to assess given that FOM deposition occurs 

in bays that co-occur with tributaries, which are readily identified in maps. The precise position of the 

boundary between silt and FOM in a bay is less certain, but would be considered moderate due to the 

strong control of bay shape (i.e., exposure) on model results.  

Map 3B-6 shows the integration of all models described above to estimate the distribution of deposition 

in the Year 30 post-Project reservoir. 

3B.4.4 MODEL 4 – ESTIMATING THE POTENTIAL 

DISTRIBUTION OF POTAMOGETON 

RICHARDSONII AND MYRIOPHYLLUM 

SIBIRICUM  

This section provides an overview of the main results found in Appendix 3C that details: 1) the 

development of a predictive reservoir (PR) model to estimate the distribution of potential habitat for 

Potamogeton richardsonii and Myriophyllum sibiricum in the proposed Keeyask reservoir; 2) analyses to indicate 

which of the select environmental variables best accounts for the observed distribution of each species; 

and 3) documents the use of potential habitat by macrophytes.  
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The predictive macrophyte model was derived from field data collected from Stephens Lake in mid-

summer 2005 and 2006 that described species, location, depth, slope, exposure, and substrate (n = 471) 

from the existing environment (EE) and the pre-flood (PF) landcover variables distance to mineral soil 

and peat depth (described in Appendix 3C). The pre-flood variables are key inputs to the model as this 

allows the presence or absence of aquatic plants in Stephens Lake today to be associated also with pre-

flood conditions. Pre-flood soils information also provides an option for the model to work without the 

need for detailed substrate information, which may not be known a priori, when the model is applied in a 

future scenario.  

3B.4.4.1 Assessing the Relative Importance of Existing 

Environment and Pre-flood Variables 

The objectives supporting the development of the predictive macrophyte model was to compare and 

contrast the EE variables with the PF variables to determine the strengths and weaknesses of the 

available data to better critique the model.  

The first of three LDA analyses included all EE and PF variables and explained 79% of the variance in 

the data. Substrate type from the EE was the dominant variable discriminating between both species 

from areas where they were absent. The second LDA analysis was constrained to EE variables only. As 

expected, the amount of variance increased relative to the first trial (87% explained) and showed that 

substrate grain size and water depth primarily determined macrophyte distribution in the EE. The third 

LDA trial, the PR model, aimed to learn which EE and PF variables would be most important when the 

PF surrogate variables (i.e., distance to mineral soils and peat depth) were used in place of the EE 

substrate, which was assumed to be unavailable. The third trial aimed to determine if removal of the most 

important variable in the first two trials resulted in a decrease of model performance. Results of the PR 

model (Table 3B-10) confirmed that, like the two previous trials, information on bottom type (i.e., either 

EE substrate or PF soils) was most important to discriminate between the presence of each species from 

absence. As shown in Figure 3B-6, the PF soil variables dominated discrimination and so comprise most 

of the weight along the axis of function 1, whereas the EE variables dominated function 2. On function 

1, the minimum distance to mineral soil variable weighted the axis nearly twice that of peat depth. The 

second function was weighted most by slope and exposure, which were weighted similarly, and to a lesser 

extent by depth.  

The PR model classification results explained 67% of the variance in the PF and EE data, which is a 

decrease of 20% relative to the EE model. This may suggest that the classification performance of the PR 

model might have dropped drop notably. The cross-validation results, however, showed clearly that this 

was not the case (Table 3B-11). Both trials on the Test group, not used to build the model, achieved high 

and equal classification agreement (81%).  

The LDA analysis, unlike the logistic models above, supports the discrimination of more than two 

groups; this enables the two main species of macrophytes in Stephens Lake to be discriminated and the 

performance of the predictive model for each species to be assessed. Cross-validation results by species 

or absent show that M. sibiricum and P. richardsonii can be predicted with about equal confidence about  
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84 to 86% of the time; whereas, sites where these species are absent is slightly lower, about 74 to 76%. 

The results also show the Test and Model group each had a classification agreement that was about equal, 

and that estimates of agreement by species or absent were within 2%. This reveals that the PR model can 

be used with a high degree of confidence that is equal to that of the EE model (which operated with the 

benefit of contemporary field data) The PR model results are shown in Map 3B-7. Analyses of habitat 

preferences by each species are provided in Appendix 3C.  

3B.4.4.2 Accounting for Deep Peat in Exposed Areas 

The Keeyask reservoir has a few relatively large areas of deep peat in exposed locations, which was a site 

condition not observed in the macrophyte study area of Stephens Lake. This suggests that the LDA 

macrophyte model results could be improved if constrained by deep peatland type. Year 30 potential 

habitat in the lower reservoir was inspected visually to exclude relatively large areas of deeper peatlands, 

which included peatland plateau bogs and blanket bogs. These peatland types often have surface organic 

layers than can be up to 2 m thick (PE SV, Section 6). Soil profile information from the areas along the 

future Year 30 shoreline was reviewed to confirm relatively thick peat (PE SV, Section 6). Based on 

studies of more than 500 sites in Stephens Lake, these areas would not be suitable for macrophyte growth 

given peat is abundant on the bottom (intact or inundated peat), detritus, and other small woody debris, 

and/or water depths in areas of peat uplift that exceed the photic zone. It was therefore assumed that all 

of the relatively large peatland areas found above the silt boundary (modelled by Equation 25 in Rowan et 

al. 1992) were not potential macrophyte habitat. 
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Table 3B-1: List of approaches used to estimate aquatic habitat availability at Year 30 

according to: model application, type of water mass (lentic/lotic), 

modelling method, area of data source 

Model 

# 
Application 

Water 

Mass 
Model Method Area 

1 Substrate Lotic Presence/absence of 

deposition 

Logistic 

regression 

Nelson River 

between Birthday 

Rapids to Limestone 

GS 

2 Substrate Lentic Presence/absence of 

mineral deposition - 

Equation 25 in Rowan et 

al. (1992) 

Logistic 

regression 

Ontario/Quebec 

3 Substrate Lentic Presence/absence of fine 

organic material 

Logistic 

regression 

Stephens Lake 

4 Macrophyte Lentic Presence/absence of two 

dominant macrophyte 

species from absent 

Linear 

discriminant 

analysis 

Stephens Lake 

 

Table 3B-2: Areas on the Nelson River where substrate or velocity samples were 

obtained according to time period, daily average discharge (Q) was 

measured in cubic meters per second in the lower Nelson River, and the 

presence or absence of deposition of materials finer than sand 

Area 
Substrate Velocity Deposition 

Date Q Date Q Yes No 

Limestone reservoir 19 Jun 2006 6305 12 Jul 2007 4285 17 23 

Kettle reservoir 21 Jun 2006 6305 19 Sep 2007 3520 15 0 

Stephens Lake thalweg 15 Sep 2007 4285 17 Sep 2007 3520 15 13 

Stephens Lake 02 Jul 2006 4561 02 Jul 2006 4561 2 0 

Keeyask 13 Sep 2006 3423 - Modelled 14 46 

Keeyask 2008 28 Sep 2008 4090 28 Sep 2008 4090 1 25 

Total     64 107 
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Table 3B-3: Forward stepwise logistic regression results for 5th and 95th percentile 

inflows using 2 or 3 explanatory variables. Decreasing values for the -2Log 

(likelihood) and Akaike’s Information Criterion (AIC) as the number of 

variables increases indicates an improvement to the model. Values in bold 

show the best model 

Percentile 

Inflow 

No. of 

Variables 
Variables 

-2 Log 

(Likelihood) 
Pr > Wald AIC 

5 2 Velocity/depth 72.319 0.000 80.319 

 3 Velocity/exposure/depth 71.463 0.000 81.463 

95 2 Velocity/exposure 60.915 0.000 68.915 

 3 Velocity/exposure/depth 57.971 0.000 67.971 

 

Table 3B-4: Standardized coefficients for 5th and 95th percentile inflows from a three 

variable logistic regression model for predicting deposition/no deposition 

in lotic areas of the lower Nelson River 

Percentile 

Inflow 
Source Value Standard Error Wald Chi-Square Pr > Chi² 

5 Velocity -4.946 0.812 37.145 <0.0001 

 Exposure 0.225 0.330 0.467 0.494 

 Depth 1.637 0.427 14.727 0.000 

95 Velocity -6.315 1.147 30.293 <0.0001 

 Exposure 0.721 0.374 3.719 0.054 

 Depth 0.596 0.363 2.700 0.100 
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Table 3B-5: Cross-validation results for 5th and 95th percentile inflow simulation 

showing classification agreement (%) of the Model and Test groups for 

predicting depositional and non-depositional substrata in lotic water 

masses. Model group n = 130; Test group n = 41 

  
5th Percentile Inflow 95th Percentile Inflow 

Model Group Test Group Model Group Test Group 

No deposition 88.8 88.4 93.8 88.5 

Deposition 87.7 73.3 87.8 80.0 

Overall  88.4 82.9 91.5 85.4 

 

Table 3B-6: Likelihood-ratio test demonstrating the effect of the explanatory variables 

against that of a model using only a constant 

Statistic DF Chi-square Pr > Chi² 

-2 Log(Likelihood) 3 107.453 <0.0001 

 

Table 3B-7: Forward stepwise logistic regression results using 1, 2, or 3 explanatory 

variables. Decreasing values for the -2Log (likelihood) and Akaike’s 

Information Criterion (AIC) as the number of variables increases indicates 

an improvement to the model 

No. of Variables Variables 
-2 Log 

(Likelihood) 
Pr > Wald AIC 

1 Exposure 156.970 0.000 166.970 

2 Depth/ Exposure 143.989 0.000 153.989 

3 Depth/ Exposure/Slope 135.974 0.000 145.974 
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Table 3B-8: Standardized coefficients for a three variable logistic regression model for 

predicting the boundary between fine organic material and silt in flooded 

peatland bays 

Source Value Standard Error Wald Chi-Square Pr > Chi² 

Depth -1.088 0.392 7.705 0.006 

Slope -0.727 0.274 7.036 0.008 

Exposure -1.511 0.306 24.315 < 0.0001 

 

Table 3B-9: Cross-validation results showing classification agreement (%) of the 

Model and Test groups for predicting the boundary between fine organic 

material (FOM) and silt in flooded peatland bays. Model group n = 179; 

Test group n = 59 

  Model Group Test Group 

Silt 74.7 76.0 

FOM 83.7 82.4 

Overall  79.9 79.7 
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Table 3B-10: Fishers discriminant function coefficients derived for the predictive reservoir model to estimate potential 

macrophyte habitat derived using linear discriminant analysis (LDA) representing the existing environment 

(EE) and pre-flood (PF) data. Model number is consistent with Appendix 3C. Model 3 assumes the EE 

substrate variable phi is unavailable in this future scenario. Adapted from Appendix 3C 

Model 

# 
LDA Model 

Number of 

Variables 
Class Constant 

EE PF 

Slope Exposure Depth Phi 
Mineral 

Soildist 

Peat 

Depth 

3 Predictive 

Reservoir 

5 M. sibiricum -13.3283 0.0622 0.0034 1.4159 - 0.0035 0.0923 

P. richardsonii -11.5641 0.4847 0.0057 1.5413 - -0.0022 0.0796 

Absent -17.1007 0.7616 0.0053 1.9736 - 0.0054 0.0949 

 

Table 3B-11: Classification agreement (%) for the predictive reservoir model (PR) to estimate potential macrophyte 

habitat using linear discriminant analysis (LDA). The Model group represents 75% of the available data (n = 

471) and was cross-validated using the remaining Test data not used to build the model. Model number is 

consistent with the numbering of Appendix 3C 

Model # LDA Model 
Number of 

Variables 

Model 

Agreement 

(%) 

Test 

Agreement 

(%) 

Test (%) 

M. sibiricum P. richardsonii Absent 

2 EE 4 80.0 81.0 86.0 84.0 76.0 

3 PR 5 78.0 81.0 86.0 86.0 74.0 
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Figure 3B-1: Schematic diagram of topographic sequences of forest and soil types present in the study area where a low 

relief and gently undulating topography is present. Peat veneer is also regarded as thin peat. Not to scale 
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Figure 3B-2: Discriminant Analysis grouping of water quality and light attenuation sites shown in Map 3B-1. Sites are 

shown (1–15) by year (05/06) by water mass type 
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Figure 3B-3: Schematic illustration of post-Project flooded terrestrial habitat showing the development of a clay–

aggregate nearshore matrix from a pre-flood peat veneer, and superimposition of silt over the pre-flood peat 

in deeper areas. Peat veneer is also regarded as thin peat 
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Figure 3B-4: Principal component analysis correlation biplot for 95th percentile inflow 

scenario of the lotic deposition model showing: (A) scatter of data used to 

build the model by study area (K = Keeyask 2006, K08 = Keeyask 2008, 

FHP = Fish Habitat Preferences in Stephens Lake 2006, Stephens Lake 

thalweg studies 2007, KFB = Kettle reservoir 2006, LS = Limestone 

reservoir 2006) with arrows indicating correlation amongst variables and 

each PCA axis, and (B) the same data but classified according to deposition 

or no deposition as observed in the field  
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Figure 3B-5: Frequency histograms of the minimum distance of M. sibiricum (A) and P. 

richardsonii (B) to the shoreline of Stephens Lake at about the 95th 

percentile water level 
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Figure 3B-6: Discriminant analysis scatter plot showing the predictive macrophyte 

model built from Stephens Lake and applied to the proposed Keeyask 

reservoir at FSL. The predictive reservoir model contained three existing 

environment variables (exposure, depth, slope) and two pre-flood 

variables (distance to mineral soil, peat depth) that are surrogate variables 

used when the substrate grain size is unknown in this future scenario 
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3C.1 INTRODUCTION 

This appendix presents the development of a model to predict where Richardson‟s pondweed 

(Potamogeton richardsonii) and northern water milfoil (Myriophyllum sibiricum), the two dominant species 

found in Stephens Lake, could potentially live in the proposed Keeyask reservoir when it is 30 years old, 

and to learn how much of that habitat could be used by these species. The development of the model 

benefited by addressing four main questions: 1) what environmental variables best describe the presence 

or absence of these two species?; 2) how well can we predict the presence or absence of these species in 

Stephens Lake today?; 3) how well can we make the same predictions for the proposed Keeyask 

reservoir?; and 4) how much of the area in Stephens Lake that has a potential for plant growth is actually 

used by plants?  

These two objectives enable an estimate of the potential area of macrophyte habitat occupied by plants in 

the proposed Keeyask reservoir to be determined for when the reservoir will be about 30 years old, and 

to provide a preliminary understanding of how much of the potential habitat will be occupied. The actual 

estimates of potential rooted plant habitat in the Keeyask reservoir are found in Section 3 of the AESV.  

Stephens Lake is considered a proxy for the proposed Keeyask reservoir at about year 30. Therefore, the 

distribution of rooted macrophytes in Stephens Lake was studied to develop a predictive model to 

estimate the extent of potential habitat in the proposed Keeyask reservoir at Year 30. Application of the 

model in the Keeyask reservoir first required an understanding of the habitat requirements by rooted 

macrophytes in Stephens Lake to demonstrate plant and habitat relationships observed in the reservoir. 

Transfer of the model from Stephens Lake to the Keeyask reservoir involved the substitution of existing 

environment variables (e.g., substrate) for pre-flood variables (pre-flood soil type) given that the specific 

composition of substrate in future predictions may not be well known.  

The objectives of the model development were as follows: 

Objective 1: 

To develop a predictive model to estimate the presence or absence of potential habitat for P. richardsonii 

or M. sibiricum in the proposed Keeyask reservoir at year 30. In order to do this, three corollary objectives 

were identified: 

1) To determine the relative importance of select environmental variables that influence the 

distribution of potentially suitable plant habitat in the existing environment of Stephens 

Lake; 

2) To assess how well the distribution of these species can be predicted in the existing 

environment of Stephens Lake; and 

3) To assess any potential decrease in certainty (i.e., model performance) in the model 

intended for application in the proposed Keeyask reservoir when pre-flood surrogate 

variables were substituted for existing environment variables.  

Seven LDA models were derived from data collected in Stephens Lake during the Keeyask aquatic 

studies. The models formed a series of sensitivity trials to understand which measured environmental 
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variables were important in determining the distribution of each species at Year 30. LDA was also used 

to classify the presence or absence of each species, and to evaluate the performance of the classification 

models. 

Objective 2: 

Two study areas were selected in Stephens Lake to validate the area of potential habitat actually occupied 

by plants. In areas of pre-flood mineral soils bathymetric, elevation, slope, and substrate distributions 

were mapped. The areal extent of aquatic plants was mapped using high resolution satellite data and aerial 

polygon sketches.  

3C.2 METHODS 

This section describes the methods used to: 1) develop a predictive model to classify the presence or 

absence of potential habitat for P. richardsonii or M. sibiricum in the proposed Keeyask reservoir at Year 30 

and 2) to determine the area of macrophyte habitat occupied relative to the total suitable habitat available.  

3C.2.1 PREDICTIVE MACROPHYTE MODEL 

The predictive macrophyte model was derived from field data collected from Stephens Lake in mid-

summer 2005 and 2006 that described species, location, depth, slope, and substrate (n = 471) (Map 3C-

1). Each of the two sites selected for validation of the use of suitable habitat (i.e., the amount used relative 

to available) was a reasonable size for complete survey, found in areas of mineral soils prior to flooding 

(i.e., potential habitat), and was bounded by unsuitable habitat along the shore and at depth. These field 

data were associated with pre-flood landcover classification or existing environment variables available in 

digital maps, as described below. 

3C.2.1.1 Wave Energy 

Exposure is a form of fetch distance measurement that describes the “openness” of a site (P. Cooley, 

unpublished computer program) and was estimated to gain an appreciation of the role wave energy has in 

influencing the distribution of rooted aquatic plants. 

As described by Cooley (1999), for each lake or reservoir location in a raster map exposure was estimated 

in metres, as: 

Exposureij = (∑a=1-360Vija)/360 

Where, Vija is the fetch distance from the point i, j, to the shore at a specific angle, a, which ranges from 

0 to 360º. The interval of fetch measurement on the Cartesian grid, i.e., the unit distance for 

measurement, was 5 m. 
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3C.2.1.2 Landcover 

Pre-flood landcover classification is a key input to the model as this allows the aquatic plants present in 

Stephens Lake today to be associated with pre-flood conditions. Pre-flood landcover is a required input 

to this model as the substrate distribution may not be known in a future reservoir. 

Pre-flood landcover classifications that described soils and the thickness of soil strata were used for 

Stephens Lake (pre-flood) (TE SV, Section 2.3.4.2). Three landcover classes were used to describe the 

pattern of soils: 1) peatland, 2) peat veneer (i.e., thin peat over mineral), and 3) dry mineral. Peatland and 

veneer bog are distinguished by the depth of peat being greater or less than 1 m, respectively. Pre-flood 

soils maps in the area of the proposed Keeyask reservoir were generalized from 12 classes to three to be 

consistent with the data available for the pre-flood Stephens Lake area. Table 3C-1 lists the aggregation 

of classes applied in the Keeyask reservoir.  

3C.2.1.3 Distance to Mineral Soil and Peat Depth 

Distance to mineral soil and peat depth are pre-flood variables derived from digital maps. These 

variables, like landcover, serve as proxies for reservoir substrate information but provide better 

descriptors of the relationship of a site to the pre-flood parent material when the pre-flood peat layer was 

thin (i.e., later removed by reservoir processes) or thick. Sites of peat soil that have short distances to 

mineral soil typically are thin peat found on sloped sites on the edge of a low hill. Peat sites that are 

relatively distant from mineral soil topography are typically thick. The minimum distance from each study 

site in Stephens Lake to the nearest location in a polygon depicting mineral soil (pre-flood) was estimated 

by measurement of the distance from each location of interest (a macrophyte study site) to the closest 

part of all mineral soil polygons in the map and outputs the minimum distance measured.  

The mineral soil class was defined as either peat veneer or dry mineral soil.  

3C.2.1.4 Shoreline Delineation, Bathymetry, and Slope  

A shoreline was extracted from high-resolution QuickBird optical image data at an elevation of 140.80 m 

ASL, which is near the 95th water level percentile of the existing environment. A land and water mask was 

created by reclassifying the panchromatic band (0.6 m resolution).  

Water depth data were standardized to the 95th water level percentile using the reservoir surface water 

level (Butnau gauging station) during the survey. Acoustic bottom typing and validation was employed to 

map the depth and bottom types, as described in Appendix 3A.  

3C.2.1.5 Data Attribution and Extraction 

The attribute fields in the modelling database were as follows: 1) easting and northing map coordinates, 

2) presence or absence of either species; 3) water depth standardized to 95th percentile (m); 4) phi 

substrate grain size (dimensionless numbers ranging – 4 to – 10); 5) slope (%); 6) exposure (m); 7) 
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distance to mineral soils (m); 8) peat depth (m). An additional field was coded to 0 and 1 in order to 

create a selection variable for building and testing the classification using cross-validation.  

3C.2.1.6 Macrophyte Model Building Using Discriminant 

Analysis 

The presence or absence of each species of macrophyte in relation to the existing environment and pre-

flood environmental variables was investigated using LDA (Manly 1994) using a forward step-wise 

variable selection method (SPSS version 15). The LDA technique can be used to create and assess the 

classification performance of a predictive classification model and to understand the relative importance 

of the variables included in the classification. The LDA method forms two linear axes, referred to as 

discriminant functions, to maximally separate each species from each other and from the class „absent‟ 

based on the selected existing environment and pre-flood variables. At each step of the forward step-wise 

variable selection procedure the variable that minimized the overall Wilks‟ lambda was entered into the 

equation until probability was not significant (α = 0.05).  

Two sets of LDA trials were employed. The first set (n = 471) contained three LDA trials to demonstrate 

the relative importance of EE and PF variables in controlling plant distribution, and to map the presence 

or absence of potential habitat for each species in the proposed reservoir: i) model 1 included all variables 

to demonstrate the overall trends between the EE and PF attributes, ii) model 2 operated upon the 

existing environment data only, and iii) model 3, the PR model, was intended for application in the 

proposed Keeyask reservoir. Model 3 recognizes that substrate grain size data (i.e., phi) may not be 

available in this future scenario and has been removed from forward stepwise variable selection. In 

particular, the comparison of models 2 and 3 serves to demonstrate the relative importance of the EE 

substrate to that of the PF proxy variables, distance to mineral soil and peat depth, and to understand 

how the change of input variables influences the results of the PR model. The second set of LDA trials 

(i.e., M. sibiricum: models 4 and 5; n = 201, P. richardsonii: models 6 and 7; n = 293) investigated the relative 

importance of the environmental variables to each species by removing the other species of macrophyte 

from the analysis.  

Classification performance was assessed using cross validation. Each LDA model was developed using 

75% of the data to predict class membership (i.e., M. sibiricum, P. richardsonii, absent) for 25% of the 

remaining data for which membership is known. These are referred to as the model and test groups, 

respectively. The model group was populated using every three of four sequential observations in the 

database, ensuring representation from all parts of the area studied.  

3C.2.2 USE OF POTENTIAL HABITAT BY 

MACROPHYTES 

Two validation areas were selected to determine the amount of macrophyte habitat used relative to the 

total suitable habitat available (Map 3C-2). In these areas, data were collected to map in detail the area 

occupied by rooted plants at the water surface and the total area of suitable habitat.  
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The area occupied by rooted plants, including P. richardsonii and M. sibiricum, was captured using Red Hen 

aerial video on-board a Bell Jet Ranger helicopter during field studies in mid-summer in 2005 and 2006 

during the Keeyask studies, and with QuickBird high resolution optical satellite imagery on 2 September 

2006. At each validation area, data were collected to document: 1) a bathymetric map, 2) a slope map, and 

3) a substrate map (field methods are described in Appendix 3A).  

All elevation/bathymetric data were standardized to the 95th water level percentile. 

3C.2.2.1 Classification of Macrophytes Using Satellite Data 

QuickBird high-resolution optical satellite data were used to classify the extent of macrophyte stands in 

each of the two validation areas, referred to a “North” and “South”. Classification of the multispectral 

data (2.4 m) was undertaken on each area using a clustering routine (Eastman 2000), after which the data 

were sharpened to improve spatial and spectral resolution using a 0.6 m panchromatic band and a color 

space transformation. A color space transformation converts true color images between the RGB (red, 

green, blue) and HLS (hue, lightness, saturation) color space. The classified images were compared to the 

raw image data, which showed plant stands clearly, and field diagrams of plant distributions collected by 

low level helicopter survey with aerial video. The class representing macrophytes was extracted from the 

image data and converted to vector format.  

3C.2.2.2 Constraint Criteria Used to Define Potential Habitat 

Water depth, slope, and substrate criteria were used to define the area of suitable habitat in the North and 

South validation study areas. The maximum depth constraint used was 3 m; this was based on the studies 

of maximum plant depth observation in Stephens Lake that showed the maximum depth of macrophyte 

growth was 3.4 m (Section 3.3.2.4); few observations were present deeper than 3.2 m. The slope 

constraint criteria of 6% was also taken from the Stephens Lake studies which showed the maximum 

slope observed for these two species was 6.5%. A 6% slope threshold was used and is comparable to 

published aquatic macrophyte biomass information from temperate Canada that showed maximum 

biomass was on slopes less than 5.33% (Duart and Kalff 1986). The Keeyask aquatic studies 

demonstrated that silt, peat, detritus, and gravel or larger materials are unsuitable substrata for plants in 

Stephens Lake (described in Section 3.3.2.4); as a result, clay, and sandy clay were considered potential 

substrata for the presence of plants in the North and South validation study areas (the substrata classes 

observed in each study area are shown in Figure 3C-2 and Figure 3C-3).  
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3C.3 RESULTS 

3C.3.1 PREDICTIVE MACROPHYTE MODEL 

3C.3.1.1 Relative Importance of Variables from the Existing 

and Pre-flood Environments 

The relative importance of measured environmental variables on the presence or absence of M. sibiricum 

and P. richardsonii are presented using a sensitivity analysis for seven trials with LDA. Models 1–3 

incorporate the full dataset and models 4–7 partition the data to investigate the effects of environmental 

variables on the presence or absence of each species separately.  

LDA provided good separation of each species of macrophyte from „absent‟ in models 1–3 

(Figure 3C-1). An understanding of the relative importance of the variables in discrimination of each trial 

can be gained by examining the standardized canonical discriminant function coefficients (Table 3C-2). 

The absolute values of the coefficients indicate the relative contribution of a particular variable to the 

discriminant function. Each discriminant function is the linear combination of the variables that best 

discriminates among the presence or absence of M. sibiricum and P. richardsonii.  

Models 1–3 show that some overlap in the scatter of points between each species and absent occurs. This 

would be expected when a species has not fully utilized the entire potential habitat available (some 

suitable habitats are unoccupied and are recorded as absent). Overlap in the scatter among both species 

of macrophyte is limited but infers the predicted distributions are, in the strict sense, not mutually 

exclusive. The use of suitable habitat is discussed in Section 3C3.2. 

The results of each LDA sensitivity trial are described below. 

3C.3.1.2 Model 1: The Full Model Derived from All Existing 

Environment and Pre-flood Variables 

The first discriminant function explained most of the variance in the full dataset containing the EE + PF 

data (79%) and was weighted most by substrate grain size (phi) (Table 3C-2; model 1). The substrate type 

in Stephens Lake was the most important variable in determining the presence or absence of either 

species of macrophyte. Water depth contributed most to the discrimination along function 1. The second 

discriminant function was explained mostly by both PF soil variables, most notably minimum distance to 

mineral soil, and exposure.  

The effect of these variables on the discrimination of each species of plant from absent is evident in 

Figure 3C-1A as a separation of both species of macrophyte from absent on function 1, and a separation 

of each species from one another on function 2. 
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3C.3.1.3 Model 2: The Existing Environment Model 

The first discriminant function explained most of the variance in the EE data (87%) and was weighted 

most by phi (Table 3C-2; model 2). Like model 1, the substrate grain size was the single most important 

variable in determining the presence or absence of either species of macrophyte. The first discriminant 

function was weighted also by slope and depth. The contribution of exposure to function 2 was about 

10x that of any other variable, and so this variable dominates any interpretation of pattern along this axis.  

The effect of these variables on the discrimination of each species of plant from absent is evident in 

Figure 3C-1B as a separation of both species of macrophyte from absent on function 1, and a tight group 

of M. sibiricum located at low exposures on function 2.  

3C.3.1.4 Model 3: The Predictive Reservoir Model 

The removal of phi as an explanatory variable in the PR model (model 3), decreased the variance 

accounted for in function 1 to 67% (Table 3C-2; model 3) when compared to models 1 and 2, although 

the discrimination remained strong. The PF soil variables dominated discrimination along the axis of 

function 1, whereas the EE variables dominated function 2. On function 1, the minimum distance to 

mineral soil variable weighted the axis nearly 2x that of peat depth. The second function was weighted 

most by slope and exposure, which were weighted similarly, and to a lesser extent by depth.  

Figure 3C-1C demonstrates a good separation of each species from absent. Function 1 separates 

M. sibiricum and absent from P. richardsonii. Function 2 separates M. sibiricum from P. richardsonii and 

absent.  

3C.3.1.5 Models 4 and 5: Environmental Variables Influencing 

M. sibiricum 

Two sensitivity trials were undertaken to better understand the relative importance of the EE + PF 

variables in explaining the presence or absence of M. sibiricum.  

Stepwise LDA results for model 4 show that phi, slope, and exposure comprise function 1 and explained 

80% of the variance; the stepwise method has removed the depth and both PF soil variables which have 

not significantly improved the model (Table 3C-3). Phi, like that found for models 1 and 3, was again the 

dominant variable determining the presence or absence of M. sibiricum. Model 5, which removed phi from 

the dataset, accounted for 56% of the variance. Both PF soil variables and water depth were dropped 

from this stepwise model. This was not expected given the PF soil variables were the best proxy for phi 

in Model 3. Instead, exposure and slope were the only significant contributors to predict the potential 

habitat of M. sibiricum in model 5. 
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3C.3.1.6 Models 6 and 7: Environmental Variables Influencing 

P. richardsonii 

Two sensitivity trials were undertaken to better understand the relative importance of the EE + PF 

variables in explaining the presence or absence of P. richardsonii.  

Stepwise LDA results for model 6 show that, like all previous models with phi as a candidate variable, the 

substrate type (i.e., grain size) was the primary explanatory variable and explained 80% of the variance. 

Both PF soil variables were the next largest contributing variables to model 6. In model 7, where phi was 

removed, the variance explained decreased to 65%. Both PF soil variables became the dominant 

explanatory variables for P. richardsonii. This was not the case of model 4 for M. sibiricum, but was 

observed earlier in the results of model 3 which included both species. Depth and slope contributed 

significantly to model 7. Although exposure was shown to be important in model 5 for M. sibiricum, it was 

not a significant variable to determine the potential habitat of P. richardsonii. 

3C.3.1.7 Discriminant Model Equations 

The equations resulting from LDA models 1–7 are listed in Table 3C-4. Model 3 was applied to the 

proposed Keeyask reservoir. These equations provide one of several steps required to map the potential 

habitat available for each species of rooted macrophyte.  

3C.3.1.8 Classification Agreement 

Classification agreement for the Model and Test groups was assessed for models 1–3 (Table 3C-5). Cross 

validation results for the Model group represent 75% of the data and provided classification agreement of 

78–85%. The classification agreement of each Test group was similar to the corresponding model group 

(less than 3 % difference). This suggests the sample size for the Model groups was sufficiently large and 

likely represents the full range of multivariate data. 

The overall agreement in classification for models 1–3 of the Test group is good, at 86% for the 

EE + PF model and 81% for the EE and PR models. Agreement was highest for M. sibiricum among all 

Test trials (EE + PF: 95%, EE: 86%; PR 86%) with decreases evident for P. richardsonii (EE + PF: 82%, 

EE: 84%; PR 86%), and absent (EE + PF: 85%, EE: 76%; PR 74%). The decrease in overall 

classification of the Test group from model 1 to models 2 and 3 is small (5%) and the results for the 

latter two models are similar. Results for models 4–7 was to explore the effects of environmental 

variables; these models are unsuitable for classification given they are limited to a binary 

(present/absence) result of a single species, and so cannot account for two species, which is the focus 

here. 
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3C.3.2 USE OF POTENTIAL HABITAT BY 

MACROPHYTES 

In 2005 and 2006 water levels were near the 95th percentile which means all of the potential macrophyte 

habitat available was wetted, and therefore is also suitable. The substrate and depth distributions of the 

validation sites are shown in Figure 3C-2 and Figure 3C-3. In brief, the south validation area is near the 

terminal end of an esker and so has greater availability of aggregate materials, mainly in the form of 

sandy-clay and localised areas of gravel/cobble in comparison to the north validation location which is 

mainly a clay bottom in shallow water. Two methods of area assessment were employed: 1) high 

resolution optical remote sensing to identify clumps of plants, 2) aerial sketches of macrophyte bed 

boundaries based on observations of closely-spaced clumps of plants using hand-drawn polygons from 

low level helicopter survey. The remote sensing approach is most conservative given it senses individual 

plants or those that are tightly spaced. The aerial sketch method is less conservative given that some 

space within a plant polygon may not be occupied, or it may be occupied but not evident at the water‟s 

surface. The total substrate area occupied by plants is probably underestimated by both methods given 

observation is made at the water‟s surface. Comparison of the area of potential habitat occupied would be 

consistent between Stephens Lake and the Keeyask area using the aerial sketch method.  

The use of potential habitat by rooted macrophytes in the two validation study areas show that the areas 

occupied are small relative to the total area suitable (Table 3C-6; Figure 3C-4 and Figure 3C-5). The use 

of suitable habitat in the two study areas differed by method of assessment and ranged from 2.5–3.5% 

when high resolution remote sensing methods were employed (Figure 3C-4 and Figure 3C-5) to 

11-12.2% for aerial sketches (Figure 3C-6). In both cases, the substrate distribution was the primary 

constraint on delimiting suitable habitat although the depth limit and upper limit to silt are often in a 

similar position. Both study areas had unsuitable substrate areas due to peat soils and/or abundant 

detritus along the shore and silt at water depths mostly greater than 3 m. A few locations in the south 

validation study area had depths of water that exceeded the suitable range despite having a suitable 

substrate.  

3C.4 SUMMARY AND CONCLUSIONS 

This Appendix described two main objectives: 1) to develop a predictive macrophyte model; 2) to 

understand the difference in area occupied by rooted macrophytes to the total potential habitat available.  

Seven LDA models were derived from data collected in Stephens Lake. The models form a series of 

sensitivity trials to understand which environmental variables are important in determining the 

distribution of each species when the reservoir is about 30 years old. LDA was also used to classify the 

presence or absence of each species, and also to evaluate the performance of the classification models. 

LDA analyses demonstrated that the distributions of P. richardsonii and M. sibiricum can be predicted by a 

single model with 81% confidence. Models derived from data of the EE performed similarly to a model 

intended for application in the proposed Keeyask reservoir (PR). This suggests there is no apparent 

decrease in confidence of prediction when pre-flood surrogate variables, such as distance to mineral soils 
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and depth of peat, are used as surrogate variables when substrate type in the future reservoir at 30 years 

post-flood is unknown.  

EE Models showed that substrate grain size and depth primarily determined macrophyte distribution in 

the existing environment. Analyses of each species separately, however, reveal that the environmental 

variables influencing the distribution of each species of macrophyte were notably different. The 

distribution of M. sibiricum was determined by substrate type, exposure, and slope. While the distribution 

of P. richardsonii was strongly related to substrate type, depth, and slope, this species was not limited by 

exposure.  

The PR model developed uses pre-flood soil variables as a surrogate for substrate grain size, which is 

assumed to be unknown in this future scenario. PR LDA analyses by species showed that the pre-flood 

soil variables were not important predictors for M. sibiricum but were the most important for 

P. richardsonii, particularly the variable distance to mineral soils. The analyses suggest the potential 

distribution of M. sibiricum would be limited to sites with a combination of low exposure and slope. 

Conversely, the potential distribution of P. richardsonii was not limited by exposure and may be similar to 

that of pre-flood mineral soils found in shallow water of the reservoir. 

The area occupied by aquatic macrophytes was assessed at two study areas on Stephens Lake in areas of 

pre-flood mineral soils. Bathymetric, elevation, slope, and substrate distributions were mapped. Substrate 

type appeared to be the greatest constraint influencing the area of habitat that is suitable for plant growth. 

Areas that are unsuitable for plant growth are typically peat or detrital materials found in shallow water, 

cobble/boulder shorelines, or widespread accumulations of silt in a few meters of water. Water depth 

also appeared to be a constraining variable on plant distribution, but was not as important as bottom 

type. Approximately 11.5% of the potential area was occupied by rooted plants as gleaned using the aerial 

polygon sketch method; this approach is expected to better delineate entire plant beds when compared to 

high resolution satellite data. 

Within acceptable depths the substrate type appeared to be the greatest constraint influencing the area of 

habitat that is suitable. Peat or detrital materials found in shallow water, or widespread accumulations of 

silt in a few meters of water, typically were found outside of a band in shallow water that is suitable for 

plants. The high resolution satellite data suggested about 3% of the habitat that was suitable is actually 

used by rooted macrophytes, but probably is an underestimate given individual clumps of plants in a bed 

can be sensed. The area of potential plant habitat occupied by plants taken from sketches of plant beds 

from helicopter, that include the spaces between plants in a bed, is 11.5% of the potential habitat 

occupied. A conservative estimate of the area occupied for the Keeyask reservoir is 10%.  
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Table 3C-1: Generalization of Keeyask area soil classes to three soil groups present in 

the Stephens Lake pre-flood soil mapping. The Keeyask Soil Classes are 

defined in detail in Section 2 of the Terrestrial Environment Supporting 

Volume 

Keeyask Soil Class Macrophyte Model Soil Group 

Shallow/Thin Mineral 
Mineral 

Deep Dry Mineral 

Wet Organic Veneer or Blanket 
Veneer Bog 

Veneer Bog 

Wet, Deep Peat 

Peatland 

Blanket Bog 

Peat Plateau Bog (PPB) 

Peat Plateau Bog/Collapse Scar Mosaic 

Horizontal Peatland 

Aquatic Peatland 

PPB: Disintegrating/Forming 

Collapse Scar 

 

Table 3C-2: Standardized discriminant function coefficients and percent variance 

explained for three Linear Discriminant Analysis trials using data for both 

species of macrophyte and absent from the existing environment (EE), and 

pre-flood (PF) data. Model 1 used all EE and PF variables. Model 2 used EE 

data only. Model 3 is the Predictive Reservoir model (PR) where substrate 

grain size data may not be available and has been removed from variable 

selection in this trial 

Discriminant 
Function 

Model 1: EE + PF Model 2: EE Model 3: PR 

1 2 1 2 1 2 

Depth 0.266 -0.066 -0.305 -0.101 0.218 0.330 

Exposure 0.002 -0.493 0.049 1.026 -0.184 0.590 

Slope 0.241 -0.291 -0.353 0.090 0.129 0.604 

Phi -0.853 0.215 0.920 0.166 - - 

Mineral soildist 0.343 0.519 - - 0.719 0.023 

Peat depth 0.258 0.317 - - 0.426 -0.026 

% variance 79.4 20.6 87.5 12.5 67.5 32.5 
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Table 3C-3: Standardized discriminant function coefficients and percent variance 

explained on discriminant function 1 for four LDA trials for M. sibiricum 

(models 4 and 5) and P. richardsonii (models 6 and 7) using data from the 

existing environment (EE), and pre-flood (PF). Models 5 and 7 assume 

substrate grain size data may not be available and has been replaced with 

the PF surrogate variables: 1) minimum distance to mineral soils, and 2) 

peat depth 

  Model 4: Model 5: Model 6: Model 7: 

  M. sibiricum M. sibiricum P. richardsonii P. richardsonii 
  EE + PF PF EE + PF PF 

Depth - - 0.215 0.249 

Exposure -0.399 0.768 - - 

Slope -0.435 0.665 0.154 0.199 

Phi 0.867 - -0.766 - 

Mineral soildist - - 0.487 0.748 

Peat depth - - 0.338 0.404 

% variance 0.80 0.56 0.80 0.65 
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Table 3C-4: Fishers discriminant function coefficients derived for seven models using Linear Discriminant Analysis (LDA) 

on data from Stephens Lake representing the existing environment (EE) and Pre-Flood (PF) environments. 

Models 1–3 contain presence and absence of both species of macrophyte. Models 4–7 include data from one 

species and absent. Models 3, 5, and 7 assume the substrate variable phi is unavailable 

Model 

Number 

LDA 

Model 

Number 
of 

Variables 
Class 

 EE PF 

Constant Slope Exposure Depth Phi 
Mineral 
Soildist 

Peat 
Depth 

1 Full Model (EE,PF) 6 M. sibiricum -21.3088 -0.0064 0.0041 1.0857 1.8488 0.0034 0.0858 

   P. richardsonii -17.1923 0.4271 0.0063 1.2640 1.5526 -0.0023 0.0741 

   Absent -17.8007 0.7412 0.0056 1.8758 0.5475 0.0054 0.0930 

2 EE variables 4 M. sibiricum -12.8270 0.1980 0.0010 1.2580 1.9922 - - 

   P. richardsonii -11.5431 0.5145 0.0038 1.4138 1.6689 - - 

   Absent -7.3679 0.9921 0.0021 2.0623 0.7055 - - 

3 
Predictive 
Reservoir 5 M. sibiricum -13.3283 0.0622 0.0034 1.4159 - 0.0035 0.0923 

   P. richardsonii -11.5641 0.4847 0.0057 1.5413 - -0.0022 0.0796 

   Absent -17.1007 0.7616 0.0053 1.9736 - 0.0054 0.0949 

           

4 M. sibiricum 3 M. sibiricum -8.4928 -0.0249 0.0015 - 1.4721 - - 

   Absent -3.6763 0.6892 0.0041 - 0.4904 - - 

5 
M. sibiricum 
predictive 2 M. sibiricum -1.5131 0.2162 0.0016 - - - - 

   Absent -2.9018 0.7695 0.0041 - - - - 

           

6 P. richardsonii 5 P. richardsonii -11.8299 0.4233 - 1.8511 1.2436 -0.0024 0.0492 

   Absent -12.9900 0.6732 - 2.3138 0.3977 0.0050 0.0657 

           

7 
P. richardsonii 
predictive 4 P. richardsonii -7.5573 0.4829 - 2.0199 - -0.0024 0.0546 

   Absent -12.5530 0.6922 - 2.3678 - 0.0050 0.0674 
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Table 3C-5: Classification agreement (%) for existing environment (EE), pre-flood (PF), predictive reservoir models (PR) 

for Linear Discriminant Analysis trials with: 1) both species of macrophyte included (models 1–3) or 2) where 

one species has been removed (models 4–7) to evaluate the variables important to each species. The Model 

group represents 75% of the available data and was cross-validated using the remaining Test data not used 

to build the model 

Model LDA Number of Model Test Test 

Number Variables Variables Agreement (%) Agreement (%) M. sibiricum P. richardsonii Absent 

1 EE + PF 6 85.0 86.0 95.0 82.0 85.0 

2 EE 4 80.0 81.0 86.0 84.0 76.0 

3 PR 5 78.0 81.0 86.0 86.0 74.0 

4 EE + PF 3 90.5 95.5 100.0 - 93.0 

5 PF 2 85.6 91.0 85.7 - 93.0 

6 EE + PF 5 88.7 86.5 - 88.0 84.8 

7 PF 4 79.9 84.4 - 90.0 78.3 
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Table 3C-6: The use of suitable habitat by presence of rooted macrophytes in two study areas on Stephens Lake, in mid-

summer 2005 and 2006 using two methods of aerial assessment  

Habitat area occupied or suitable Method Area (m2) % Occupied % Occupied 

Area occupied - north validation area remote sensing 1627.9 2.5 - 

Area occupied - south validation area remote sensing 5000.1 3.5 - 

Area occupied - north validation area aerial sketch 7222.7 - 10.9 

Area occupied - south validation area aerial sketch 17331.9 - 12.2 

Area suitable - north validation area   66336.8     

Area suitable - south validation area   142577.3     

Average (%)     3.0 11.5 
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Figure 3C-1: Discriminant analysis scatter plots showing three variants of the predictive 

aquatic macrophyte model using data from the existing environment (EE) 

and/or pre-flood (PF) within Stephens Lake. (A) Model 1: full model 

comprised of all six variables; 4 from the EE and 2 from PF data; (B) Model 

2: EE model comprised of all 4 EE variables; (C) Model 3: predictive 

reservoir model comprised of all EE variables except for phi, which is 

accounted for by the PF surrogate variables: i) peat depth and ii) distance 

to mineral soil 
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Figure 3C-2: Substrate (A) and water depth (B) distributions for the North validation study areas in Stephens Lake 

representing a 95th percentile water elevation 
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Figure 3C-3: Substrate (A) and water depth (B) distributions for the South validation study areas in Stephens Lake 

representing a 95th percentile water elevation 
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Figure 3C-4: Distribution of habitat constraints on aquatic macrophyte presence (including slopes more than 6 %) (A), and 

suitability of macrophyte habitat also showing the area occupied by plants relative to that available (B) in the 

South validation study area in Stephens Lake 
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Figure 3C-5: Distribution of habitat constraints on aquatic macrophyte presence (including slopes more than 6 %) (A), and 

suitability of macrophyte habitat also showing the area occupied by plants relative to that available (B) in the 

North validation study area in Stephens Lake 
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Figure 3C-6: Comparison of the distribution macrophyte beds captured using high resolution optical satellite imagery 

(described in preceding figure) and aerial polygon sketches for the north and south validation study areas in 

Stephens Lake 
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3D.1 INTRODUCTION 

A model was developed to estimate the availability of aquatic habitat types to fish and lower trophic 

levels at various time steps after impoundment. Habitat types were defined based on site-specific 

characteristics of aquatic habitat that described each location where fish and lower trophic level samples 

were collected, i.e., water depth, velocity, substrate (compaction and composition) and the 

presence/absence of macrophytes. The model inputs included: existing environment habitat conditions 

in the reach between Clark Lake outlet and Gull Rapids; Year 30 habitat area and distribution predictions 

based on model outputs as described in Section 3.4; predictions of reservoir area expansion peat 

transport rates; plant bed destruction/development; and mode of operation effects on habitat availability. 

The main components of the model were developed in sequence as follows: 

1. Perform area calculations of each habitat type in the existing environment; 

2. Develop area estimates of the habitat types in Year 30 post-Project; 

3. Modify the Year 30 habitat areas in the downstream, more lacustrine portion of the reservoir for 

 intermediate time steps (Years 1, 5, and 15) to account for reservoir expansion over time, peat 

 disintegration and transport, and loss and subsequent establishment of plant beds; and  

4. Estimate useable habitat areas in the IEZ. 

3D.2 HABITAT ANALYSES 

The habitat analyses were conducted in four steps, as listed above.  

3D.2.1 AREA CALCULATIONS OF HABITAT TYPES IN 

THE UPSTREAM PROJECT REACH EXISTING 

ENVIRONMENT  

Aquatic habitat in the Nelson River reaches between the outflow of Clark Lake and the Keeyask GS 

(Upstream Keeyask Area) EE was classified into habitat types based on depth, water velocity, substrate 

compaction and composition, and presence or absence of vegetation. Area calculations of each habitat 

type were performed using GIS analysis methods. As described in Section 3.2 the spatial extent of habitat 

types in this reach was modelled at 95th percentile flow conditions. The area of each habitat type at the 

95th percentile flow condition in the EE is shown in Table 3D-1. Areas of shallow water habitat occupied 

by plants were calculated based on a reach-by-reach and year-by-year analysis of plant bed surveys 

conducted in 2001, 2003, and 2006.   
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3D.2 2 AREA ESTIMATES OF HABITAT TYPES IN THE 

UPSTREAM PROJECT REACH IN YEAR 30 

POST-PROJECT 

Predictions of the types and areas of aquatic habitats that would occur in the Year 30 post-Project 

Upstream Keeyask Area (Keeyask reservoir) were based on predictive habitat models developed in large 

part from studies at Stephens Lake. The area of each Year 30 post-Project habitat type was estimated at 

FSL using the predicted shoreline at 159 metres above sea level (m ASL) under 95th percentile flow 

conditions (PE SV) and at 158 m ASL for the MOL of the reservoir (Table 3D-1).  

3D.2.3. MODIFICATION OF YEAR 30 HABITAT AREAS 

FOR INTERMEDIATE TIME STEPS (YEARS 1, 5, 

AND 15) 

The predicted Year 30 habitat areas were modified to characterize reservoir evolution and associated 

changes to the proportional distribution of each habitat type (Table 3D-1) during the intermediate time 

steps (Years 1, 5, and 15) to account for: 

 Expansion of the Keeyask reservoir over the time series due to shoreline erosion and peatland 

disintegration;  

 Reduction in the area of organic substrates (i.e., peat) in shallow areas over time due to peatland 

disintegration and transport; and  

 Loss and subsequent establishment of aquatic plants beds.  

3D.2.3.1 Habitat Area Modifications Attributed to Shoreline 

Recession/Reservoir Expansion 

Shallow water habitat (depth less than or equal to 3 m) areas were modified (back-calculated) at each of 

the Year 1, 5, and 15 time steps based on an assumption that all of the predicted reservoir expansion in 

the Year 1–30 period (623.7 ha; Section 3) would occur over terrain that would only increase the areas of 

shallow water habitat at FSL. The increase in areas of each habitat type was allocated in proportion to the 

modelled habitat area distributions at Year 30. This was done by multiplying the area of recession in each 

time step (Year 1 = 623.7; Year 5 = 438.9; and Year 15 = 182.0 ha) by the proportional area of each 

shallow water habitat in Year 30 (the area of the shallow water habitat type divided by the total shallow 

water habitat). This recession value was subtracted from each of the Year 30 areas to generate the area of 

each shallow water habitat at each time step. This calculation was only done for the reservoir at FSL as it 

was assumed that the MOL area of the reservoir was the same 30 years after impoundment as it was at 

Year 1 based on the assumption that habitat created by shoreline erosion would be less than 1 m deep. 
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3D.2.3.2 Habitat Area Modifications Attributed to Peat 

Disintegration and Transport  

Estimates of the effect of peat disintegration and transport on the amount of mineral versus organic 

substrate habitats in shallow water environments were based on information that the majority of peat 

disintegration (PE SV Section 6) and transport (PE SV Section 7), and hence mineral exposure, would 

occur in shallow water habitat in the first five years post-impoundment. To back-calculate the amount of 

organic/peat substrates from the Year 30 modelled habitat areas for the interim time steps, it was 

assumed that peat disintegration and transport would be more advanced in later time steps such that 90% 

of the peat disintegration predicted for Year 30 would have occurred by the end of Year 15, 70% by the 

end of Year 5, and 50% by the end of Year 1. Further to this premise, it was assumed that the transport 

of resurfaced and disintegrating peat material (PE SV Section 6) from shallow water habitats would be 

hastened in areas where water velocity was higher as follows:  

Velocity Year 1 Year 5 Year 15 Year 30 

High 100% 100% 100% 100% 

Medium  70% 100% 100% 100% 

Low 60% 80% 90% 100% 

Standing 20% 70% 80% 100% 

The above proportions were subtracted from the Year 30 area of habitat types with mineral substrates at 

each time step and summed to calculate the area of organic habitats. This conversion resulted in the 

creation of a habitat type that only existed in the reservoir in Year 1 (i.e., Shallow, Medium Velocity, Soft 

Organic substrate, No Plants – S-M-s-O-N). 

3D.2.3.3 Habitat Area Modifications Attributed to Aquatic 

Plant Bed Development  

Ten percent of the potential plant habitat area (as defined in Section 3) was estimated to be occupied by 

aquatic plants in Year 30. To account for differences in the area occupied by aquatic plants at both FSL 

and MOL in the intermediate time steps, the proportional area of shallow aquatic habitat types was 

altered assuming that aquatic plant beds would be lost immediately after flooding and would not re-

establish in flooded terrestrial habitat until beyond Year 5. Consequently, in the calculating Year 1 and 5 

habitat areas, all those habitat areas that in Year 30 were predicted to support plant beds were assigned to 

the corresponding habitat category with no plants (e.g., Year 1 and Year 5 Shallow-Low Velocity-Soft-

Mineral-Plants habitat area was added to Shallow-Low Velocity-Soft-Mineral-No plants area). The areas 

occupied by plant beds at Year 15 were estimated to be 25% of the corresponding area of plant 

establishment by Year 30.  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 3: AQUATIC HABITAT   3D-4 

3D.2.4 ESTIMATES OF USEABLE HABITAT AREAS IN 

THE INTERMITTENTLY EXPOSED ZONE 

The effect of two possible modes of operation (peaking and Base loaded modes) on potential fish and 

lower trophic organism use of habitats and habitat productivity was examined. 

3D.2.4.1 Peaking Mode of Operation 

A peaking mode of operation involving weekly cycling of flows as described in PE SV, Section 4.4.2.2 

was used to examine the effects of this mode of operation on potential fish use and the availability of fish 

habitats in Upstream Keeyask Area at Years 1, 5, 15, and 30 post-impoundment. This mode of operation 

indicates that under 50th percentile flow conditions habitats that lie between the FSL and the MOL under 

the same flow conditions could be dewatered on average 50% of the time in any one week period, and 

would therefore not be available to fish.  

Note: for these estimations of effects of the peaking mode of operation on useable habitat areas, the post-Project habitat areas 

at FSL under 95th percentile flows were used as a reasonable approximation of habitat areas that would exist under 

50th percentile flows. It was assumed that for the most part any differences between habitat exposure at 50th percentile flows 

and 95th percentile flows would occur in the upstream, riverine portions of the reservoir (PE Volume) and that those 

differences would not be sufficiently large to meaningfully affect the outcome of the habitat exposure analysis.  

This area of periodic exposure or IEZ was calculated as the difference between the size of the reservoir 

operating at FSL (159 m) and MOL (158 m) at each of the Year 1, 5, 15, and 30 time steps. Because the 

reservoir expands over time at FSL (described in previous section) due to shoreline erosion and peat 

disintegration processes, but was assumed to maintain a relatively constant area over time at the MOL, all 

predicted increases in reservoir area at each time step were attributed to an increase in area of the IEZ.   

For the peaking mode of operation, shallow water habitat areas that would be available to fish were 

calculated for each Year 1, 5, 15, and 30 time step by adding 50% of a habitat’s area within the IEZ to 

that habitat’s area at MOL. IEZ area calculations at each of the Year 1-30 time steps are shown in 

Table 3D-1.  

3D.2.4.2 Base Loaded Mode of Operation 

The Keeyask GS could be expected to operate in a Base loaded mode of operation 12% of the time or 

more (PE SV Section 4.4.2.2). Except in emergencies, the Base loaded mode of operation would only 

occur when the reservoir elevation exceeded the MOL.  

Base loaded operations at FSL were examined for potential effects on the availability and quality of fish 

habitat. The following conditions were examined: 

 For short duration base loaded operation (i.e., any continuous duration less than several months), it 

was considered that fish habitat areas between FSL and MOL would be degraded and therefore 
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would be discounted the same as for the peaking mode of operation (i.e., the IEZ would be 

discounted by 50%). 

 Base loaded operations that continuously persist in excess of several months at FSL may be expected 

to benefit the forage base for fish in shallow water habitat areas within the IEZ. In this case, there 

would be no discounting of the IEZ area of shallow water habitats. 

Base loaded operation of the GS at the MOL (158 m ASL) would result in the loss of the IEZ as fish 

habitat. For this operating scenario, habitat area calculations omitted all habitat areas within the IEZ. 
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Table 3D-1: Habitat-specific area in the existing environment (EE) and four post-Project time steps at 158 m ASL (minimum operating level) and 159 m ASL (full supply level) 

Classification1 

Area (ha) 

EE 
Year 1 Post-Project  Year 5 Post-Project  Year 15 Post-Project  Year 30 Post-Project 

158 159 IEZ2  158 159 IEZ  158 159 IEZ  158 159 IEZ 

S-H-h-M-N 146.1 74.7 78.0 3.3  74.7 78.0 3.4  74.7 78.1 3.4  74.7 78.1 3.4 

S-L-h-M-N 168.0 27.4 42.6 15.2  31.0 48.3 17.3  32.8 52.6 19.8  34.6 56.7 22.1 

S-L-s-M-N 184.1 72.4 92.5 20.2  95.2 125.0 29.8  109.8 154.9 45.1  118.0 173.0 55.0 

S-L-s-M-P 32.1 0.1 0.1 0.0  0.1 0.1 0.0  1.2 1.9 0.7  4.8 8.5 3.7 

S-L-s-O-N 0.0 62.0 74.0 12.0  35.6 47.1 11.4  18.2 26.7 8.5  4.5 8.9 4.5 

S-M-h-M-N 181.2 46.3 60.4 14.2  48.3 63.8 15.5  48.3 64.7 16.4  48.3 65.3 17.0 

S-M-s-M-N 27.5 1.1 10.0 8.9  1.1 11.7 10.6  1.1 12.1 11.0  1.1 12.4 11.3 

S-M-s-O-N 0.0 2.0 4.1 2.1  0.0 0.0 0.0  0.0 0.0 0.0  0.0 0.0 0.0 

S-St-h-M-N 112.7 2.6 4.1 1.5  2.9 4.4 1.5  3.0 4.5 1.5  3.1 4.7 1.6 

S-St-s-M-N 773.4 265.2 415.7 150.5  896.1 1385.5 489.4  1041.3 1780.7 739.5  1274.6 2240.9 966.3 

S-St-s-M-P 175.2 0.0 2.2 2.2  0.0 2.2 2.2  6.4 26.0 19.6  31.8 127.9 96.1 

S-St-s-O-N 0.0 1213.1 2163.8 950.7  582.0 1366.3 784.4  427.9 1177.4 749.5  159.3 743.5 584.3 

St-S-s-O-P 0.0 0.0 0.0 0.0  0.0 0.0 0.0  2.5 9.7 7.3  12.3 51.4 39.1 

D-St-s-M-N 62.1 3014.2 3014.6 0.5  3014.2 3014.6 0.5  3014.2 3014.6 0.5  3014.2 3014.6 0.5 

D-St-h-M-N 64.9 36.4 36.4 0.0  36.4 36.4 0.0  36.4 36.4 0.0  36.4 36.4 0.0 

D-L-s-M-N 133.4 1472.5 1472.5 0.0  1472.5 1472.5 0.0  1472.5 1472.5 0.0  1472.5 1472.5 0.0 

D-L-h-M-N 711.9 792.5 793.2 0.6  792.5 793.2 0.6  792.5 793.2 0.6  792.5 793.2 0.6 

D-M-h-M-N 1608.8 1018.8 1019.5 0.7  1018.8 1019.5 0.7  1018.8 1019.5 0.7  1018.8 1019.5 0.7 

D-M-s-M-N 50.5 0.0 0.0 0.0  0.0 0.0 0.0  0.0 0.0 0.0  0.0 0.0 0.0 

D-H-h-M-N 547.4 207.8 207.8 0.0  207.8 207.8 0.0  207.8 207.8 0.0  207.8 207.8 0.0 

D-St-s-O-N 0.0 32.7 40.3 7.6  32.7 40.3 7.6  32.7 40.3 7.6  32.7 40.3 7.6 

Total 4979.3 8341.8 9532.0 1190.2  8341.8 9716.7 1374.9  8341.8 9973.7 1631.9  8341.8 10155.7 1813.9 

1. Classification Codes: 
 Depth:  S = shallow; D = deep. 
 Compaction:  h = hard; s = soft. 
 Velocity:  H = high; M = medium; L = low; St = standing. 
 Composition:  M = mineral; O = organic. 
 Vegetation:  N = no plants; P = plants. 
2. IEZ = intermittently exposed zone. 
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Access Road Watercourse Crossing Description 

 
Figure 1: Aerial view of Looking Back Creek with the crossing location indicated by the 
 red line and the direction of flow by the white arrow.   
 
 

 
Figures 2 and 3: Upstream view (left photo) and downstream view of Looking Back 
  Creek, with the crossing location indicated by the red line and the 
  direction of flow by the white arrow. 

 

Location 

UTM: 0360595 / 6250077–NAD 83   
Date: 7 October, 2004 

 
Watercourse Name: Looking Back Creek 
Site:  SC – 1 

Site Description Fisheries Assessment 

 
Stream Order: 3 

Watershed Size: 124.7 km
2
 

Upstream of Crossing:
  

119.8 km
2 

Regulated: No 

Channelized: No 

Channel Width: 7.4 m  
Wetted Width: 7.4 m  
Floodplain Width:  Right: 17 m, Left: 14 m 
Maximum Depth: 0.8 m 

Stage: Moderate 

Sign of flood above 
surveyed stage: 0.3 m 

Valley Slope Gradient: Left – 5% Right – 6% 

Stream Gradient: 1% 

Velocity: 0.31 m/sec 

Discharge: 1.32 m
3
/sec 

Cover Type and 
Composition: Total – 80% 

  Over Veg. – 10% 
 LOD – 30% 
 Cutbank – 10% 
 Boulder – 10% 
 In. Veg. – 40% 

Habitat Type: Run – 100% 

Bottom Contour: Uniform 

Substrate Type: Fines – 90%                                                                                        

 Boulder – 10% 

Substrate Compaction: Moderate 
Bank Unstable: 0% 

Water Temperature: 3 °C 

Turbidity: 7.1 NTU 

 
Riparian Vegetation: The creek lies within a relatively narrow, 

well-drained floodplain containing grasses 
and willows. The valley forest is composed 
of black spruce and jack pine with an 
understory of moss, shrubs, and forbs.  

 
Aquatic Vegetation: Yes 
 
Unique Features: n/a   

 
Summary: This crossing is located in the lower portion 

 of the creek, approximately 4 km from 
 Stephens Lake. Habitat in the creek 
 consists primarily of run habitat less than  
 1 m deep, with some side channel pools. 
 Small areas of gravel/cobble riffle occur 
 further upstream from the crossing. The 
 creek substrates are primarily fines with 
 some boulder and cobble/gravel. The 
 presence of beaver dams began 2 km 
 upstream of the crossing, continuing 
 upstream to the headwaters.  

 
Large-bodied Species

1
 

 
Spawning: Yes 

 
Migration: Yes 

 
Rearing: Yes 
 
Overwintering: Possibly 

 
Small-bodied Species

2
 

 
Open-water 
Presence: Yes 

 
Overwintering: Possibly 
 

 

Fisheries Assessment Fish Use and Fish Habitat Summary 

 
Capture Method:  Fall 2004–Backpack Electrofishing, 1.5“ 

   and 3.5”  gill net.  
   Spring 2005 – Hoop net, kick net. 
 
Species Present: Fall 2004–None. 

   Spring 2005 – walleye, northern pike. 
 
Life History Stage: Fall 2004–n/a 

   Spring 2005 – pre-spawn and post-spawn 
   adults. One northern pike egg.  
 

  
This creek provides good habitat for spring and summer 
spawning, foraging, and rearing for small- and large-bodied 
species. Spawning habitat for walleye or suckers was not 
present at the crossing site. Vegetated areas of run habitat 
along the shorelines may be used by northern pike for 
spawning. Overwintering habitat may be present at the 
crossing site in some years but not in others. Habitats in 
the crossing area were common elsewhere in Looking 
Back Creek and no rare habitats were present (i.e., gravel 

riffles, deep off-current pools). Access to the creek from 
Stephens Lake was unimpeded by beaver dams.  

Keeyask Access Road  
Stream Crossing Assessment 

1
  For example: walleye, northern pike, suckers 

2
  For example: sticklebacks, minnows 
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Access Road Watercourse Crossing Description 

 
Figure 1: Aerial view of Unnamed Creek with the crossing location indicated by the red  
 line and the direction of flow by the white arrow.   
 
 

 
Figures 2 and 3: Upstream view (left photo) and downstream view of Unnamed Creek 
  at the crossing location. 

 

Location 

UTM: 0345689 / 6254940–NAD 83   
Date: 6 October, 2004 

 

Watercourse Name: Unnamed Tributary of the 

 South Moswakot River 
Site:  SC– 2 

Site Description Fisheries Assessment 

 
Stream Order: 1 

Watershed Size: 35.5 km
2
 

Upstream of Crossing:
  

4.0 km
2 

Regulated: No 
Channelized: No 

Channel Width: 2.5 m  

Wetted Width: 2.2 m  

Floodplain Width:  Right: 8 m, Left: 8 m 

Maximum Depth: 0.6 m 

Stage: Moderate 

Sign of flood above 
surveyed stage: n/a 

Valley Slope Gradient: Left – 12% Right – 10% 
Stream Gradient: 1% 

Velocity: 0.02 m/sec 

Discharge: 0.02 m
3
/sec 

Cover Type and 
Composition: Total – 60% 

  Over Veg. – 50% 
 LOD – 30% 
 Cutbank – 10% 
 In. Veg. – 10% 
 Canopy Clos. – 80% 

Habitat Type: Pool – 100% 

Bottom Contour: Uniform 

Substrate Type: Fines – 100% 

Substrate Compaction: Low 

Bank Unstable: 0% 

Water Temperature: 1 °C 

Turbidity: 1.5 NTU 

 
Riparian Vegetation: The creek lies within a relatively narrow, 

floodplain containing dense willow growth, 
sedges, grasses, and forbs. The valley 
forest is composed of black spruce with a 
moss understory. Further upstream and 
downstream of the crossing, the creek flows 
through a broad poorly drained floodplain.  

 
Aquatic Vegetation: Yes 
 
Unique Features: Approximately 50 m downstream of the 

crossing, a log ramp has been constructed 
to permit crossing the creek along a cut line.   

 
Summary: This small creek drains two small lakes prior 

 to entering the South Moswakot River 
 (approximately 10 km downstream of the 
 crossing). The crossing is located 
 approximately 1 km from the headwater of 
 the creek. A small beaver dam immediately 
 downstream of the crossing creates a small 
 pool at the crossing site. Several side 
 channels occur within the floodplain.  

 
Large-bodied Species

1
 

 
Spawning: No 

 
Migration: No 

 
Rearing: No 
 
Overwintering: No 

 
Small-bodied Species

2
 

 
Open-water 
Presence: Possibly 

 
Overwintering: No 
 

 

Fisheries Assessment Fish Use and Fish Habitat Summary 

 
Capture Method:  Fall 2004 and Spring 2005 – Backpack 

   Electrofishing 
 
Survey Length:  50 m 

 
Species Present: None 

 
Life History Stage: n/a 

 
 

 
If fish make use of this site it is likely restricted to 
spawning, foraging, and rearing during summer by small-
bodied species such as brook stickleback and fathead 
minnow. Low DO levels or absence of water indicate that 
this habitat does not support fish in winter. The distance 
from overwintering habitat and large number of beaver 
dams reduces the quality of habitat and the likelihood of 
fish use. Habitat in this creek at the crossing site is typical 
for this creek and others in the area.  
 
 

Keeyask Access Road  
Stream Crossing Assessment 

1
  For example: walleye, northern pike, suckers 

2
  For example: sticklebacks, minnows 
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Beaver Dam 

Access Road Watercourse Crossing Assessment 

 
Figure 1: Aerial view of Gull Rapids Creek with the crossing location indicated by the red 
 line and the direction of flow by the white arrow. 

  

Figures 2 and 3: Upstream (left photo) and downstream views of Gull Rapids Creek at 
  the crossing location. 

 

Location 

UTM: 0363277 / 6244594– NAD 83   
Date: 6 October, 2004 

 
Watercourse Name: Gull Rapids Creek 
Site:  SC - 3 

Site Description Fisheries Assessment 

 
Stream Order: 1 

Watershed Size: 5.1 km
2
 

Upstream of Crossing:
  

3.4 km
2 

Regulated: No 

Channelized: No 

Channel Width: 2.0 m  

Wetted Width: Standing water within 

 floodplain for 100 m  

Floodplain Width:  Right:106 m, Left: 15 m 

Maximum Depth: 1.2 m 

Stage: Flood 

Sign of flood above 
surveyed stage: n/a 

Valley Slope Gradient: Left – 6% Right - 5% 

Stream Gradient: <1% 

Velocity Characteristics: slow - not measurable 

Cover Type and 
Composition: Total – 100% 

  Over Veg. – 10% 
 In. Veg. – 90% 

Habitat Type: Pool – 100% 

Bottom Contour: Uniform 

Substrate Type: Fines – 100% 

Substrate Compaction: Low 

Bank Unstable: 0% 

Water Temperature: 5°C 

Turbidity: 2.2 NTU 

 
Riparian Vegetation: The creek lies within a broad floodplain 

vegetated with sedges and willows at the 
margin. The low sloping valley contains 
black spruce and tamarack trees with an 
understory of moss and shrubs such as 
Labrador tea.  

 
Aquatic Vegetation: Yes 
 
Unique Features: Beaver dams located 150 m downstream 

and approximately 1 km upstream of 
crossing.   

 
Summary: The small creek drains a small lake 

 (approximately 1 km upstream of the 
 crossing) into the Nelson River at Gull 
 Rapids, approximately 1 km downstream of 
 the crossing site. Beaver dams affect 
 aquatic habitat in the creek and the area of 
 the crossing was at flood stage due to a 
 beaver dam. Creek substrate is composed 
 of fines overlain by organic material.   

 
Large-bodied Species

1
 

 
Spawning: Possibly 

 
Migration: Unlikely 

 
Rearing: Possibly 
 
Overwintering: No 

 
Small-bodied Species

2
 

 
Open-water 
Presence: Yes 

 
Overwintering: Possibly 
 
Habitat Quality: Poor 

Fisheries Assessment Fish Use and Fish Habitat Summary 

 
Capture Method:  Backpack Electrofishing 

 
Survey Length:  50 m 

 
Species Present: White sucker 

 
Life History Stage: Adult 

 
Abundance (#fish/min.): 0.25 

 
 

 
Fish use is likely restricted to spring spawning and 
foraging, and rearing during summer by primarily small-
bodied species. Low fall and winter water levels likely 
restrict overwintering by fish, while beaver dams present a 
periodic barrier to fish passage both up- and downstream.  
No rare habitats were present (i.e., gravel riffles, deep off-

current pools). 
 

Keeyask Access Road  
Stream Crossing Assessment 

1
  For example: walleye, northern pike, suckers 

2
  For example: sticklebacks, minnows 
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Access Road Watercourse Crossing Assessment 

 
Figure 1: Aerial view of Unnamed Creek with the crossing location indicated by the red  
 line and the direction of flow by the white arrow.   

 
Figures 2 and 3: Upstream view (left photo) and downstream view of Unnamed Creek 
  at the crossing location. 

Figure 4: Downstream view 200 m downstream of the crossing site. 

Location 

UTM: 0371930 / 6244437–NAD 83   
Date: 5 October, 2004 

 

Watercourse Name: Unnamed Tributary of  

 Stephens Lake 
Site:  SC– 4 

Site Description Fisheries Assessment 

 
Stream Order: 1 

Watershed Size: 1.7 km
2
 

Upstream of Crossing:
  

1.53 km
2 

Regulated: No 

Channelized: No 

Channel Width: Two channels with water 

 and standing water in 
 floodplain. 

Wetted Width: 1.5 m and 0.9 m  

Floodplain Width:  Total: 30 m 

Maximum Depth: 0.32 m 

Stage: Moderate 

Sign of flood above 
surveyed stage: n/a 

Valley Slope Gradient: Left – 1% Right - 2% 

Stream Gradient: <1% 

Velocity: slow - not measurable 

Cover Type and 
Composition: Total – 70% 

  Over Veg. – 80% 
 In Veg. - 10% 
 Cutbank – 10% 

Habitat Type: Pool – 100% 

Bottom Contour: Uniform 

Substrate Type: Fines – 100% 

Substrate Compaction: Low 

Bank Unstable: 0% 

Water Temperature: 1 °C 

Turbidity: n/a 

 
Riparian Vegetation: The creek lies within a relatively broad, 

saturated floodplain dominated by sedges 
and willows. The valley forest is composed 
of black spruce and tamarack with an 
understory of willow, Labrador tea, and 
moss.  

 
Aquatic Vegetation: Yes 
 
Unique Features: Approximately 100 m downstream of the 

crossing, the creek enters a forested area 
with a narrow floodplain and thick willow 
growth, where the channel is well defined 
containing some areas with boulder.  

 
Summary: The small creek drains a small-unnamed 

 lake (approximately 750 m upstream of the 
 crossing) into Stephens Lake 
 approximately 400 m downstream of the 
 crossing. The creek channel is braided, 
 shallow and not well defined at the 
 crossing. Beaver dams occur 
 upstream of the crossing, but not 
 downstream.  

 
Large-bodied Species

1
 

 
Spawning: Unlikely 

 
Migration: Unlikely 

 
Rearing: Unlikely 
 
Overwintering: No. 

 
Small-bodied Species

2
 

 
Open-water 
Presence: Yes 

 
Overwintering: No. 
 
Habitat Quality: Moderate. 

Fisheries Assessment Fish Use and Fish Habitat Summary 

 
Capture Method:  Backpack Electrofishing 

 
Survey Length:  20 m 

 
Species Present: None 

 
Life History Stage: n/a 

 
 

 
Fish use is likely restricted to spring spawning, and 
foraging and rearing during summer by small-bodied 
species. Low fall and winter water levels limit overwintering 
by fish. Higher quality habitat is available 100 m 
downstream of the crossing and beaver dams restrict fish 
passage upstream of the crossing. 
 

Keeyask Access Road  
Stream Crossing Assessment 

1
  For example: walleye, northern pike, suckers 

2
  For example: sticklebacks, minnows 
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Access Road Watercourse Crossing Assessment 

 
Figure 1: Aerial view of Gillrat Lake Creek with the crossing location indicated by the 

red  line and the direction of flow by the white arrow.   
 
 

 
Figures 2 and 3: Downstream view (left photo) and right bank of Gillrat Lake Creek 
  at the crossing location. 

 

Location 

UTM: 0372880 / 6244078–NAD 83   
Date: 4 October, 2004 

 
Watercourse Name: Gillrat Lake Creek 
Site:  SC – 5 

Site Description Fisheries Assessment 

 
Stream Order: 1 

Watershed Size: 11.0 km
2
 

Upstream of Crossing:
  

10.9 km
2 

Regulated: No 
Channelized: No 

Channel Width: 3.0 m  
Wetted Width: 1.2 m  
Floodplain Width:  n/a 
Maximum Depth: 0.2 m 

Stage: Moderate 

Sign of flood above 
surveyed stage: n/a 

Valley Slope Gradient: Left – 2% Right – 4% 
Stream Gradient: 2% 

Velocity: 0.06 m/sec 

Discharge: 0.02 m
3
/sec 

Cover Type and 
Composition: Total – 40% 

  Over Veg. – 20% 
 LOD – 30% 
 Cutbank – 30% 
 Boulder – 10% 
 In. Veg. – 10% 
 Canopy Clos. – 100% 

Habitat Type: Pool – 20% 

 Run – 70% 
 Riffle – 10% 

Bottom Contour: Uniform 

Substrate Type: Fines – 40% 

 Cobble – 30% 
 Boulder – 30% 

Substrate Compaction: Moderate 
Bank Unstable: 0% 

Water Temperature: 1 °C 

Turbidity: n/a 

 
Riparian Vegetation: The creek lies within a relatively narrow, 

well-drained floodplain containing dense 
willow growth, grasses, forbs, and sedges. 
The valley forest is composed of black 
spruce, tamarack, willow, and alder. Further 
upstream the creek flows through a broad 
poorly drained floodplain.  

 
Aquatic Vegetation: Yes 
 
Unique Features: The creek contains several cobble/boulder 

riffles and small waterfalls. Two beaver 
dams occur upstream of the crossing.   

 
Summary: This small creek drains Gillrat Lake, a small 

 lake (approx. 2 km upstream of the 
 crossing) into Stephens Lake approximately 
 250 m downstream of the crossing. The 
 creek channel is well defined with abundant 
 cover. Starting 200 m upstream of the 
 crossing and continuing to Gillrat Lake, the 
 creek enters a broad floodplain with a 
 number of beaver dams. 

 
Large-bodied Species

1
 

 
Spawning: Yes 

 
Migration: Unlikely 

 
Rearing: Yes 
 
Overwintering: No 

 
Small-bodied Species

2
 

 
Open-water 
Presence: Yes 

 
Overwintering: No 
 
Habitat Quality: Good 

Fisheries Assessment Fish Use and Fish Habitat Summary 

 
Capture Method:  Backpack Electrofishing 

 
Survey Length:  20 m 

 
Species Present: Northern pike 

 
Life History Stage: Juvenile 

 
Abundance (#fish/min.): 0.25 

 
 

 
Fish use is likely restricted to spring spawning, and 
foraging and rearing during summer. Low fall and winter 
water levels limit overwintering by fish. Fish overwintering 
in Stephens Lake are able to use the lower portion of this 
creek. Beaver dams likely restrict fish passage upstream to 
Gillrat Lake. 

Keeyask Access Road  
Stream Crossing Assessment 

1
  For example: walleye, northern pike, suckers 

2
  For example: sticklebacks, minnows 

 

 

Beaver Dam 
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4.0 LOWER TROPHIC LEVELS 

4.1 GENERAL INTRODUCTION 

Lower trophic levels, as discussed in this document, include all aquatic organisms apart from fish that 

occupy the aquatic environment, including algae, aquatic plants, zooplankton, and macroinvertebrates. 

The overall Aquatic Environment Study Area (Section 1) encompasses a diverse range of habitats, from 

relatively large rivers to streams, a variety of sizes of lakes, and flooded terrestrial areas, and as such 

harbours many lower trophic groups. Changes in the abundance and distribution of these groups as a 

result of chemical and physical changes in habitat are an important linkage to effects to fish. 

The importance of lower trophic levels to fish communities is recognized in the Fisheries Act, which 

includes in the definition of fish habitat, the food sources on which fish depend to carry out their life 

processes (e.g., growth). An understanding of the existing lower trophic level community structure will 

allow for a more accurate prediction of potential impacts of the proposed Generation Project on fish 

populations. 

The lower trophic levels program focussed on four groups, as follows: 

 Phytoplankton (also referred to as algae; Section 4.2); 

 Aquatic macrophytes (also referred to as aquatic plants) and attached algae (Section 4.3); 

 Zooplankton (Section 4.4); and 

 Aquatic macroinvertebrates (Section 4.5). 

For each group, the approach to the assessment (study area, data and information sources, and 

assessment approach), information pertaining to the environmental setting, and assessment of the Project 

effects (during construction and operating periods, mitigation, residual effects, environmental monitoring 

and follow-up) are presented. 

From a biodiversity and conservation perspective, the Aquatic Environment Study Area is not unique. 

The area is similar to the aquatic environment in much of the northern boreal forest of Manitoba, 

Ontario, and western Quebec. Within the lower trophic communities investigated between 1997 and 

2006 no „species of conservation concern‟ were identified. This term includes species that are rare, 

disjunct (discontinuous or separated distribution), or at risk throughout their range, or the portion of 

their range within Manitoba, and in need of further research. Also included are species listed under The 

Manitoba Endangered Species Act and the Species At Risk Act (SARA), and those that have special designation 

by the Committee On the Status of Endangered Wildlife In Canada (COSEWIC). In the York Landing 

Arm of Split Lake in 2000, a previously unreported species of caddisfly in Manitoba, Molannodes tinctus 

(Zetterstedt), was found near the mouth of the Aiken River. This species has been documented in Alaska, 

the Yukon, and sporadically in central Saskatchewan and northern Ontario. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-2 

4.2 PHYTOPLANKTON 

4.2.1 Introduction 

The phytoplankton consists of small, aquatic, plant-like organisms (i.e., algae) that are most often found 

suspended or entrained in the water column. Several groups of freshwater algae comprise the 

phytoplankton: chrysophytes (Chrysophyceae [yellow-green or yellow-brown algae]), diatoms 

(Bacillariophyceae), chlorophytes (green algae), cyanophytes (blue-green algae or cyanobacteria), 

dinoflagellates (Peridineae), cryptophytes (cryptomonads) and euglenophytes (Photo 4-1). Many other 

aquatic organisms rely on phytoplankton, directly or indirectly, as a food source. Consequently, changes 

in phytoplankton abundance or composition can result in changes to invertebrate and fish populations. 

For these reasons, phytoplankton biomass and species composition were determined for lakes sampled in 

the Aquatic Environment Study Area.  

 

Source: North/South Consultants Inc. [P. Badiou], 2004 

Photo 4-1: A type of diatom (Gyrosigma sp.) found in the Aquatic Environment Study 

Area  

Measurement of chlorophyll a (a green pigment found in aquatic plants and algae) in water is commonly 

used as an indicator of the amount (biomass) of algae growing in the water, and in turn, as an indicator of 

the productivity of an aquatic ecosystem. However, this method is not very sensitive and does not 

provide any information on the type of phytoplankton present. Furthermore, because the chlorophyll a 

content varies between species of phytoplankton (0.3–3.0% of dry weight among algal species), the 
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concentration of chlorophyll a may not accurately represent the absolute quantity of phytoplankton 

present (Lee 1980). 

The growth of photosynthetic organisms is limited to the euphotic zone, which extends from the lake 

surface to the lower limit at which there is sufficient light for photosynthesis (depends on water clarity). 

Rates of production by photosynthetic organisms are also strongly affected by the availability of 

nutrients, temperature, and water movement. Of the nutrients, nitrogen and phosphorus tend to be 

required in the largest amounts and their supply frequently determines the quantity and type of producers 

observed. The rates of physiological processes (e.g., photosynthesis, respiration, and reproduction) tend to 

increase with temperature to an upper limit, after which warmer temperatures are harmful. Water 

movement plays a key role in determining the productivity of photosynthetic organisms. A certain degree 

of wave action or mixing within the euphotic zone is essential to maintain supplies of nutrients and 

carbon dioxide; however, excessive mixing can decrease the extent of the euphotic zone by increasing 

turbidity. Because hydroelectric development may affect various factors that influence phytoplankton 

growth and survival (e.g., thermal regimes, nutrient concentrations, water clarity, and hydrological cycles) 

(see Section 2 and Section 3 for assessments of water quality and aquatic habitat, respectively), the 

phytoplankton community may be altered in regulated systems. 

4.2.2 Approach and Methods 

4.2.2.1 Overview to Approach 

The approach taken for the phytoplankton effects assessment was similar to the general approach used 

for other aquatic environment components and was comprised of two major steps: 

 A description of the existing aquatic habitat conditions to provide the basis for assessing the 

potential effects of the Project on these components; and  

 An effects assessment in which the predicted post-Project environment was described and changes 

from existing environment quantified. 

An ecosystem-based approach was employed to assess the potential impacts of the Project on the 

phytoplankton community. Information presented incorporates findings from other aquatic environment 

components (e.g., surface water quality and aquatic habitat). This approach is consistent with the views 

held by the KCNs, and widely held ecological views, that all components of the aquatic environment are 

important to maintaining the whole, and that all organisms are interdependent and, therefore, of 

importance and value. 

The environmental setting is described using several sources of information, including existing published 

information and studies conducted specifically as part of the EIS of the Project between 1999 and 2005. 

Potential Project-related effects on the phytoplankton community were assessed using basic models  

(i.e., simple conceptual models, quantitative models based on changes in habitat area, and qualitative 

empirical models based on observed changes in the environment following similar developments in other 

Manitoba settings and in northern environments). These sources of information and effects assessment 

approaches are described in the following sections. 
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4.2.2.2 Study Area 

The study area for phytoplankton investigations extends along the Nelson River from Split Lake and 

adjoining waterbodies downstream to Stephens Lake in the east (Map 1-2). The magnitude of physical 

change (e.g., changes in water levels and flows) differs substantially among areas (Section 3.2.2) and, 

consequently, the phytoplankton study area was divided into three areas on the Nelson River as follows: 

 Split Lake area (Split Lake and adjoining waterbodies, including Assean Lake and Clark Lake). This 

area is upstream of any direct Project influence. The phytoplankton community in this area was 

described to provide supporting information for studies of surface water quality and other aquatic 

biota (Section 2 and Section 5). 

 Keeyask area (Nelson River extending from the outlet of Clark Lake to approximately 3 km 

downstream of Gull Rapids, i.e., hydraulic zone of influence, and tributary streams). Project-related 

changes to the water regime and direct losses of habitat due to the presence of the generating station 

(GS) will occur within this reach (Section 3.2.2). This area was subdivided at Gull Rapids, as the 

rapids mark a boundary between the reservoir and downstream environment in the post-Project 

environment. 

 Stephens Lake area (Stephens Lake and adjoining waterbodies). This area is immediately downstream 

of the Keeyask area and the Project will not affect the water regime. Stephens Lake, as the reservoir 

of the Kettle GS formed in the early 1970s, provides a useful proxy to assist in predicting effects of 

the Project (Section 1). Changes in the upstream environment as a result of the Project may also 

affect the phytoplankton community in Stephens Lake. 

The majority of lower trophic levels investigations were conducted in the Keeyask area, as this area will 

be directly affected by the Project. Aquatic biota was also described as part of the assessment of the north 

and south access roads stream crossings. 

4.2.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for phytoplankton are detailed below.  

A number of phytoplankton community studies have been previously conducted in the Aquatic 

Environment Study Area. These data collection programs were primarily focussed on the effects of 

hydroelectric generating stations (e.g., construction and operation of the Kettle GS) or on the effects of 

the Churchill River Diversion (CRD)/Lake Winnipeg Regulation (LWR) project and were largely limited 

to GS reservoirs along the lower Nelson River, and Split and Stephens lakes. 

Phytoplankton samples were collected from Split Lake and below the Kettle GS in the early 1970s as part 

of the Lake Winnipeg Churchill and Nelson River Study Board (LWCNRSB) program (Hecky and 

Harper 1974). In the late 1980s, phytoplankton data (including chlorophyll a concentrations) were 

collected in Split and Stephens lakes as part of the Manitoba and Federal Ecological Monitoring 

Programs (MEMP and FEMP) (Livingston 1987, 1988, 1989; Ramsey et al. 1989; Green 1990; Janusz 
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1990a, c; Strange 1990). During the 1990s and early 2000s, limited phytoplankton data were collected for 

Manitoba Hydro by KCNs Members together with North/South Consultants Inc. (NSC) as part of the 

Lower Nelson River Forebay Monitoring Program (included Kettle, Long Spruce, and Limestone 

reservoirs and the lower Nelson River) (Schneider and Baker 1993; NSC 2012). The effects of previous 

hydroelectric development in northern Manitoba on the Split Lake Resource Management Area (RMA) 

were assessed as part of the Split Lake Cree Post-Project Environmental Review (PPER, Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996a, b, c). 

Phytoplankton sampling to determine abundance and community composition was conducted within 

Aquatic Environment Study Area lakes once during the open-water season in 1999, four times during the 

open-water season in 2001 and 2002, and once during the ice-covered seasons of 2001 and 2002. 

Chlorophyll a concentration, a relative measure of phytoplankton biomass, was also measured at the 

majority of water quality sampling locations (2001 to 2004), including several access road stream 

crossings along the north side and south side of the Nelson River (2003 to 2005). The detailed approach 

and methods for phytoplankton community studies conducted between 1999 and 2002 are presented in 

Appendix 4A and those for chlorophyll a sampling conducted as part of the water quality program 

between 2001 and 2005 are presented in Appendix 2C. 

4.2.2.4 Assessment Approach 

Given the complexity of the aquatic ecosystem, models were used for predicting effects of the Project. 

Within the aquatic assessment, the complexity of models employed depended on: the importance of the 

issue; availability of information or suitable models; and utility of modelling approaches. 

Basic model types used to assess potential Project effects on the phytoplankton community were: 

 Simple conceptual models (e.g., alteration in off-current areas with respect to nutrient and total 

suspended solids [TSS] concentrations leads to an effect on phytoplankton biomass). The scientific 

literature was used to describe and support linkages to the Project. 

 Quantitative models based on changes in aquatic habitat area (e.g., calculation of total phytoplankton 

biomass [i.e., „standing stock‟] increase post-impoundment based on the predicted increase in 

reservoir volume) over the short-term and long-term post-Project. 

 Qualitative empirical models based on observed changes in the environment following similar 

developments in other Manitoba settings and in northern environments. For example, Stephens Lake 

was used as a surrogate for long-term post-Project conditions in the Keeyask reservoir. 

The evaluation of certainty for predicted effects was based in part on the agreement of predicted effects 

among the various approaches. 
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4.2.3 Environmental Setting 

4.2.3.1 Overview and Regional Context 

The environmental setting has been described based on available background data and information 

collected during the course of the Keeyask environmental studies. The phytoplankton community in the 

study area has been influenced by past hydroelectric development in northern Manitoba (e.g., Kelsey GS, 

CRD, and LWR). Members of the Tataskweyak Cree Nation (TCN) indicated the effects of hydroelectric 

development included more common occurrences of algae in the Burntwood River, and Split, Clark and 

Gull lakes (E.E. Hobbs and Associates Ltd. 1993 in Split Lake Cree - Manitoba Hydro Joint Study Group 

1996c; Socio-economic Environment, Resource Use, and Heritage Resources Supporting Volume). 

Members of Fox Lake Cree Nation have observed increased amounts of algae in their fishing nets (Fox 

Lake Cree Nation [FLCN] 2008 Draft). 

Eighty-seven taxa of phytoplankton have been recorded in the study area between 1999 and 2002 

(Appendix 4B); however, community composition is discussed below in terms of major groups. None of 

the identified species are listed as invasive on the Invasive Species Council of Manitoba website (Invasive 

Species Council of Manitoba 2012). 

Phytoplankton abundance and composition varied between study area waterbodies and between years. In 

the open-water season, phytoplankton biomass was lower in 2001 than in 2002 and was considerably 

lower during the ice-cover season than during the open water season. In both years, peak phytoplankton 

biomass occurred in June at most sites. Lakes, with the exception of Assean Lake, were dominated by 

diatoms throughout most of the open water season. Phytoplankton biomass in the study area is at the 

lower (oligotrophic-mesotrophic) end of the general range reported for temperate zone waterbodies 

(Kalff and Knoechel 1978; Heinonen 1980 and 1982). The seasonal progression of the phytoplankton 

communities followed the general trend of early summer diatom peaks proceeded by an increase in 

cyanophytes/chlorophytes or cryptophytes in late summer and then a secondary peak in diatoms in fall. 

In the Assean River system, phytoplankton biomass in the open water season was generally much lower 

and the relative abundance of algal groups such as chrysophytes, chlorophytes, euglenophytes, and 

dinoflagellates were usually greater. 

Chlorophyll a concentrations varied during the open water season. Seasonal mean chlorophyll a 

concentrations were generally similar among years for all sites. Typically, chlorophyll a concentrations 

were lowest in spring. Mean chlorophyll a concentrations at sites located off the mainstem of the 

Burntwood/Nelson River system, such as Assean Lake, and the Gull Lake tributary sites were low 

relative to those recorded on the mainstem. The absence of consistent differences in chlorophyll a 

concentrations among sites over a considerable area of study suggests that the presence of lakes does not 

result in an overall increase in phytoplankton as water moves through the study area. Primary production 

is typically limited under ice-cover due to low temperatures and reduced light levels and, as expected, 

chlorophyll a was consistently lower and often undetectable in samples collected under the ice. The range 

of chlorophyll a concentrations observed in study area waterbodies was indicative of oligo- to 

mesotrophic conditions. Seasonal variations in the phytoplankton community and chlorophyll a 
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concentrations are typical of north temperate ecosystems where light and temperature vary considerably 

over the year. 

Suitable growing conditions for phytoplankton are strongly influenced by the stability of the water 

column. Studies in several northern Manitoba lakes and reservoirs have indicated that the available 

phosphorus does not limit phytoplankton growth (e.g., Southern Indian Lake, Hecky and Kilham 1988). 

Rather, phytoplankton growth is limited by wind-induced turbulence in combination with turbid water. It 

is unlikely that phytoplankton are a major source of production in most regions in the study area given 

that the water is turbid, wind-induced wave action causes considerable mixing, and retention time of 

water is relatively short. 

The range of chlorophyll a concentrations observed in Keeyask waterbodies was indicative of low to 

moderate levels of primary productivity (oligo- to mesotrophic conditions). Overall, there is poor 

correlation between phosphorus and chlorophyll a in the study area, which indicates that factors other 

than nutrients limit algal growth (Section 2.4.2.1.5). This is further supported by concentrations of 

phosphorus and the low phytoplankton biomass observed in the study area. A higher trophic status 

would be assigned to the study area on the basis of phosphorus concentrations than on the basis of 

chlorophyll a concentrations. Phosphorus concentrations in the study area reflect meso-eutrophic to 

eutrophic conditions based on the Canadian Council of Ministers of the Environment categorization 

schemes (CCME 2004). 

Phytoplankton composition and biomass within the study area are comparable to other waterbodies in 

northern Manitoba (Manitoba Hydro and Nisichawayashik Cree Nation [NCN] 2003). Lakes of the 

Burntwood River system, including Cranberry, Sesep, Wuskwatim, Opegano, Birch Tree and Kinosaskaw 

lakes, Wuskwatim Brook, and portions of the Burntwood River had similar phytoplankton community 

seasonal trends and variability as observed for lakes in the study area. 

Similar to the Keeyask area lakes, phytoplankton biomass in the Burntwood River system generally 

peaked in June when diatoms dominated the community. As the season progressed, diatoms decreased in 

biomass while cyanophytes, chlorophytes, or cryptophytes increased. By fall, diatoms generally dominated 

the phytoplankton community again. Similar to the study area, cyanophyte blooms occurred in late 

summer in the Burntwood River system. 

Phytoplankton biomass was also found to be greater in the Burntwood River system during the open 

water season than during the ice-cover season. 

4.2.3.2 Split Lake Area 

4.2.3.2.1 Split and Clark Lakes and the Nelson River System 

Dominant phytoplankton genera in Split Lake in the early 1970s and late 1980s were seasonally variable, 

changing from a diatom dominated community in early summer/spring to one dominated by 

cryptophytes and chlorophytes in late summer. In some years, diatoms remained dominant throughout 

the open-water period and in other years cyanophytes dominated the community in July and August 

(Hecky and Harper 1974; Livingston 1987, 1988, and 1989; Janusz 1990a). Generally, maximum algal 

biomass observed in the Nelson River system (Split Lake included) in 1972 was less than that observed in 
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the Churchill and Rat-Burntwood River system (Hecky and Harper 1974). The lower net production was 

probably due to the lower transparency and lower residence time of water in the lakes of the Nelson 

River system. 

Mean phytoplankton biomass in Split Lake in 1987–1988 was 25–50% higher than reported in 1972-73. 

Major differences in community composition between the pre- and post-CRD/LWR studies included the 

generally low importance of cyanophytes in 1987–1988 and the greater importance (at least in 1987) of 

diatoms, compared to the findings from 1972 (Ramsey et al. 1989). 

Similar to other sites in the study area, phytoplankton biomass in Split and Clark lakes was lower in 2001 

than in 2002 (Table 4-1). Peak phytoplankton biomass generally occurred in spring (Figure 4-1 and 

Figure 4-2) and was approximately four to 148 times greater in the open water season relative to the ice-

cover season. 

In spring, diatoms were the dominant algal group at all sites in Split and Clark lakes (Figure 4-1 and 

Figure 4-2). In early summer, diatoms remained dominant at the majority of sites. In late summer 2001, a 

cyanophyte bloom occurred at most sites, such that cyanophytes were either the dominant algal type or 

co-dominant with diatoms. A cyanophyte bloom did not occur in Split or Clark lakes in 2002; however, 

the relative abundance of diatoms was typically lower in late summer than early summer throughout the 

area. In late summer 2002, chlorophytes were the dominant algal group at the downstream end of Split 

Lake while cryptophytes were the dominant algal group at the upstream end of the lake. At this time, 

cryptophytes were also a significant portion of the phytoplankton community at three other sites (SPL-4, 

-6, and -8). In fall, diatoms were again the dominant algal species in the lakes. 

Large chrysophytes generally comprised a small component of the phytoplankton community throughout 

the open-water season in Split and Clark lakes. Other algal species identified were euglenophytes and 

dinoflagellates. The contribution of these groups to the phytoplankton biomass of the two lakes was 

generally small and their presence was variable between sites and times. 

Under the ice, diatoms generally dominated the phytoplankton community in Split Lake in both years 

(Figure 4-3). Unlike other samples collected in Split Lake, the phytoplankton composition at the site 

located near the mouth of the Aiken River (SPL-5) in 2002 was co-dominated by dinoflagellates and 

cryptophytes (Figure 4-3). 

Chlorophyll a concentrations in the area ranged from less than 1 to 15 micrograms per litre (µg/L) during 

the open-water season, and from less than 1 to 2 µg/L under the ice (Table 4-2 and Table 4-3). 

Chlorophyll a concentrations in the area were similar to other mainstem sites throughout the study period 

(Figure 4-4). Based on the open-water values, trophic categorization schemes for lakes would classify 

Split and Clark lakes as mesotrophic, while a trophic categorization scheme developed for streams would 

classify the Burntwood and Nelson mainstem and tributary sites as oligotrophic (Table 4-2). 

4.2.3.2.2 Assean River System 

Phytoplankton biomass, composition, and seasonal succession in Assean Lake were different from other 

sites within the study area. In both years, phytoplankton biomass was lowest in Assean Lake (Table 4-1). 

The phytoplankton composition in Assean Lake was more diverse relative to sites on the 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-9 

Burntwood/Nelson River system and, generally, the algal species in Assean Lake were different from 

those at other sites.  

The relative abundance of diatoms was much lower in Assean Lake than in the rest of the study area 

throughout the open water season, and the diatom species that were found in Assean Lake differed from 

the species found at other sites. 

Phytoplankton composition during the ice-cover season on the Assean River system was very different 

from the composition observed on the Burntwood/Nelson River system. Furthermore, phytoplankton 

composition within Assean Lake was quite variable between sites and years. During the 2001 ice-cover 

season, the phytoplankton community in the west basin was dominated by chrysophytes, while 

chrysophytes and euglenophytes co-dominated the phytoplankton biomass in the east basin (Figure 4-3). 

In winter 2002, diatoms dominated the phytoplankton community in the west basin, while euglenophytes 

dominated the phytoplankton biomass in the east basin (Figure 4-3).  

Chlorophyll a concentrations in Assean Lake were lower and less variable than other sites within the Split 

Lake area (Figure 4-4). Chlorophyll a concentrations ranged from 1–6 µg/L during the open water season 

and from less than 1 to 2 µg/L during the ice-covered season (Table 4-2 and Table 4-3). Based on the 

open water values, Assean Lake would be classified as oligotrophic-mesotrophic using trophic 

categorization schemes for lakes, which is less productive than the other lakes in the study area 

(Table 4-2). 

4.2.3.3 Keeyask Area 

No data or assessment of the effects of hydroelectric development on the phytoplankton community 

prior to 1997 in the reach of the Nelson River between Clark Lake and Stephens Lake were located in the 

published literature. 

The phytoplankton community sampled in the Keeyask area as part of the environmental studies was 

similar to sites within the Burntwood/Nelson River during both the open water and ice-covered seasons 

(Figure 4-1 and Figure 4-2). Phytoplankton composition was similar at all locations within the area and 

was dominated by diatoms (Figure 4-1 and Figure 4-2). Cyanophytes, chlorophytes, and cryptophytes 

were also present. 

In early summer, chlorophytes increased in relative abundance in Gull Lake; this did not occur at Gull 

Rapids or at the other sites in the Burntwood/Nelson River system (Figure 4-1 and Figure 4-2). In late 

summer 2002, cryptophytes were an important component of the phytoplankton community at the 

downstream site in Gull Lake, as was observed at several sites in Split Lake.  

Chlorophyll a concentrations recorded in 1999 were lower than those typically observed within the 

Keeyask area in the fall of other sampling years (Table 4-2). Between 2001 and 2004, chlorophyll a 

concentrations within the area were similar to other mainstem sites in the study area. However, in 2003, 

one site downstream of Birthday Rapids recorded chlorophyll a concentrations well above the usual 

winter range: at Gull Rapids where the chlorophyll a concentration was approximately four times higher 

than the open water mean at that site, and was the single highest concentration recorded in the study 

area. 
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Chlorophyll a concentrations measured in small tributary streams of Gull Lake were found to be lower 

than concentrations in the remainder of the study area (Figure 4-4). 

Based on the open water chlorophyll a values, trophic categorization schemes for lakes would classify 

Gull Lake as mesotrophic, while a trophic categorization scheme developed for streams would classify 

the Nelson River mainstem and tributary sites as oligotrophic (Table 4-2). 

4.2.3.4 Stephens Lake Area 

Considerable year-to-year variation in mean phytoplankton biomass observed pre-CRD/LWR (1972–

1973) in the newly formed Kettle Reservoir/Stephens Lake (Hecky and Harper 1974) persisted into the 

late 1980s (Ramsey et al. 1989). As a result, there was no clear difference in mean phytoplankton biomass 

between pre-CRD/LWR and MEMP studies. 

Prior to development, the phytoplankton community was distinctive from that found on the mainstem 

Nelson River; cryptophytes dominated the community in both 1972 and 1973 (Hecky and Harper 1974). 

In contrast, cryptophytes were not important contributors to community biomass on average post-

CRD/LWR (Ramsey et al. 1989). Despite this change in community composition, the pattern of seasonal 

biomass fluctuation remained the same (highest in June and lowest in late summer). 

As was observed in the early 1970s, phytoplankton biomass and composition varied considerably 

between MEMP study years (1987 and 1988) and among areas of the lake (Ramsey et al. 1989). There 

were no consistent differences in biomass or composition noted between backwater and mainstem 

sampling locations even though flushing rates on the mainstem locations were greater. Despite the 

considerable year-to-year variation in both studies, standing biomass in 1987–1988 was greater than in 

1972–1973 (Ramsey et al. 1989). 

Stephens Lake was similar to other sites in the study area in terms of overall phytoplankton biomass, 

composition, and seasonal succession. Relative to most other sites in the system, however, chlorophytes 

were high at the upstream site in Stephens Lake during the spring of 2002 (Figure 4-2). Additionally, in 

the early summer of 2002, cryptophytes contributed substantially to the total algal biomass at this same 

site. Under the ice in March of 2002, cyanophytes constituted a relatively high percentage of the biomass 

at the upstream site and, similar to Assean Lake, euglenophytes were present at the other site in Stephens 

Lake. 

Chlorophyll a concentrations in this area ranged from 1–16 µg/L during the open water season and from 

less than 1 to 6 µg/L during the ice-covered season. This is similar to other mainstem sites. The highest 

chlorophyll a concentration measured during the open water season was in 2002 in Stephens Lake near 

the town of Gillam water intake (Figure 4-4). Based on the open water values, the trophic status of 

Stephens Lake was similar to other lakes in the study area and would be considered mesotrophic 

(Table 4-2). 

4.2.3.5 Access Road Area 

To obtain some measure of algal biomass, chlorophyll a samples were obtained during the open-water 

seasons of 2003, 2004, and 2005 (May only) at eight proposed Keeyask GS access road stream crossings 
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sites, three on the north side of the Nelson River and five on the south side. Chlorophyll a 

concentrations ranged from less than 1 to 16 µg/L on the north side and from less than 1 to 5 µg/L on 

the south side (Table 4-4). Overall, chlorophyll a concentrations in 2003 were higher than those in 2004 

(Table 4-4). Based on chlorophyll a concentrations, these sites were classified as oligotrophic and 

therefore representative of relatively low productivity (Dodds et al. 1998). 

4.2.3.6 Current Trends 

Historic phytoplankton community data were located for Split and Stephens lakes. These data were 

collected from Split Lake in the early 1970s as part of the LWCNRSB program and from Split and 

Stephens lakes in the late 1980s as part of the MEMP and FEMP. Comparison of these data sets with 

phytoplankton data collected as part of the Keeyask environmental studies for the purpose of assessing 

current trends is limited. There were differences in sampling and analytical methods employed among the 

studies, and phytoplankton abundance and composition varied considerably within waterbodies and 

among study years. However, qualitative comparisons of phytoplankton data over time are presented. 

Generally, mean phytoplankton biomass appears to have increased in Split Lake, but not in Stephens 

Lake, since the early 1970s. However, phytoplankton biomass in the current study area remained at the 

lower (oligotrophic-mesotrophic) end of the general range reported for temperate zone waterbodies. The 

current seasonal progression of the phytoplankton communities in Split and Stephens lakes continued to 

follow the general trend observed historically of early summer diatom peaks proceeded by an increase in 

cyanophytes/ chlorophytes or cryptophytes in late summer and then a secondary peak of diatoms in fall. 

However, as was observed in the 1970s and 80s, phytoplankton abundance and composition varied 

between study years and among areas of the lake. In Split Lake, major differences in community 

composition between the pre- and post-CRD/LWR studies included the generally low importance of 

cyanophytes in the late 1980s in comparison to the early 1970s; however, in late summer 2001, a 

cyanophyte bloom occurred at most sites in Split Lake, such that cyanophytes were either the dominant 

algal type or co-dominant with diatoms. Cryptophytes dominated the Stephens Lake community in the 

early 1970s, but were not important contributors to community biomass in the late 1980s, however, in 

the early summer of 2002, cryptophytes contributed substantially to the total algal biomass in some areas 

of Stephens Lake. 

Throughout the environmental studies, chlorophyll a concentrations for Split and Stephens lakes were all 

within the ranges observed at similar locations sampled between 1986 and 1989 (Green 1990; Ramsey 

1991). From 2002 to 2004, the range of chlorophyll a concentrations measured in Split Lake was similar 

to samples collected near the community of Split Lake between 1980 and 2001 (Manitoba Water 

Stewardship 2002). However, in 2001, the range of chlorophyll a concentrations measured in Split Lake 

in this study exceeded the range reported by Manitoba Conservation. 

Parameters that appear to have changed notably (temporal trend) in the north arm of Stephens Lake 

since the 1970s include chlorophyll a (Appendix 2E); mean chlorophyll a concentration measured in 2004 

was lower than in the 1970s and 80s in the north arm of Stephens Lake and concentrations were also 

lower in 2004 in the north arm relative to the southern mainstem portion of the lake. Evaluation of 

potential temporal changes in the southern area of Stephens Lake from the 1970s to 2004 (open water 
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seasons) indicated that mean chlorophyll a concentrations have ranged from approximately 3 to 8 μg/L 

(Appendix 2E, Figure 2E-7) in the southern area of the lake. Generally, the data indicate a fair amount of 

variability within a given sampling year and there are no temporal trends immediately evident from this 

information. 

4.2.4 Project Effects, Mitigation and Monitoring 

4.2.4.1 Construction Period 

The following section considers potential effects related to the construction of the GS and south access 

road, and operation of the construction camp and north and south access roads during the construction 

period. The construction of the north access road was assessed in the Keeyask Infrastructure Project 

Environmental Assessment Report (KIP EA) (Keeyask Hydropower Partnership Ltd. 2009). Stream 

crossing locations are provided in Map 1-4. 

An assessment of potential Project effects on the phytoplankton community during the construction 

period is based on the assessment of construction-related effects to surface water quality (Section 2.5.1, 

Table 2-12). The primary potential effect(s) on phytoplankton is related to inputs affecting water quality, 

such as increases in TSS concentrations and related variables (i.e., turbidity) due to in-stream activities 

(e.g., cofferdam placement and removal, river impoundment and diversion) and nutrient inputs (e.g., with 

treated sewage effluent discharge to the mainstem of the Nelson River, with particulate materials  

[i.e., TSS]). It is expected that construction effects (i.e., inputs affecting water quality) will be managed 

through appropriate mitigation measures (Section 2.5.1), thereby reducing the duration and magnitude of 

any construction-related effects on the phytoplankton community. 

Currently, phytoplankton biomass is relatively low at flowing water sites; phytoplankton tend to be 

relatively unimportant in lotic environments, as these planktonic organisms cannot maintain positive net 

growth rates (Hynes 1970). 

4.2.4.1.1 Upstream of the Outlet of Clark Lake 

No construction-related effects on the phytoplankton community are expected upstream of the outlet of 

Clark Lake as there are no linkages between Project construction and surface water quality in Split, 

Assean, or Clark lakes (Section 2.5.1). 

4.2.4.1.2 Downstream of the Outlet of Clark Lake 

The following sub-sections present the assessment of potential effects of construction activities on the 

phytoplankton community in the Keeyask area and downstream. 

Changes to Water Quality 

Total Suspended Solids, Turbidity, and Water Clarity 

Overall, the activities with the greatest potential to increase TSS concentrations in the lower Nelson River 

during construction of the GS are related to cofferdam placement and removal, and river impoundment 

and diversion (Section 2.5.1.1). Effects of suspended fine sediments on phytoplankton are likely primarily 
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related to its effect on light penetration; light attenuation by inorganic turbidity decreases the fraction of 

light absorbed by photosynthesizing algae. Generally, the installation and removal of cofferdams will 

generate an increase in TSS of less than 5 milligrams per litre (mg/L) above background (Section 2.5.1). 

Larger TSS increases are expected to be of relatively small magnitude and short duration. Peak levels are 

predicted to be up to 15 mg/L for one day or up to 7 mg/L for one month (Section 2.5.1). Increased 

TSS concentrations may be detectable in the river immediately below the construction site, but would 

diminish by approximately 30% through Stephens Lake. Increases downstream of the Kettle GS would 

be approximately 2 and 5 mg/L for one month periods during Stage II construction, and attenuate 

further downstream. Drainage of surface runoff to the Nelson River will be controlled through a 

Drainage Management Plan (as described in the Project Description Supporting Volume [PD SV]) to 

minimize the amount of sediment produced and the potential for sediment to enter watercourses. If the 

TSS concentration in water pumped out of cofferdam and excavation areas and in concrete wash water is 

greater than 25 mg/L the water will remain in a settling pond until it meets this TSS criterion before 

being discharged to the Nelson River. As the magnitude and duration of any increases in TSS are typically 

within the 30-day Manitoba Water Quality Standards, Objectives, and Guidelines (MWQSOG) for the 

protection of aquatic life (PAL) (an increase of 5 mg/L above background where background is less than 

or equal to 25 mg/L), the phytoplankton community may be somewhat negatively affected in this 

downstream environment as photosynthetic efficiency may be reduced, thereby somewhat limiting 

primary production (i.e., small, undetectable reductions in phytoplankton biomass may occur in areas 

affected by elevated TSS concentrations during the construction period). 

Nutrients 

Nutrient (nitrogen and phosphorus) inputs with treated sewage effluent discharge to the mainstem of the 

Nelson River are not expected to be detectable in the fully mixed river condition, but concentrations may 

be elevated in the vicinity of the effluent outfall (Section 2.5.1.3.3). Additionally, any increases in nutrients 

associated with expected increases in particulate materials (i.e., TSS) are expected to be small. As the 

expected level of increase in nutrient inputs to the Nelson River during the construction period is small, 

nutrient inputs will not have a measurable effect on phytoplankton beyond the immediate receiving 

environment. During the latter stage of the Stage II Diversion, when water levels are increased to near 

full supply level (FSL), flooding of organic materials is expected to lead to nutrient release to surface 

waters, thereby increasing concentrations of nutrients, notably over flooded habitat. These effects  

(i.e., due to reservoir impoundment) are discussed in detail in the assessment of operation-related effects 

in Section 2.5.2.2 for surface water quality and Section 4.2.4.2 for phytoplankton. 

Metals and Contaminants 

Small amounts of metals will be introduced into the aquatic environment in association with construction 

activities that release sediments, as discussed in Section 2.5.1.6. However, given the proposed mitigation 

measures to manage sediment levels, these inputs are not expected to cause marked increases in metal 

levels and, consequently, will have no detectable effect on the phytoplankton community. 

The presence and levels of hydrocarbons in the aquatic environment could potentially be affected by 

accidental spills or release of substances containing hydrocarbons (e.g., diesel fuel, gasoline, lubricating oil, 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-14 

etc.). Other hazardous substances will also be used during the construction period. As described in 

Section 2.5.1.6, the release of significant quantities of hazardous substances to the aquatic environment as 

a result of accidental spills and releases is considered unlikely due to the development and 

implementation of good management practices. 

4.2.4.1.3 South Access Road Stream Crossings 

No response is expected as effects to surface water quality are predicted to be small due to the 

application of various mitigation measures (Section 2.5.1.7). Additionally, phytoplankton tend to be 

relatively unimportant in small streams and other lotic environments as these planktonic organisms 

cannot maintain positive net growth rates due to a variety of reasons, including downstream losses 

(Hynes 1970). The algae in the water column are typically benthic species sloughed from the stream bed. 

4.2.4.1.4 Net Effects of Construction with Mitigation 

Collectively, the above assessment points to the potential for small decreases in phytoplankton biomass 

during the construction period, most likely due to a reduction in light penetration from increases in TSS 

concentrations. Changes in biomass would occur over the short-term downstream of the outlet of Clark 

Lake 

4.2.4.2 Operation Period 

Phytoplankton (and therefore chlorophyll a concentrations) in large rivers are generally influenced by: 

concentrations of nutrients required for growth (i.e., nitrogen and phosphorus); water temperature; light 

availability; and physical conditions in the river such as turbulence and velocity. Because hydroelectric 

development may affect various factors that influence phytoplankton growth and survival (i.e., thermal 

regimes, nutrient concentrations, water clarity, and hydrological cycles), phytoplankton (biomass, 

community composition) may be altered in regulated systems. 

4.2.4.2.1 Upstream of the Outlet of Clark Lake 

No response is expected. Selection of a 159 m above sea level (ASL) reservoir elevation instead of a 

higher elevation will avoid Project-related effects as the Split Lake area is beyond the upstream extent of 

the expected hydraulic zone of influence. 

4.2.4.2.2 Outlet of Clark Lake to the Keeyask Generating Station 

Potential Project Effects and Proposed Mitigation 

Operation-related pathways (i.e., linkages to the Project) that were assessed for potential effects to the 

phytoplankton community included: changes in surface water quality (decrease in TSS along mainstem; 

increase in TSS, nutrients, organic carbon, colour in off-current areas for the initial period post-

impoundment) (Section 2.5.2) and changes in reservoir water residence time (increase in water level and 

volume, reduction in water velocity) (Section 3.4.2.2). Summaries of predicted responses of 

phytoplankton to changes resulting from the operation of the Project are presented in Figure 4-5. Where 

feasible, the effects of these pathways were considered using modelling exercises (e.g., quantification of 
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potential effects), empirical information from Stephens Lake and other reservoirs in northern Manitoba, 

reservoirs in other northern temperate areas, and the scientific literature. 

Assessment of Operation-Related Effects 

Modeling Approach 

Impoundment of rivers is generally associated with a large increase in phytoplankton biomass due to 

nutrient enrichment and increased water retention time (Henriques 1987). However, detectable changes 

in mean phytoplankton biomass along the mainstem are not expected as increased water residence time 

will remain too short to permit a measurable increase in phytoplankton biomass; although total biomass 

(„standing stock‟) would increase with the predicted increase in reservoir volume (approximate doubling 

in comparison to the existing environment) (Section 3.4.2.2). The lack of detectable effects may be 

attributed to high water flushing rates through the mainstem portion of the reservoir (i.e., post-Project 

water residence time will be in the order of 15–30 hours, depending on flow; Section 3.4.2.2). Short 

retention times are often associated with high turbulence and a lack of thermal stratification; 

phytoplankton require a minimum retention time to allow development (McCartney et al. 2000). If rates 

of water movement through a reservoir exceed a few millimetres per second, little plankton will develop 

(Hynes 1970). 

Off-current areas could experience periodic phytoplankton blooms (i.e., small to moderate increases in 

biomass), depending on the balance between the positive effect of increased nutrients and the negative 

effect of light depletion, as water residence time in bays is estimated to be substantially longer than in the 

mainstem and could be up to one month long (Section 3.4.2.2). Reduced light transmission may 

moderate the effect of nutrient loading. High dissolved organic carbon (DOC) concentrations can affect 

primary productivity by influencing light penetration and adding carbon for processing. For example, 

benthic diatoms and total diatom concentrations increased significantly during conditions of high DOC 

concentrations and low water transparency, whereas planktonic forms decreased , in subarctic lakes 

(Pienitz and Vincent 2000). In Southern Indian Lake, northern Manitoba, high DOC concentrations 

decreased light penetration sufficiently to cause a switch from nutrient to light limitation of primary 

production (Hecky and Guildford 1984). Initial post impoundment conditions may favour bacteria over 

phytoplankton (Paterson et al. 1997). The addition of large amounts of newly flooded terrestrial organic 

matter may stimulate bacterial activity (increase the flow of carbon to higher trophic levels through the 

detrital pathway) and increase bacterial biomass (post-flooding food resource for zooplankton) in the 

medium term (5–10 years post-impoundment) instead of phytoplankton. Large increases in methane and 

CO2 production following flooding would provide an indication of increased bacterial production.  

Information from Other Reservoirs 

The growth of phytoplankton tends to be limited in the riverine portions of the lower Nelson River 

system as the water is turbid (reduced light availability), wind-induced wave action causes considerable 

mixing, and retention time of water is relatively short. Because phytoplankton have relatively high growth 

rates they are less susceptible to downstream loss in short water residence systems in comparison to 

larger organisms, such as zooplankton. Therefore, phytoplankton in the Nelson River may be more 
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limited by the other factors noted above, such as reduced light availability (i.e., water is turbid and well 

mixed), in addition to the relatively short water residence times experienced. 

Presently, mean chlorophyll a concentration and phytoplankton biomass observed at mainstem sites in 

the Keeyask area and Stephens Lake during the open water period (2001 and 2002) were comparable. 

Phytoplankton biomass from each area was within the range observed at Long Spruce and Limestone 

reservoirs, and downstream Nelson River mainstem sites in 1992. Diatoms dominated the community at 

all sites, despite differences in surface water quality (TSS and turbidity decrease along the flow of the 

Nelson River in Stephens Lake and downstream, increasing again at the lower end of the Nelson River) 

and water residence times (NSC 2012). Results of chlorophyll a analyses (1990–2004) indicate no 

consistent temporal or spatial differences among the Long Spruce and Limestone reservoirs and the 

Nelson River mainstem, suggesting that impoundment had little, if any, effect on phytoplankton biomass. 

Chlorophyll a data suggest that the area can be classified as oligotrophic based on trophic classification 

information presented in Dodds et al. (1998). The absence of a marked increase in phytoplankton 

biomass is likely due to the short water residence time within the Long Spruce and Limestone reservoirs, 

which, although longer than the unimpounded river, is still too short to allow substantial growth of 

phytoplankton (NSC 2012). 

As was observed in the early 1970s in Stephens Lake, phytoplankton biomass and composition varied 

considerably between provincial EMP study years (1987 and 1988) and among areas of the lake (Ramsey 

et al. 1989), but no consistent differences were noted between backwater and mainstem sampling 

locations even though flushing rates on the mainstem locations were greater. Mean chlorophyll a 

concentration measured in 2004 was lower than in the 1970s and 80s in the north arm of Stephens Lake 

and concentrations were also lower in 2004 in the north arm relative to the mainstem portion of the lake 

(Appendix 2E). As reported in the Split Lake Cree PPER, the Cree Nation indicated that turbidity, 

sediment, and algae (i.e., a general increase in phytoplankton biomass) were observed to increase 

following CRD and flooding associated with the Kettle GS in Stephens Lake (Split Lake Cree - Manitoba 

Hydro Joint Study Group 1996c). Based on predicted nutrient concentrations in the proposed lower 

Churchill River reservoir reaches (Province of Newfoundland and Labrador), primary productivity in the 

Churchill River was expected to be lower than the initial post-impoundment potential (0–10 years post-

impoundment) (Stockner et al. 2001). Productivity below potential in the reservoir system was attributed 

to the reduced light transmission from the increased suspended sediment load in the reservoir. Given that 

peak nutrient (particularly phosphorus) and TSS concentrations were projected to occur over a similar 

time period, the antagonistic interaction of these two parameters on primary productivity and the flushing 

effect of river flow were expected to moderate water quality issues related to eutrophication in the early 

periods post-impoundment (0–10 years). 

4.2.4.2.3 Downstream of the Keeyask Generating Station 

Downstream effects on water quality are not expected to be substantive as the conditions of the reservoir 

outflow will not be considerably different from current conditions (Section 2.5.2.3). The major exception 

is a predicted decrease in TSS at the outflow of the GS. Furthermore, TSS is expected to decrease further 

as water moves through Stephens Lake and this area of reduced TSS would likely extend approximately 

10–12 km downstream of the GS. This improvement in water clarity is expected to result in a long-term, 
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small increase in phytoplankton biomass in the affected portion of Stephens Lake (Figure 4-6). The 

absence of a marked increase in phytoplankton biomass is likely due to the relatively short water 

residence time within the portion of Stephens Lake along the main flow of the Nelson River, which, 

although longer than the unimpounded river, is still too short to allow substantial growth of 

phytoplankton. 

4.2.4.2.4 Access Road Stream Crossings 

No response is expected. Phytoplankton tend to be relatively unimportant in small streams and other 

lotic environments as these planktonic organisms cannot maintain positive net growth rates due to a 

variety of reasons, including downstream losses. The algae in the water column are typically benthic 

species sloughed from the streambed. 

4.2.4.2.5 Net Effects of Operation with Mitigation 

Collectively, the above information points to the potential for small to moderate increases in 

phytoplankton biomass over the long-term in reservoir bays with longer water residence times (i.e., site-

specific), depending on the balance between the positive effect of increased nutrients and the negative 

effect of light depletion. An improvement in water clarity downstream of the GS is expected to result in a 

long-term, small increase in phytoplankton biomass in the affected portion of Stephens Lake (i.e., local 

extent). 

4.2.4.3 Residual Effects  

4.2.4.3.1 Construction Period 

No residual effects on phytoplankton are expected. 

4.2.4.3.2 Operation Period 

There is the potential for small increases of phytoplankton in several areas: the off-current, sheltered bays 

of the reservoir due to the increase in water residence time and nutrients; the mainstem of the reservoir 

due to increased water clarity; and the southwestern area of Stephens Lake due to increased water clarity.  

4.2.4.3.3 Summary of Residual Effects 

The effects of the construction and operation of the Project on phytoplankton are expected to be large 

over a small geographic extent (at the GS site), small over a medium geographic extent (local area with 

the reservoir and immediately downstream in Stephens Lake), and long-term. Expected residual effects to 

the phytoplankton community in terms of biomass were assessed and are presented in Table 4-5A and 

Table 4-5B for the construction and operation periods, respectively.  

The technical phytoplankton assessment is based on models, scientific literature, and information 

collected from a proxy reservoir (i.e., Stephens Lake) and the overall certainty associated with the 

predictions is moderate to high. Overall, there is high certainty regarding the nature and direction of 

effects and the magnitude of effects predicted for the mainstem of the reservoir, and moderate certainty 

regarding the magnitude of effects in nearshore areas of the reservoir. 
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4.2.4.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Response to EIS Guidelines, Environmental Monitoring Plans have 

been developed as part of the Environmental Protection Program for the Project. A comprehensive 

Aquatic Environment Monitoring Program (AEMP) will be developed that specifically outlines 

monitoring to measure the effects of the Project on the aquatic environment, and discusses how results 

will be used as a basis for adaptive management. The AEMP will include monitoring of the 

phytoplankton community to verify the results of the phytoplankton assessment (e.g., to confirm 

predicted response of biota to sediment inputs during construction). 

Phytoplankton community variables are not considered VECs from an environmental assessment 

perspective; however, as supporting variables for other AEMP components, phytoplankton community 

variables do provide important measurement endpoints indicating the suitability of waterbodies to 

support aquatic life, and indicating potential change within or outside the range of natural variability that 

may be attributed to the operation of the Project. 

Monitoring activities for the phytoplankton community may be divided into two major categories: (1) 

core monitoring (CM); and (2) specific effects monitoring (SEM). The former is aimed at evaluating 

effects of the operation of the Project throughout the Aquatic Environment Study Area (i.e., over a broad 

geographical scale) while the latter encompasses a more focussed monitoring component that will be 

geared towards evaluating effects of the Project in relation to predicted site-specific and/or local effects 

(e.g., local effects predicted in reservoir bays with longer water residence times). Phytoplankton 

community monitoring would be conducted annually during instream construction and for the first three 

years of operation; monitoring would then be conducted every three to five years for the first 20–30 years 

of operation, depending on results obtained. 

Reports detailing the outcomes of monitoring programs will be prepared and submitted to Manitoba 

Conservation and Water Stewardship (MCWS) and Fisheries and Oceans Canada (DFO; formerly known 

as the Department of Fisheries and Oceans), in compliance with the Environment Act and the Fisheries Act, 

respectively. 

4.3 AQUATIC MACROPHYTES AND ATTACHED 

ALGAE 

4.3.1 Introduction 

Aquatic macrophytes (plants) grow within the littoral zone. The littoral zone is defined as the area of a 

lake from the region of the highest seasonal water level to the deepest point at which aquatic plants 

occur, i.e., where there is sufficient light for photosynthesis to occur. The extent to which the littoral zone 

can support vascular aquatic plants depends on the availability of bottom sediments sufficiently fine-

textured and stable to permit roots to take hold, the degree of wave exposure, and water levels stable 

enough to minimize disruption of the roots by ice scour during the winter months or desiccation due to 

exposure (periodic dewatering) during the open water season (Photo 4-2). The clarity of the water 
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column is an important factor in controlling the vertical distribution of submersed plants, while substrate 

type and exposure to waves and other water currents primarily determines spatial distribution. Emergent 

plants (e.g., bulrush [Scirpus spp.] and cattail [Typha spp.]) are found in the uppermost part of the littoral 

zone, while submersed plants (e.g., coon‟s tail [Ceratophyllum demersum] and common bladderwort 

[Utricularia vulgaris]) may grow at considerable water depth. Lake regulation may affect plant density and 

distribution, as altering lake levels may influence the availability of light in predominantly wetted areas 

and substrate availability or stability. 

 

Source: North/South Consultants Inc. [L. Dolce-Blanchard], 2003 

Photo 4-2: Aquatic macrophytes growing in the littoral zone of the Aquatic 

Environment Study Area 

Attached algae (non-vascular plants, including macroalgae) generally colonize the surfaces of plants, rocky 

substrates such as boulder and bedrock shorelines, and open areas of fine sediment (i.e., mud flats). The 

extent of growth of attached algae depends largely on the stability of the substratum (e.g., shifting sand 

limits the growth of algae) and on water level fluctuation. Algae will not grow if exposed to air for 

prolonged periods at low water levels, or if increased water depth reduces light availability below required 

levels for extended periods. Production by attached algae can be comparable to production by vascular 

plants due to the rapid growth and turnover time of these microscopic organisms. Algal cells that grow 

on the surface of plants often provide the basis for a rich community (i.e., biofilm) consisting of the algal 

cells, detrital particles trapped by the matrix of algal cells, bacteria and fungi digesting the detritus and 

organic material released by the plant, and microfauna such as protozoa consuming the detritus, 

decomposers, and algae. This mix of producers, consumers, and decomposers provides nutrition for 
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many kinds of herbivorous and deposit-feeding animals such as snails, certain minnows, and aquatic 

insect larvae. 

4.3.2 Approach and Methods 

4.3.2.1 Overview to Approach 

The approach taken for the aquatic macrophyte effects assessment was similar to the general approach 

taken for other aquatic environment components and was comprised of two major steps: 

 A description of the existing aquatic habitat conditions to provide the basis for assessing the 

potential effects of the Project on these components; and  

 An effects assessment in which the predicted post-Project environment was described and changes 

from existing environment quantified. 

An ecosystem-based approach was employed to assess the potential impacts of the Project on the aquatic 

macrophyte community. Information presented incorporates findings from other aquatic environment 

components (e.g., surface water quality and aquatic habitat). This approach is consistent with the views 

held by the KCNs, and widely held ecological views, that all components of the aquatic environment are 

important to maintaining the whole, and that all organisms are interdependent and, therefore, of 

importance and value. 

The environmental setting is described using several sources of information, including: existing published 

information; and studies conducted specifically as part of the Project between 2001 and 2006. Potential 

Project-related effects on the aquatic macrophyte community were assessed using basic models (i.e., 

simple conceptual models, quantitative models based on changes in habitat area, and qualitative empirical 

models based on observed changes in the environment following similar developments in other Manitoba 

settings and in northern environments). These sources of information and effects assessment approaches 

are described in the following sections. 

4.3.2.2 Study Area 

The study area for aquatic macrophyte investigations extends along the Nelson River from Split Lake 

downstream to Stephens Lake in the east (Map 1-2). The magnitude of physical change (e.g., changes in 

water levels and flows) differs substantially among areas (Section 3.2.2) and, consequently, the aquatic 

macrophyte study area was divided into three areas on the Nelson River as follows: 

 Split Lake area (Split Lake and adjoining waterbodies, including Assean Lake and Clark Lake). This 

area is upstream of any direct Project influence. The aquatic macrophytes in this area were described 

to provide supporting information for studies of surface water quality and other aquatic biota 

(sections 2.0 and 5.0). 

 Keeyask area (Nelson River extending from the outlet of Clark Lake to approximately 3 km 

downstream of Gull Rapids, i.e., hydraulic zone of influence, and tributary streams). Project-related 

changes to the water regime and direct losses of habitat due to the presence of the GS will occur 
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within this reach (Section 3.2.2). This area was subdivided at Gull Rapids, as the rapids mark a 

boundary between the reservoir and downstream environment in the post-Project environment. 

 Stephens Lake area (Stephens Lake and adjoining waterbodies). This area is immediately downstream 

of the Keeyask area and the Project will not affect the water regime. Stephens Lake, as the reservoir 

of the Kettle GS formed in the early 1970s, provides a useful proxy to assist in predicting effects of 

the Project (Section 1). 

The majority of lower trophic levels investigations were conducted in the Keeyask area, as this area will 

be directly affected by the Project. Aquatic biota was also described as part of the assessment of the north 

and south access roads stream crossings. 

4.3.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for aquatic macrophytes and attached algae are detailed below.  

Few aquatic macrophyte community studies have been previously conducted in the Aquatic Environment 

Study Area. These data collection programs were primarily focussed on the effects of hydroelectric 

generating stations (e.g., construction and operation of the Kelsey GS) and were limited to GS reservoirs 

along the lower Nelson River and Split Lake. 

During the early 1990s and early 2000s, limited aquatic macrophyte data were collected for Manitoba 

Hydro by KCNs Members together with NSC as part of the Lower Nelson River Forebay Monitoring 

Program (included Long Spruce and Limestone reservoirs, and the lower Nelson River) (Schneider and 

Baker 1993; NSC 2012). 

Occurrences of emergent and submersed aquatic macrophytes in Split Lake were noted and mapped 

during the bathymetric and aquatic habitat characterization studies conducted in September 1997, by the 

Tataskweyak Environmental Monitoring Agency (TEMA) for TCN and Manitoba Hydro (Kroeker 1999). 

The presence and relative abundance of aquatic macrophytes were also noted in conjunction with benthic 

invertebrate and fish community TEMA studies conducted in 1997 and 1998 (Fazakas 1999; Fazakas and 

Lawrence 1998; Fazakas and Zrum 1999; Lawrence and Fazakas 1997). The effects of previous 

hydroelectric development in northern Manitoba were assessed on the Split Lake RMA as part of the 

Split Lake Cree PPER (Split Lake Cree - Manitoba Hydro Joint Study Group 1996c). 

Information on aquatic macrophyte abundance, species composition, and distribution (i.e., location of 

areas supporting rooted plants visible from the surface) was recorded during the aquatic habitat surveys 

undertaken in 2001, 2003, and 2006 in the study area (Section 3.2.3.2; Appendix 3A). Detailed sampling 

to describe aquatic plant abundance and composition at selected sites was conducted in 2001 and 2002 

between Birthday and Gull rapids, in 2003 and 2004 for Clark Lake to Gull Rapids and in 2005 and 2006 

(years with higher than average water levels; Section 3.3.2.3) in two areas (Ross Wright and O‟Neil bays) 

of Stephens Lake that were historically inundated; these two areas in Stephens Lake were chosen to 

provide a proxy for the post-impoundment Keeyask reservoir. 
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Drifting aquatic plants and algae were sampled using drift traps at various locations along the Nelson 

River mainstem during the 2003 and 2004 open water seasons to provide the basis for assessing potential 

changes in the production of these groups from specific areas (i.e., Birthday Rapids, Gull Rapids, 

Stephens Lake) associated with the proposed Keeyask hydroelectric development. Attached algae 

(periphyton) likely colonize extensive areas of faster water habitat in the study area; however, the 

distribution of periphyton in relation to aquatic habitat was not quantitatively assessed, as large 

sections of the study area cannot be safely accessed under most flow conditions, precluding adequate 

baseline sampling. As periphyton is highly variable, both spatially and temporally, an intensive, repeatable 

program would be required to obtain sufficient data to support an analysis of effects on the distribution 

of attached algae in relation to aquatic habitat. 

The detailed approach and methods for aquatic macrophyte community studies conducted between 2001 

and 2006 are presented in Appendix 4A. 

4.3.2.4 Assessment Approach 

Given the complexity of the aquatic ecosystem, models were used for predicting effects of the Project. 

Within the aquatic assessment, the complexity of models employed depended on: the importance of the 

issue; availability of information or suitable models; and utility of modelling approaches. 

Basic model types used to assess potential Project effects on the aquatic macrophyte community were: 

 Simple conceptual models (e.g., plant species may proliferate in the slower flow rates and wider 

littoral zones associated with typical reservoir habitat). The scientific literature was used to describe 

and support linkages to the Project. 

 Quantitative models based on changes in aquatic habitat area (e.g., calculation of occupied aquatic 

macrophyte habitats based on specific areas of habitat types that had been described in the existing 

environment) over the short-term and long-term post-Project.  

 Qualitative empirical models based on observed changes in the environment following similar 

developments in other Manitoba settings and in northern environments. For example, Stephens Lake 

was used as a surrogate for post-Project conditions in the Keeyask reservoir (Section 3.2.4). 

A quantitative habitat-based model was used to estimate the area occupied by aquatic macrophytes in the 

newly created Keeyask reservoir at four time steps (Years 1, 5, 15, and 30 post-impoundment). The area 

of each habitat type with aquatic plant beds was estimated for the Nelson River between the outflow of 

Clark Lake and the Keeyask GS location in the existing environment using Manitoba Hydro‟s shoreline 

data (the spatial extent of habitat types was modeled at 95th percentile flow conditions) and in Year 30 

post-Project using the predicted shoreline at a water level elevation at the face of the dam of 158 m ASL 

for minimum operating level (MOL) or at 159 m ASL under 95th percentile flow conditions for FSL 

(Section 3.2.4; Appendix 3D). The Year 30 habitat areas were modified for the intermediate time steps to 

account for shoreline erosion, peat disintegration and transport, and loss and subsequent establishment 

of aquatic plant beds (Appendix 3D). 
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The evaluation of certainty for predicted effects was based in part on the agreement of predicted effects 

among the various approaches. 

4.3.3 Environmental Setting 

4.3.3.1 Overview and Regional Context 

The environmental setting has been described based on available background data and the information 

collected during the course of the Keeyask environmental studies. The aquatic macrophyte community in 

the study area has been influenced by past hydroelectric development in northern Manitoba (e.g., Kelsey 

GS, CRD, and LWR).  

Thirty-four vascular and five non-vascular taxa of aquatic macrophytes have been recorded in the study 

area (Table 4-6). No species are listed on Schedule 1 of SARA and none have been assessed as “at risk” 

by COSEWIC. The Manitoba Conservation Data Centre lists Nymphaea tetragona as an S2 species (rare in 

province, maybe vulnerable to extirpation) in the Churchill River Upland ecoregion, but its distribution 

does not extend into the area directly affected by the Project (Manitoba Conservation Data Centre 2012a; 

Manitoba Conservation Data Centre 2012b). None of the identified species are listed as invasive on the 

Invasive Species Council of Manitoba website (Invasive Species Council of Manitoba 2012). 

In lacustrine environments (e.g., Split, Gull, and Stephens lakes), the occurrence of aquatic plants was 

generally restricted to areas shallower than 2 m water depth, although some plants were observed in water 

depths up to 3 m. Distribution tended to be patchy with localized macrophyte beds ranging from very 

sparse to dense. Aquatic plants were most common in nearshore (i.e., shallow water depths) sheltered 

bays and channels between islands characterized as having standing water and soft, mineral-based bottom 

sediments. Pondweeds (Potamogeton spp., Stukenia spp.) were typically the most common plants observed. 

Vertical zonation was typical in some areas with Stukenia spp. occurring in deeper water and P. richardsonii 

generally restricted to shallower water depths. The shallow zone was shared by other macrophytes 

including, common spikerush (Eleocharis palustris) and vernal water-starwort (Callitriche palustris), two 

aquatic plant species that are more resistant/tolerant to periodic dewatering/desiccation (i.e., amphibious) 

and ice scour stress, and the less tolerant northern watermilfoil (Myriophyllum sibiricum). The diversity of 

the plant community was comparable among lacustrine habitats sampled with as many as 10 species 

observed in a waterbody. 

In the Nelson River mainstem, aquatic plants were restricted to the shallow margins of tributary mouths, 

or adjacent areas within the mainstem, and to a few small, sheltered bays within the mainstem. The 

distribution of macrophytes varied among years depending on annual conditions (predominantly water 

level); however, plant distribution was always limited and density was typically sparse. The composition 

of the plant community reflected what was observed in other areas, with the exception of white water-

crowfoot (Ranunculus aquatilis), which was only observed downstream of Gull Rapids. The greatest 

proportions of aquatic macrophytes (i.e., greatest percentages of macrophytes observed in the study area) 

were typically within the more extensive backwater inlets with reduced water velocities and relatively 

shallow water depths. As for the mainstem portion of the river, the distribution of macrophytes varied 

among years depending on annual conditions (predominantly water level). Aquatic vegetation was 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-24 

observed exclusively within shallow water areas characterized as having standing water or low water 

velocity and soft, mineral-based bottom sediments. Plant growth ranged from low (10–30 grams [g] dry 

weight of plants/square metre [m2] of bottom area) to high (greater than 60 g/m2) relative density with 

Pahwaybanic, Kahpowinic, and John Garson bays typically supporting the most relatively dense 

communities. Star duckweed (Lemna trisulca), pondweeds, common spikerush, and northern watermilfoil 

were the most common plants observed, with northern watermilfoil, Potamogeton spp. and Stukenia spp. 

being the most abundant. Aquatic plants were most abundant in the intermittently exposed zone of the 

backwater inlets sampled. The intermittently exposed zone was defined using historic water level 

percentiles. This area is the shore zone bounded by the 5th and 95th water level percentiles and represents 

a band along the edge of the waterbody that has experienced exposure, i.e., dewatering, 5 to 95% of the 

time since 1977 (Section 3.2.4.1). The community in this type of habitat was dominated by northern 

watermilfoil and was shared with other species including the more amphibious common spikerush. In 

shallow water habitat that was predominantly wetted, the community was dominated by pondweeds, 

particularly Potamogeton spp. Filamentous green algae, Cyanophycota (blue-green algae), and aquatic moss 

(Sphagnum spp.) were also commonly observed in the backwater inlets. 

Several aquatic macrophyte species more tolerant of exposure or periodic episodes of dewatering and ice 

scour stress, such as vernal water-starwort and common mare‟s-tail (Hippuris vulgaris), were found in the 

study area. Notably, common spikerush, common mare‟s-tail, and lady‟s thumb (Polygonum persicaria) were 

all observed in the Keeyask area. Common spikerush develop a thick root mass that is resistant to 

compaction and erosion. These species were sometimes found in association with relatively less resilient 

aquatic plants, such as bur-reed (Sparganium spp.) and common bladderwort (Utricularia vulgaris), which 

can grow in shallow water but are intolerant of prolonged periods of exposure. 

In riverine environments of the study area, the flowing water transports relatively large amounts of 

aquatic plant and algal biomass downstream. Drifting aquatic plants and algae were sampled to gain an 

overall understanding of the spatial and temporal differences in abundance and distribution of biomass 

within the study area, and provide the basis for assessing potential changes in production from Birthday 

and Gull rapids, and Stephens Lake associated with the proposed Keeyask hydroelectric development. A 

minimum of 22 plant species, including unidentified algae (all macrophytes were grouped and identified 

to genus and species, when possible), were collected in drift traps set in the Nelson River mainstem 

between the upstream extent of Birthday Rapids and downstream of the Kettle GS in 2003 and 2004. 

Non-vascular plants (specifically algae, mainly filamentous) were the most abundant vegetation collected 

in drift traps. Grasses (Poaceae), sedges (Cyperaceae), rushes (Juncaceae), and pondweeds were also 

relatively abundant. Overall, the drift traps downstream of Birthday Rapids were the most productive in 

terms of drifting plant (particularly non-vascular) biomass within the study area, followed by traps 

upstream of Gull Rapids (at the downstream end of Gull Lake), downstream of Gull Rapids, upstream of 

Birthday Rapids, and downstream of the Kettle GS. From this, it may be inferred that the majority of 

drifting plant biomass in the study area was produced by the Nelson River aquatic habitats within 

Birthday Rapids, between Birthday and Gull rapids, including Gull Lake, and within Gull Rapids. The 

majority of drifting plant biomass was collected later in the growing season (August and September). 

The aquatic macrophyte community has been described as part of the Wuskwatim GS EIS for portions 

along the Burntwood River system, using methods comparable to those employed in the study area 
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(Manitoba Hydro and NCN 2003). Direct comparisons of aquatic plant community abundance, 

composition, and distribution between different watercourses is challenging as the distribution and 

density of aquatic macrophytes differs over time (particularly among years) in response to fluctuations in 

water levels and other growing conditions. 

There were 24 vascular and three non-vascular aquatic plants collected and identified in the lacustrine and 

riverine areas of the Wuskwatim area. The aquatic macrophyte community observed in the Nelson River 

study area was more diverse with 34 vascular and five non-vascular aquatic macrophytes observed. 

Sampling of the aquatic plant community in the Nelson River was more intensive over a longer study 

period and this could partially account for the increased diversity observed. Sixteen vascular macrophytes 

were common to both areas and the pondweeds (Potamogeton spp., Stukenia spp.) were the most diverse 

group with seven species observed in the Wuskwatim areas and eight in the study area. Pondweeds 

tended to dominate the aquatic vascular plant community in both areas. 

The occurrence of aquatic plants was similar between the Wuskwatim and Keeyask study areas. In 

lacustrine environments, the occurrence of aquatic plants was typically restricted to shallower water 

depths, and plants were most common in sheltered bays and channels between islands characterized as 

having minimal water movement and soft, mineral-based bottom sediments. In the mainstem portion of 

rivers, aquatic plants tended to be restricted to the shallow margins of tributary mouths or adjacent areas 

within the mainstem, and to the few small, sheltered bays within the mainstem; more extensive areas of 

aquatic plants at relatively high densities typically occurred in the few extensive backwater inlets along the 

Burntwood and Nelson rivers. Several aquatic macrophyte species more tolerant of periodic episodes of 

dewatering and ice scour stress, such as vernal water-starwort and common mare‟s-tail, were found in 

both the Keeyask and Wuskwatim study areas. 

4.3.3.2 Split Lake Area 

As part of the PPER process, TCN Members reported that the abundance of rooted aquatic plants has 

diminished due to ice build-up on shorelines because of past hydroelectric development in the Split Lake 

RMA (Split Lake Cree - Manitoba Hydro Joint Study Group 1996c). 

Emergent sedges and grasses were widely distributed but never abundant, being generally restricted to 

narrow shoreline bands within sheltered bays. Submersed aquatic macrophytes were also widely 

distributed throughout Split Lake. Aquatic plants were generally restricted to areas shallower than 2 m, 

although some plants were observed in depths up to 2.5–3.0 m. Within this depth range, distribution was 

notably patchy with localized macrophyte beds ranging from very sparse to dense. Macrophyte beds were 

most common in sheltered bays and channels between islands, especially in off-current areas (Map 3-4). 

Macrophyte growth was probably limited primarily by turbidity (restricted euphotic depth) and 

secondarily by exposure to waves and currents. 

Pondweeds were the most common plants observed, with big-sheath pondweed (Stukenia vaginata), 

whitestem pondweed (Potamogeton praelongus), variableleaf pondweed (P. gramineus), and Richardson‟s 

pondweed (P. richardsonii) being the most abundant. Vertical zonation was typical for these species, with 

bigsheath pondweed occurring in deeper water (up to 3 m), whitestem pondweed and variableleaf 

pondweed dominating intermediate depths, and Richardson‟s pondweed generally restricted to shallower 
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water. The shallow zone was also shared with other macrophytes including northern watermilfoil, water 

smartweed (Polygonum amphibium), and fineleaf pondweed (S. filiformis). 

Quantitative surveys of aquatic macrophytes were undertaken in Clark Lake in 2001, 2003 and 2004 as 

part of the environmental studies (Photo 4-3). In 2001, aquatic vegetation occupied an area of only 

5.8 hectares (ha; 0.5 % of the total area of Clark Lake) (Table 4-7) exclusively within shallow water areas 

(off-current bays) characterized by standing water and soft, mineral-based bottom sediments. Plant 

growth was typically of sparse to low density and the aquatic plant community consisted of five species in 

2003 (Table 4-8) and 10 species in 2004 (Table 4-9). Macrophyte growth was likely limited primarily by 

turbidity (limited euphotic depth) and secondarily by exposure to waves and currents. 

 

Source: North/South Consultants Inc. [L. Dolce-Blanchard], 2003 

Photo 4-3: Aquatic macrophyte sampling location in Clark Lake, 2003  

As in Split Lake, pondweeds were the most common plants observed in Clark Lake, with Richardson‟s 

pondweed being the most abundant. Vertical zonation was typical with big-sheath pondweed occurring in 

deeper water (up to 2 m) and Richardson‟s pondweed generally restricted to shallower water depths. The 

shallow zone was also shared by other macrophytes including, common spikerush and vernal water-

starwort, two species that are more tolerant of periodic dewatering and ice scour stress, and the less 

resilient northern watermilfoil. 

4.3.3.3 Keeyask Area 

No data or assessment of the effects of hydroelectric development on the aquatic plant community prior 

to 1997 in the reach of the Nelson River between Clark Lake and Stephens Lake were located in the 

published literature. 
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Quantitative surveys of aquatic macrophytes in the mainstem of the Nelson River were undertaken in 

2001, 2003, and 2006 as part of the environmental studies. The distribution of aquatic plants varied 

among years depending on annual conditions (predominantly water level); however, plant distribution 

was limited and density was sparse. Upstream of Gull Lake, the maximum area occupied by plants was 

8.2 ha (1.1 % of the total area immediately upstream of Gull Lake) in 2006 (Table 4-10), whereas the 

maximum observed in the area immediately downstream of Gull Rapids was only 0.9 ha in 2001 

(Table 4-7). Aquatic vegetation was restricted to the shallow margins of tributary mouths, or adjacent 

areas within the mainstem, and to a few small, sheltered bays within the mainstem (Map 3-16). 

Macrophyte growth and distribution were likely limited primarily by turbidity (limited euphotic depth) 

and secondarily by exposure to waves and currents. 

Aquatic plant abundance was not assessed in the mainstem of the Nelson River. However, the presence 

of aquatic macrophyte species was noted and the community upstream of Gull Rapids consisted of 

sedges (Carex spp.), northern watermilfoil, pondweeds, pond lilies (Nuphar spp.), water smartweed, and 

the more amphibious common spikerush and lady‟s thumb, whereas the community downstream of Gull 

Rapids was limited to northern watermilfoil, pondweeds, water smartweed, white water-crowfoot, and 

bur-reed. 

There are a few extensive areas within the backwater inlets along the Nelson River and in Gull Lake with 

relatively shallow water depths and reduced water velocity (Map 3-7 and Map 3-8). The streams enter 

bays off the mainstem and are inundated with water from the Nelson River. Typically, the bottom 

sediments in these areas were soft, mineral-based with variable amounts of decaying plant material 

present where aquatic plants were observed (Map 3-14). 

The aquatic macrophyte community in select backwater inlets was quantitatively assessed between 2001 

and 2004, and again in 2006. More intensive sampling occurred in Pahwaybanic Bay, Kahpowinic Bay, 

the small bay east of Rabbit Creek, John Garson Bay, Tub Bay, and John Kitch Bay (between Morris 

Point and John Kitchekeesik Point) (Map 3-16). Although the areas in the backwater inlets occupied by 

aquatic vegetation varied among years, the greatest proportions of aquatic macrophytes (i.e., greatest 

percentage of macrophytes observed) were typically within these aquatic habitats. Among backwater 

inlets in 2001, the greatest proportion of aquatic macrophytes was observed in John Garson Bay (15.8% 

of total macrophytes observed) occupying 59.3 ha (Table 4-7). The area occupied by plants in John 

Garson Bay was comparable in 2003 to 2001, however, the area with macrophytes in John Kitch Bay was 

notably greater and totalled 100.6 ha (35.6 % of total) (Table 4-11). In 2006, plant distribution in these 

two backwater inlets was noticeably reduced, however, distribution in Kahpowinic Bay had increased and 

macrophytes occupied 42.3 ha (26.3 % of total macrophytes observed). Aquatic vegetation was observed 

exclusively within shallow water areas characterized as having either standing water or low water velocity 

and soft, mineral-based bottom sediments (Map 3-16). The distribution (or shape) of plant beds is 

strongly influenced by water level over time. In general, the location of beds tended to move „land-ward‟ 

(i.e., shift to a higher elevation) under higher water conditions (2006; Section 3.3.2.3) and „water-ward‟ 

(i.e., shift to a lower elevation) when water levels had been lower than average (2003 conditions; 

Section 3.3.2.3), i.e., the observed variability in plant bed distribution was primarily due to variation in 

water level (Map 3-16). Plant growth ranged from low to high relative density with Pahwaybanic, 

Kahpowinic, and John Garson bays typically supporting the densest communities (Table 4-8, Table 4-9, 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-28 

Table 4-12, and Table 4-13). The least diverse plant community with only three species occurred in John 

Garson Bay in 2002 (Table 4-13), whereas Pahwaybanic and Kahpowinic bays supported the greatest 

variety of aquatic plant species observed, with nine species each in 2004 (Table 4-9). 

Star duckweed, pondweeds, common spikerush, and northern watermilfoil were the most common plants 

observed, with northern watermilfoil, Potamogeton spp. and Stukenia spp. being the most abundant. 

Aquatic plants were most abundant in the intermittently exposed zone of the backwater inlets sampled. 

The community in this type of habitat was dominated by northern watermilfoil (Photo 4-4) and was 

shared with other species including the more amphibious common spikerush. In shallow water habitat 

that was predominantly wetted, the community was dominated by pondweeds, particularly Potamogeton 

spp. (Photo 4-5). Common spike rush and star duckweed were much more common in shallow water 

habitat with standing water than in those classified as having low water velocity. Filamentous green algae, 

blue-green algae, and aquatic moss species were also observed in the backwater inlets and comprised up 

to 12%, 11%, and 15%, respectively, of the community sampled. 

 

Source: North/South Consultants Inc. [L. Dolce-Blanchard], 2005 

Photo 4-4: Myriophyllum sibiricum in the Keeyask area 
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Source: North/South Consultants Inc. [L. Dolce-Blanchard], 2005 

Photo 4-5: Potamogeton spp. in the Keeyask area  

Quantitative surveys of the aquatic macrophyte community in Gull Lake were performed between 2001 

and 2004, and again in 2006 as part of the environmental studies. The area in Gull Lake occupied by 

aquatic vegetation varied among years and ranged between 238.5 ha (7% of the total area of Gull Lake) in 

2001, a year with median water elevation (Table 4-7) (Section 3.3.2.3) and 58.8 ha (2%) in 2006, a high-

water year (Table 4-10) (Section 3.3.2.3). As in the backwater inlets, aquatic vegetation was observed 

exclusively within shallow water areas characterized as having either standing water or low water velocity 

and soft, mineral-based bottom sediments (Map 3-16). Similar to the backwater inlets, the distribution or 

shape of plant beds was strongly influenced by water level over time. In general, the location of beds tend 

to move „land-ward‟ (i.e., shift to a higher elevation) under higher water conditions (2006; Section 3.3.2.3) 

and „water-ward‟ (i.e., shift to a lower elevation) when water levels had been lower than average (2003 

conditions; Section 3.3.2.3) (Map 3-16). Plant growth north of Caribou Island ranged from low to high 

relative density and the aquatic plant community consisted of between two species observed in 2002 

(Table 4-13) and six in 2003 (Table 4-8).  

Pondweeds were the most common plants observed, with big-sheath pondweed and Richardson‟s 

pondweed being the most abundant. Vertical zonation did not appear to be present with species 

occurring together in water up to 1.5 m deep. The shallow nearshore was also occupied by less common 

macrophytes including northern watermilfoil, and the more amphibious common spikerush, common 

mare‟s-tail, and lady‟s thumb. Filamentous green algae and aquatic moss species were also commonly 

observed in this area and comprised as much as 27% and 30%, respectively, of the community sampled. 
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Aquatic moss tended to be observed in the very shallow zone (water depths less than 0.4 m) with 

filamentous green algae more common in water depths of up to 1.5 m. 

In riverine environments of the study area, the flowing water transports relatively large amounts of 

aquatic plant and algal biomass downstream. Drifting aquatic plants and algae were sampled to gain an 

overall understanding of the spatial and temporal differences in abundance and distribution of biomass 

within the study area, and provide the basis for assessing potential changes in production from Birthday 

and Gull rapids associated with the proposed Keeyask hydroelectric development. 

A minimum of 22 macrophyte species, including unidentified algae, were collected in drift traps set in the 

Nelson River mainstem between the upstream extent of Birthday Rapids and the downstream extent of 

Gull Rapids in 2003 and 2004. Non-vascular plants (specifically algae, mainly filamentous) were the most 

abundant vegetation collected in drift traps located upstream of Birthday Rapids, downstream of Birthday 

Rapids, and downstream of Gull Rapids in terms of dried weight (milligrams [mg] dried weight/100 m3) 

(Table 4-14). Vascular plants (specifically, grasses, sedges, rushes, and pondweeds) tended to be relatively 

more abundant in drift traps located upstream of Gull Rapids (Table 4-14). 

Overall, the drift traps downstream of Birthday Rapids were the most productive in terms of drifting 

plant biomass (56 mg dried weight/100 m3) within the study area, followed by traps upstream of Gull 

Rapids (at the downstream end of Gull Lake) (35 mg dried weight/100 m3), downstream of Gull Rapids 

(26 mg dried weight/100 m3), and upstream of Birthday Rapids (10 mg dried weight/100 m3) 

(Table 4-14). From this, it may be inferred that the majority of drifting plant biomass in the study area 

was produced by the Nelson River aquatic habitats within Birthday Rapids, between Birthday and Gull 

rapids, including Gull Lake, and within Gull Rapids. The majority of drifting plant biomass was collected 

later in the growing season (August and September). 

4.3.3.4 Stephens Lake Area 

Elders and resource harvesters from TCN have commented that there has been a large decrease in plant 

life (including areas of very large reeds) in Stephens Lake that they feel is due in part to deeper, more 

turbid water, which does not allow the sun to reach the plants. They noted that the loss of plants appears 

more prevalent in the last ten years (changes started in the mid-1980s), which they related to an observed 

decrease in water quality. The resource harvesters also remarked on the colour of the algae attached to 

rocks along the shoreline, which they say has changed from green to a „brownish colour‟. These changes 

were linked to hydroelectric development in general and not to one specific project (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996c). 

Quantitative surveys of aquatic macrophyte abundance and composition were undertaken in 2005 and 

2006 (years with higher than average water levels; Section 3.3.2.4) in two areas (Ross Wright and O‟Neil 

bays) of Stephens Lake that were historically inundated. These two areas were chosen to provide a proxy 

for the post-impoundment Keeyask reservoir and form the basis for the following discussion (Cooley 

and Dolce 2008). 

Aquatic vegetation was observed exclusively within shallow water areas characterized as having standing 

water and soft, mineral- or organic-based bottom sediments. Plant growth in these areas ranged from 

medium to high relative density and the aquatic plant community was relatively diverse consisting of nine 
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taxa in 2005 and eight in 2006 (Table 4-15). Macrophyte growth was generally limited by turbidity (limited 

euphotic depth) and exposure to waves and currents. 

Pondweeds, northern watermilfoil, and water smartweed were the most common plants observed, with 

Richardson‟s pondweed and northern watermilfoil being the most abundant and relatively dense. Aquatic 

plants were most abundant in the shallow water areas sampled with soft, mineral-based sediments. The 

intermittently exposed portion of this habitat type was dominated by Richardson‟s pondweed; however, 

northern watermilfoil was also relatively common and Stukenia spp. and aquatic moss species were also 

found. The community sampled in the predominantly wetted portion was almost exclusively Richardson‟s 

pondweed. In shallow water habitat with soft, organic-based sediments, most typically observed at the 

terminal ends of the inundated bays (e.g., Ross Wright Bay), the community composition shifted and 

northern watermilfoil was predominant, with water smartweed also being abundant in localized areas. 

Aquatic plant species that are more tolerant of periodic dewatering and ice scour stress were not 

observed in the areas sampled. 

A minimum of eight aquatic macrophyte species, including unidentified algae, were collected in drift traps 

set downstream of the Kettle GS (i.e., downstream of Stephens Lake) in 2003 and 2004. As at the 

majority of drift trap locations in the Keeyask area, non-vascular plants (specifically algae, mainly 

filamentous) were the most abundant vegetation collected in terms of dried weight (mg dried 

weight/100 m3) (Table 4-14). Overall, the least amount of drifting plant biomass in the study area was 

collected in drift traps located downstream of the Kettle GS (5 mg dried weight/100 m3) (Table 4-14). 

The relatively low drifting plant biomass downstream of the Kettle GS may be the result of: drift traps 

being located approximately 1 km downstream of the GS structure, thereby potentially sampling the 

drifting plants predominantly originating from this relatively short section of the river only, rather than 

also from Stephens Lake; and/or the majority of drift traps being located in areas with relatively slower 

water velocities in comparison to those located in the Keeyask area. However, the lack of drifting plant 

biomass information from immediately upstream of the Kettle GS in Stephens Lake makes it difficult to 

determine whether this low downstream biomass is contributed to by sampling location and/or a paucity 

of plant biomass originating from Stephens Lake and drifting through the Kettle GS. Similar to other 

sites along the Nelson River mainstem, the majority of plant biomass was collected later in the growing 

season (August and September). 

4.3.3.5 Current Trends 

Historic information for all areas is lacking to compare to data collected during the Keeyask 

environmental studies to describe current trends for aquatic macrophytes and attached algae. 

4.3.4 Project Effects, Mitigation and Monitoring 

4.3.4.1 Construction Period 

The following section considers potential effects related to the construction of the GS and south access 

road, and operation of the construction camp and north and south access roads during the construction 
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period. The construction of the north access road was assessed in the KIP EA (Keeyask Hydropower 

Partnership Ltd. 2009). Stream crossing locations are provided in Map 1-4. 

An assessment of potential Project effects on the aquatic macrophyte community during the construction 

period is based on the assessment of construction-related effects to surface water quality (Section 2.5.1, 

Table 2-12) and physical attributes of aquatic habitat (Section 3.4.1). The primary potential effect(s) on 

aquatic macrophytes is related to inputs affecting water quality, such as increases in TSS concentrations 

and related variables (i.e., turbidity) due to instream activities (e.g., cofferdam placement and removal, river 

impoundment and diversion) and nutrient inputs (e.g., with treated sewage effluent discharge to the 

mainstem of the Nelson River, with particulate materials [i.e., TSS]). Predicted increases in TSS will alter 

downstream substrate due to sedimentation, and this could influence any aquatic macrophyte beds in 

affected areas. Cofferdam placement and dewatering of the area within cofferdams would affect any 

attached algae in the immediate vicinity of any works (the majority of aquatic habitat affected during 

construction will also affected by the permanent works; some construction works will remain in place and 

be submerged during impoundment). Additionally, some aquatic habitat disruption will occur during 

construction of stream crossings to accommodate the south access road and may affect aquatic plant 

cover at the crossings. It is expected that construction effects (e.g., inputs affecting water quality) will be 

managed through appropriate mitigation measures (Section 2.5.1; Section 3.4.1), thereby reducing the 

duration and magnitude of any construction-related effects on the aquatic macrophyte community. 

4.3.4.1.1 Upstream of the Outlet of Clark Lake 

No construction-related effects on the aquatic macrophyte community are expected upstream of the 

outlet of Clark Lake as there are no linkages between Project construction and surface water quality 

(Section 2.5.1) or aquatic habitat (Section 3.4.1) in Split, Assean, or Clark lakes.  

4.3.4.1.2 Downstream of the Outlet of Clark Lake 

The following sub-sections present the assessment of potential effects of construction activities on the 

aquatic macrophyte community in the Keeyask area and downstream. 

Changes to Water Quality 

Total Suspended Solids, Turbidity, and Water Clarity 

Overall, the activities with the greatest potential to increase TSS concentrations in the lower Nelson River 

during construction of the GS are related to cofferdam placement and removal, and river impoundment 

and diversion (Section 2.5.1.1). Effects of suspended fine sediments on aquatic macrophytes are likely 

primarily related to their effect on light penetration; light attenuation by inorganic turbidity decreases the 

fraction of light absorbed by photosynthesizing plants. Generally, the construction and removal of 

cofferdams will generate an increase of less than 5 mg/L of TSS above background downstream of Gull 

Rapids (Section 2.5.1). Larger TSS increases are expected to be of relatively small magnitude and short 

duration. Peak levels are predicted to be up to 15 mg/L for one day or up to 7 mg/L for one month 

(Section 2.5.1). Drainage of surface runoff to the Nelson River will be controlled through a Drainage 

Management Plan (as described in the PD) to minimize the amount of sediment produced and the 

potential for sediment to enter watercourses. If the TSS concentration in water pumped out of cofferdam 
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and excavation areas and in concrete wash water is greater than 25 mg/L the water will remain in a 

settling pond until it meets this TSS criterion before being discharged to the Nelson River. As the 

magnitude and duration of any increases in TSS are typically within the 30-day MWQSOG for PAL (an 

increase of 5 mg/L above background where background is less than or equal to 25 mg/L), aquatic 

plants and attached algae may be somewhat negatively affected in this downstream environment as 

photosynthetic efficiency may be reduced, thereby somewhat limiting primary production (i.e., small, 

undetectable reductions in biomass may occur in affected areas during the construction period).  

Nutrients 

Nutrient (nitrogen and phosphorus) inputs with treated sewage effluent discharge to the mainstem of the 

Nelson River are not expected to be detectable in the fully mixed river condition, but concentrations may 

be elevated near the effluent outfall (Section 2.5.1.3.3). Additionally, any increases in nutrients associated 

with expected increases in particulate materials (i.e., TSS) are expected to be small. As the expected level 

of increase in nutrient inputs to the Nelson River during the construction period is small, nutrient inputs 

will not have a measurable effect on aquatic macrophytes beyond the immediate receiving environment. 

During the latter stage of the Stage II Diversion, when water levels are increased to near FSL, flooding of 

organic materials is expected to lead to nutrient release to surface waters, thereby increasing 

concentrations of nutrients, notably over flooded habitat. These effects (i.e., due to reservoir 

impoundment) are discussed in detail in the assessment of operation-related effects in Section 2.5.2.2 for 

surface water quality and Section 4.3.4.2 for aquatic macrophytes. 

Metals and Contaminants (e.g., Hydrocarbons) 

Small amounts of metals will be introduced into the aquatic environment in association with construction 

activities that release sediments, as discussed in Section 2.5.1.6. However, given the proposed mitigation 

measures to manage sediment levels, these inputs are not expected to cause marked increases in metal 

levels and, consequently, will have no detectable effect on the aquatic macrophyte community. 

The presence and levels of hydrocarbons in the aquatic environment could potentially be affected by 

accidental spills or release of substances containing hydrocarbons (e.g., diesel fuel, gasoline, lubricating oil, 

etc.). Other hazardous substances will also be used during the construction period. As described in 

Section 2.5.1.6, the release of significant quantities of hazardous substances to the aquatic environment as 

a result of accidental spills and releases is considered unlikely due to the development and 

implementation of good management practices. 

Alteration and Destruction of Aquatic Habitat 

Downstream Sedimentation 

Under current conditions, natural sedimentation occurs in areas of reduced water velocity (e.g., sheltered 

areas behind individual cobbles and boulders, the water within aquatic macrophyte beds). Aquatic 

macrophyte beds typically enhance the deposition and accumulation of fine sediments and act as sieves 

(i.e., beds trap suspended sediment particles). It is predicted that approximately 30 % of the additional 

sediment resulting from shore erosion during Stage I and II Diversions will be deposited in Stephens 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-34 

Lake before it reaches the Kettle GS (Section 2.5.1.1.3); most of the deposition is expected to occur near 

the entrance of Stephens Lake, downstream of Gull Rapids (Section 3.4.1.5). This additional 

sedimentation could negatively influence any aquatic macrophytes (vascular and non-vascular) in the 

affected area depending on the size of sediment particles, the spatial extent (e.g., greater negative potential 

if an entire plant bed is affected) and depth (e.g., greater negative potential if depth of sediments exceeds 

5 cm) of deposited sediments, the rate of deposition, and if deposited sediments are stable or transient 

(e.g., washed away with the next higher flow event). Cumulative sediment input from all construction 

sources, over a four-year period for instream work, is expected to result in a depth of deposited 

sediments less than 0.6 cm (very low rate of deposition) through the south arm of Stephens Lake. 

Deposited material will likely be a combination of silt, sand, and coarser material, and is unlikely to be 

remobilized during the GS operating period. The sensitivity of aquatic plants to sedimentation is species-

specific and some are more tolerant as they are able to respond by adjusting their rooting levels if 

sedimentation is not sufficiently rapid or of sufficient depth to bury plant stands. However, based on the 

low rate of deposition and resultant minimal depth of deposited sediments over the four years of 

instream work, downstream sedimentation is not expected to have a measurable effect on aquatic 

macrophyte beds during the construction period. 

Loss of Aquatic Habitat in Footprint of Supporting Infrastructure 

The construction of cofferdams will result in the temporary loss of aquatic habitat in Gull Rapids 

(Section 3.4.1.1). Areas of filamentous algae may be negatively affected by the loss of aquatic habitat due 

to either cofferdam footprint or dewatered area; additionally, starting during construction, there would be 

a site-specific decrease in the production of drifting filamentous algae from Gull Rapids. 

4.3.4.1.3 South Access Road Stream Crossings 

No response is expected due to the input of sediments into natural watercourses as effects to surface 

water quality are predicted to be small due to the application of various mitigation measures 

(Section 2.5.1.7).  

At each of the three stream crossings, the footprint of the road, combined with the installation of the 

culvert(s), will result in several changes in aquatic habitat (Section 3.4.1.6). Aquatic plants that occur at 

proposed south access road stream crossings will be lost due to infilling of a relatively small amount of 

aquatic habitat at crossings. Potential effects to aquatic plants at the stream crossings will be addressed by 

following procedures described in the “Manitoba Stream Crossing Guidelines for Protection of Fish and 

Fish Habitat” and other pertinent regulatory guidelines. 

4.3.4.1.4 Net Effects of Construction with Mitigation 

The construction of cofferdams will result in a moderate reduction in the production of drifting, non-

vascular plant (filamentous algae) biomass originating from Gull Rapids. The decrease in filamentous 

algae is expected to be long-term due to effects continuing through the operation period.  

Access road stream crossings will result in the permanent loss of aquatic plants in the immediate 

footprint of the access road and culvert(s). 
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4.3.4.2 Operation Period 

Water flow-related aspects (e.g., flow regime and extremes, substrate composition and stability) typically 

determine the distribution and abundance of aquatic macrophyte communities. The extent to which 

reservoir development may affect aquatic macrophytes depends largely on existing water flow patterns, 

reservoir design, and the post-impoundment flow regime. Regulation of water flows affects the ability of 

macrophytes to attach to the substrate (Bunn and Arthington 2002), with successful colonization 

influenced by water level extremes (flooding, desiccation), localized variations in water velocity 

(turbulence, shear stress), timing, hydraulics, and substrate composition and stability (Nalcor Energy 

2009). 

4.3.4.2.1 Upstream of the Outlet of Clark Lake 

No response is expected. Selection of a 159 m ASL reservoir elevation instead of a higher elevation will 

avoid Project-related effects as Split Lake area is beyond the upstream extent of the expected hydraulic 

zone of influence. 

4.3.4.2.2 Outlet of Clark Lake to the Keeyask Generating Station 

Potential Project Effects and Proposed Mitigation 

Operation-related pathways that were assessed for potential effects to aquatic macrophyte distribution 

and abundance included: flooding (loss of existing habitats, creation of new habitats); conversion of 

existing hard substrates to silt/clay due to sedimentation in Gull Lake; increase in the frequency of water 

level fluctuations; and a reduction in the extent and severity of ice scour. Summaries of predicted 

responses of aquatic macrophytes to changes resulting from the operation of the Project are presented in 

Figure 4-5. Where feasible, the effects of these pathways were considered using modelling exercises 

(quantification of potential effects), empirical information from Stephens Lake and other reservoirs in 

northern Manitoba, reservoirs in other northern temperate areas, and the scientific literature. 

Assessment of Operation-Related Effects 

Modeling Approach 

Post-impoundment, the vast majority of existing aquatic vascular plant beds will be lost due to an 

increase in water levels (i.e., flooding) (Section 3.4.2.2; Table 4-16). A very small area with plants 

(approximately 0.1 to 2 ha, primarily in shallow, standing water habitat with soft, mineral-based 

substrates, depending on the GS mode of operation) will remain in the more riverine, upstream portion 

of the reservoir (reaches 2A-4). Aquatic plant beds are expected to begin to develop in the downstream 

portion of the Keeyask reservoir (reaches 5-9A) between 5 and 15 years after impoundment 

(Section 3.4.2.2; Table 4-16). New vascular plant beds will likely develop in shallow flooded areas  

(i.e., areas with standing water and soft, organic-based substrates) and other shallow areas that are 

characterized as having standing water and soft, mineral-based substrates, but the spatial extent and type 

of vegetation will depend on the interaction of effects related to bottom type, wave action, bottom slope, 

water quality (turbidity/light penetration), and ice scour (Map 3-35). Aquatic plants may experience 
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somewhat improved growing conditions due to a reduction in ice scour stress (i.e., potential increase in 

the amount of habitat suitable for attached plants) (Section 3.4.2.2). However, some evidence indicates 

that aquatic plants respond favourably to ice break-up disturbance, particularly after years of less severe 

break-up (Prowse and Culp 2003), therefore improved growing conditions may not be experienced by all 

plants in these areas of reduced ice scour stress. 

Model results indicate an expected area-wide (i.e., local extent) decrease in occupied aquatic macrophyte 

habitat in the long-term post-impoundment (Section 3.4.2.2; Table 4-16); although estimates vary from an 

approximate 20 ha reduction (i.e., a 9% loss relative to existing conditions) in occupied aquatic plant 

habitat (when the reservoir is at FSL; Table 4-16) to a 158 ha decrease (i.e., a 76% loss relative to existing 

condition) (when the reservoir is at MOL; Table 4-16). A relatively large amount of anticipated occupied 

plant habitat will be found within the portion of the littoral zone that is expected to be more or less 

dewatered on a frequent or infrequent basis depending on the mode of GS operation (peaking or base 

loaded). Water level cycling during peaking mode of operation in the future reservoir (i.e., increased 

frequency of water level fluctuations in comparison to the existing environment) will degrade the quality 

of a portion of the upper littoral zone and aquatic macrophyte abundance, distribution, and community 

composition will likely respond to this cycling. When the GS is operating in peaking mode, water levels in 

the 19 km section of the reservoir upstream of the powerhouse could fluctuate by as much as 1.0 m per 

day (excluding wind effects); the magnitude of water level variation would diminish further upstream to 

the upstream boundary of the hydraulic zone of influence (Section 3.4.2.2). The negative effects of 

fluctuating water level may be less severe if the water is transparent, due to the wider productive zone, 

than if it is turbid (Rorslett 1988). The water quality assessment predicts reduced water clarity in flooded 

bay areas (particularly in shallow flooded bays off the mainstem of present-day Gull Lake), with greatest 

effects expected in the first year of impoundment and declining thereafter as peatland disintegration and 

erosion declines (Section 2.5.2.2). New vegetation in the upper littoral may consist of more disturbance-

tolerant species due to any ongoing shoreline erosion and reductions in water clarity, and increased 

frequency of fluctuating water levels. Examples of such aquatic plant species in the Keeyask area include 

common spikerush, common mare‟s tail, lady‟s thumb, and white water-crowfoot. 

The expected long-term reduction in aquatic habitat that produces filamentous algae (i.e., fast water, hard 

substrate at rapids being lost due to flooding) will possibly result in up to an approximate 60% decrease 

in the production of drifting, non-vascular plant biomass from predominantly within Birthday Rapids 

(Appendix 3D, Table 3D-1). Although water velocity is being reduced and water depth is increasing in 

areas of the reservoir, water flow is expected to be adequate (short water residence time; low-medium-

high water velocity aquatic habitat present) through shallow portions (shallow portion corresponds to 

euphotic zone) of the mainstem to produce drifting, non-vascular plant biomass. There will also be a 

substantial decrease in the production of drifting vascular plant biomass from predominantly within Gull 

Lake for at least 15 years post-impoundment as new, vegetated littoral habitat is established. A 

corresponding decline in the contribution of detritus (i.e., organic carbon in the form of aquatic plant 

material) to downstream food webs will also likely occur. 
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Information from Other Reservoirs 

Studies of water flow modifications in many temperate rivers show increases in aquatic macrophyte 

abundance following inundation (Bunn and Arthington 2002). This is due to the ability of plant species to 

proliferate in the slower flow rates and wider littoral zones associated with typical reservoir habitat. The 

limited areas of aquatic vegetation within the Keeyask area are in relatively protected bays (i.e., off-current 

areas). Most species present are adapted to the existing conditions of the already regulated Nelson River: 

shallow, soft-bottom, minimal water velocity areas with annual water level fluctuations as much as 2.2 m 

(post-impoundment water level fluctuations will be reduced to 1.0 m, but with increased frequency  

[i.e., daily vs. annual]). 

In Stephens Lake, the occurrence of aquatic plants was generally restricted to areas shallower than 2 m 

water depth, although some plants were observed in water depths up to 3 m. Distribution tended to be 

patchy with localized macrophyte beds ranging from relatively very sparse to dense. Pondweeds, northern 

watermilfoil, and water smartweed were the most common plants observed, with Richardson‟s pondweed 

and northern watermilfoil being the most abundant and relatively dense. Aquatic plants were most 

abundant in shallow water areas with soft, mineral-based sediments. The intermittently exposed portion 

of this habitat type was dominated by Richardson‟s pondweed; however, northern watermilfoil was also 

relatively common and Stukenia spp. and aquatic moss species were also found. The community sampled 

in the predominantly wetted portion was almost exclusively Richardson‟s pondweed. In shallow water 

habitat with soft, organic-based sediments, most typically observed at the terminal ends of the inundated 

bays (e.g., Ross Wright Bay), the community composition shifted and northern watermilfoil was 

predominant with water smartweed also being abundant in localized areas. Species that are more tolerant 

of periodic dewatering and ice scour stress were not observed in the areas sampled. 

Elders and resource harvesters from TCN have stated that there has been a large decrease in plant life 

(including areas of very large reeds) in Stephens Lake that they feel is due in part to deeper, more turbid 

water, which does not allow the sun to reach the plants. They stated that the loss of plants appears more 

prevalent in the last ten years (changes started in 1984 or 1985), which they related to an observed 

decrease in water quality. The resource harvesters also commented on the colour of the algae attached to 

rocks along the shoreline, which they say has changed from green to a „brownish colour‟. These changes 

were linked to hydroelectric development in general and not to one specific project (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996c). 

Few aquatic macrophytes were found in the lower Nelson River mainstem during surveys conducted in 

1992 (NSC 2012). The majority identified were located along a shallow 3 km reach of the north shore of 

the Long Spruce reservoir, an area that was flooded in 1979 (impounded for approximately 13 years at 

the time of sampling). Within this area, a macrophyte community, including two sedges (water sedge 

[Carex aquatilis] and common spike-rush) and water parsnip (Sium sauve), covered approximately 90% of 

the shoreline. In the same area, approximately 10–20% of the littoral zone supported beds of submerged 

plants dominated by Richardson‟s pondweed. Over the remainder of the Long Spruce reservoir, aquatic 

plant growth was patchy and limited to bays or flooded islands. Only 5–10% of the shoreline supported 

emergent vegetation and less than 1% of the littoral zone contained submergent macrophytes. Limited 

growth of submerged rooted vegetation is typical of reservoirs with pronounced water level fluctuations, 
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where little permanently wetted habitat receives sufficient light to support photosynthesis during the 

growing season. In addition, the limited area of fine-textured substratum along the shoreline and periodic 

ice-scour on the lower Nelson River limit potential habitat for macrophytes. 

In contrast to the Long Spruce reservoir, no aquatic macrophytes were observed in 1992 along the entire 

shoreline of the Limestone reservoir, including the creek mouths (sampled approximately three years 

after impoundment) (NSC 2012). Studies conducted in 2004, subsequent to the completion of the 

Limestone Monitoring Program, have found that aquatic plants have colonized limited areas in sheltered 

aquatic habitats such as flooded creek mouths and bays (Burt 2007). 

Typically, changes in the littoral zone of regulated lakes result from alterations in water level fluctuation 

(extent, frequency). As reported in numerous Scandinavian lakes, exposure and erosional processes 

directly affect the littoral zone, disrupting the rooted aquatic macrophytes and affecting the succession of 

vegetation species (Hellsten 2000). The new vegetation on eroded shores typically consists of 

disturbance-tolerant species (e.g., white-water crowfoot, common spikerush) adapted to the altered 

ecological environment (e.g., Murphy et al., 1990), which is under succession for several decades (Nilsson 

and Keddy 1988). The effects of water level regulation are also related to water quality. When the water is 

transparent, the negative effects of a fluctuating water level are less severe due to the wider productive 

zone, than in the case of turbid water (Rorslett 1988). In the upper littoral, white-water crowfoot and 

common spikerush are relatively tolerant of bottom freezing, intermittent exposure, and erosion; 

pondweeds (specifically, Potamogeton spp.) grow in deeper water to avoid the ice pressure zone (sensitive 

to ice) (Hellsten 2000). 

4.3.4.2.3 Downstream of the Keeyask Generating Station 

Operation-related pathways that were assessed for potential effects to aquatic macrophyte distribution 

and abundance included: a reduction in the extent and severity of ice scour and deposition of fine 

sediments in certain areas near the inflow of the river to Stephens Lake, and direct loss of aquatic habitat 

due to dewatering of Gull Rapids and the footprint of the GS structure. Summaries of predicted 

responses of aquatic macrophytes to changes resulting from the operation of the Project are presented in 

Figure 4-6. Where feasible, the effects of these pathways were considered using modelling exercises 

(quantification of potential effects), empirical information from Stephens Lake and other reservoirs in 

northern Manitoba, reservoirs in other northern temperate areas, and the scientific literature. 

The direct loss of aquatic habitat that seems to produce filamentous algae (i.e., fast water, hard substrate 

at rapids being lost due to dewatering and GS footprint) may result in a decrease in the production of 

drifting, non-vascular plant biomass (predominantly filamentous algae) from within Gull Rapids. 

Additionally, the GS itself will act as a physical barrier, thereby impeding or restricting the drift of plant 

biomass downstream to some extent. 

4.3.4.2.4 Access Road Stream Crossings 

Loss of aquatic plants due to the placement of the culvert and alteration due to the placement of riprap in 

the smaller streams will continue through the operating period. No incremental effects related to 

sediment inputs from erosion are expected due to the application of erosion control measures. No effects 

to aquatic plants in Looking Back Creek are expected. 
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4.3.4.2.5 Net Effects of Operation with Mitigation 

The impoundment of the Nelson River at Gull Rapids will produce large changes in the aquatic 

macrophyte community, predominantly within the more lacustrine, downstream portion of the reservoir 

and to a lesser extent in the Nelson River immediately downstream of the GS. Post-impoundment, the 

vast majority of existing aquatic vascular plant beds will be lost due to flooding. This will also result in a 

substantial decrease in the production of drifting vascular plant biomass from predominantly within Gull 

Lake for up to 15 years post-impoundment as new, vegetated littoral habitat is established, and a 

corresponding decline in the contribution of detritus to downstream food webs. Overall, a reduction in 

occupied aquatic macrophyte habitat is expected in the reservoir in the long-term. New vegetation in the 

upper littoral may consist of more disturbance-tolerant species due to any ongoing shoreline erosion and 

reductions in water clarity, and increased frequency of fluctuating water levels. Examples of such aquatic 

plant species in the Keeyask area include common spikerush, common mare‟s tail, lady‟s thumb, and 

white water-crowfoot. Species that are more tolerant of periodic dewatering and ice scour stress were not 

observed in the intermittently exposed, shallow areas sampled in Stephens Lake during the environmental 

studies; depending on the substrate type, either Richardson‟s pondweed (mineral-based sediments) or 

northern watermilfoil (organic-based sediments) dominated the community. The reduction in fast water 

(high velocity) and hard substrate at rapids due to flooding, dewatering, and/or footprint of GS will result 

in a reduction in the production of drifting, non-vascular plant (filamentous algae) biomass and a 

corresponding decline in the contribution of detritus to downstream food webs. 

Access road stream crossings will result in the loss of aquatic plants in the immediate footprint of the 

access road and culvert(s). 

4.3.4.3 Residual Effects 

4.3.4.3.1 Construction Period 

The residual effects of construction will include a moderate decrease in the production of filamentous 

algae in Gull Rapids as the area is progressively dewatered during the construction of cofferdams.  

No residual effects on aquatic macrophytes are expected. 

4.3.4.3.2 Operation Period 

The residual effects of operation on aquatic macrophytes and attached algae are: 

 Loss of existing plant beds in Gull Lake; 

 Establishment of new plant beds 10–15 years post-impoundment, though the total area occupied is 

expected on average to be less than in the existing environment given that many shallow flooded 

areas are organic and that plants in the reservoir are expected to colonize and inhabit less of the 

available habitat (based on a study of Stephens Lake); and 

 A reduction in the production of drifting, filamentous algae from fast-flowing hard substrate areas of 

the river. 
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4.3.4.3.3 Summary of Residual Effects 

The effects of the construction and operation of the Project on aquatic macrophytes are expected to 

occur over a medium extent in the reservoir, and will be large in the short-term, decreasing to small in the 

long-term. The effects of the construction and operation of the Project on attached algae are expected to 

be large over a small geographic extent (at the GS site), small over a medium geographic extent (local area 

with the reservoir and immediately downstream in Stephens Lake), and long-term. Expected residual 

effects to the aquatic plant community in terms of abundance were assessed and are presented in 

Table 4-17A and Table 4-17B for the construction and operation periods, respectively. 

The technical aquatic macrophyte and attached algae assessment is based on models, scientific literature, 

and information collected from a proxy reservoir (i.e., Stephens Lake) and the overall certainty associated 

with the predictions is moderate to high. Overall, there is high certainty regarding the nature and 

direction of effects and the magnitude of effects predicted for the loss of existing plant beds and 

reduction in aquatic habitat that produces filamentous algae, and moderate certainty regarding the 

magnitude of effects predicted for the colonization of flooded areas. 

4.3.4.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Response to EIS Guidelines, Environmental Monitoring Plans have 

been developed as part of the Environmental Protection Program for the Project. A comprehensive 

AEMP will be developed that specifically outlines monitoring to measure the effects of the Project on the 

aquatic environment, and discusses how results will be used as a basis for adaptive management. The 

AEMP will include monitoring of the aquatic macrophyte community to verify the results of the 

macrophyte assessment (e.g., to determine whether aquatic plants colonized the flooded areas as 

predicted). 

Aquatic macrophyte community variables are not considered VECs from an environmental assessment 

perspective; however, as supporting variables for other AEMP components, aquatic plant community 

variables do provide important measurement endpoints indicating the suitability of waterbodies to 

support aquatic life, and indicating potential change within or outside the range of natural variability that 

may be attributed to the operation of the Project. 

The aquatic macrophyte community AEMP would likely be conducted in conjunction with aquatic 

habitat monitoring and monitoring activities would likely take place within the specific effects monitoring 

SEM category. The SEM category encompasses more focussed monitoring components that would be 

geared towards evaluating effects of the Project in relation to predicted site-specific and/or local effects 

(e.g., a large increase in aquatic macrophyte cover is expected in the reservoir in the long term in response 

to the increased availability of aquatic habitat [creation of shallow flooded areas with organic-based or 

mineral-based substrates]. New vegetation in the upper littoral would likely consist of disturbance-

tolerant species due to eroding shoreline, increased frequency of fluctuating water levels, increase in TSS, 

and overall reduced water clarity). Aquatic plant community monitoring would be conducted annually 

during in-stream construction and for the first three years of operation; monitoring would then be 

conducted every three to five years for the first 20–30 years of operation, depending on results obtained. 
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Reports detailing the outcomes of monitoring programs will be prepared and submitted to MCWS and 

DFO, in compliance with the Environment Act and the Fisheries Act, respectively. 

4.4 ZOOPLANKTON 

4.4.1 Introduction  

Zooplankton are very small animals without backbones (invertebrates) living in the water column and are 

consumed by larval, juvenile, and adult (e.g., cisco) fish. This study includes all zooplankton retained by a 

63 μm mesh size. Three important groups in the open water are Cladocera (water fleas), and calanoid and 

cyclopoid Copepoda (copepods) (Photo 4-6). 

 

 

Source: Saskatchewan Environment [K. Scott], 2003 

Photo 4-6: Representatives of cyclopoid (top panel) and calanoid (bottom panel) 

copepods 
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Cladocerans reproduce asexually for the majority of the year in most habitats, enabling this group to 

increase rapidly in density in response to favourable environmental conditions (e.g., warming water 

temperatures, increasing food availability). Copepod reproduction is exclusively sexual; their lifecycle is 

quite prolonged to accommodate several developmental stages. In comparison to cladocerans, copepods 

are slow reproducers requiring several months to years to complete a lifecycle. As a result, cladocerans are 

able to take advantage of favourable growing conditions and peak in abundance, while the copepods are 

not.  

Most species of cladocerans and copepods feed by filtering or grazing particles (bacteria, detritus, and 

phytoplankton) from the water, though there are a few predatory species. The availability and quality of 

food (e.g., amount and kinds phytoplankton), the number of predators (e.g., other invertebrates, fish), and 

water residence time affect the abundance of zooplankton; in rapidly flushed lakes and rivers little 

zooplankton biomass accumulates except in areas where there is little current. Impoundment of rivers to 

form reservoirs may lead to an increase in zooplankton production. 

4.4.2 Approach and Methods 

4.4.2.1 Overview to Approach 

The approach taken for the zooplankton effects assessment was similar to the general approach taken for 

other aquatic environment components and was comprised of two major steps: 

 A description of the existing aquatic habitat conditions to provide the basis for assessing the 

potential effects of the Project on these components; and  

 An effects assessment in which the predicted post-Project environment was described and changes 

from existing environment quantified. 

An ecosystem-based approach was employed to assess the potential impacts of the Project on the 

zooplankton community. Information presented incorporates findings from other aquatic environment 

components (e.g., surface water quality and aquatic habitat). This approach is consistent with the views 

held by the KCNs, and widely held ecological views, that all components of the aquatic environment are 

important to maintaining the whole, and that all organisms are interdependent and, therefore, of 

importance and value. 

The environmental setting is described using several sources of information, including: existing published 

information; and studies conducted specifically as part of the Keeyask environmental studies in 2001 and 

2002. Potential Project-related effects on the zooplankton community were assessed using basic models 

(i.e., simple conceptual models, quantitative models based on changes in habitat area, and qualitative 

empirical models based on observed changes in the environment following similar developments in other 

Manitoba settings and in northern environments). These sources of information and effects assessment 

approaches are described in the following sections. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-43 

4.4.2.2 Study Area 

The study area for zooplankton investigations extends along the Nelson River from Split Lake 

downstream to Stephens Lake in the east (Map 1-2). The magnitude of physical change (e.g., changes in 

water levels and flows) differs substantially among areas (Section 3.2.2) and, consequently, the 

zooplankton study area was divided into three areas on the Nelson River as follows: 

 Split Lake area (Split Lake and adjoining waterbodies, including Assean Lake and Clark Lake). This 

area is upstream of any direct Project influence. The zooplankton community in this area was 

described to provide supporting information for studies of other aquatic biota (Section 5 and 

Section 6). 

 Keeyask area (Nelson River extending from the outlet of Clark Lake to approximately 3 km 

downstream of Gull Rapids, i.e., hydraulic zone of influence, and tributary streams). Project-related 

changes to the water regime and direct losses of habitat due to the presence of the GS will occur 

within this reach (Section 3.2.2). This area was subdivided at Gull Rapids, as the rapids mark a 

boundary between the reservoir and downstream environment in the post-Project environment. 

 Stephens Lake area (Stephens Lake and adjoining waterbodies). This area is immediately downstream 

of the Keeyask area and the Project will not affect the water regime. Stephens Lake, as the reservoir 

of the Kettle GS formed in the early 1970s, provides a useful proxy to assist in predicting effects of 

the Project (Section 1). The zooplankton community in Stephens Lake could also be affected by 

changes in the immediate upstream environment. 

The majority of lower trophic levels investigations were conducted in the Keeyask area, as this area will 

be directly affected by the Project. 

4.4.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for zooplankton are detailed below.  

Few zooplankton community studies have been previously conducted in the Aquatic Environment Study 

Area. Any data collection programs were primarily focussed on the effects of hydroelectric generating 

stations (e.g., construction and operation of the Kettle GS) or on the effects of the CRD/LWR project 

and were limited to GS reservoirs along the lower Nelson River, and Split and Stephens lakes. 

Zooplankton data were collected in Split and Stephens lakes between 1986 and 1989 as part of the 

MEMP (Ramsey et al. 1989; Janusz 1990b). In 1992 and 2002, limited zooplankton data were collected as 

part of the Lower Nelson River Forebay Monitoring Program (included Long Spruce and Limestone 

reservoirs, and the lower Nelson River) (Schneider and Baker 1993; NSC 2012) and again in 2004 as part 

of the Conawapa GS environmental studies (Burt and Neufeld 2007a). The effects of previous 

hydroelectric development in northern Manitoba were assessed on the Split Lake RMA as part of the 

Split Lake Cree PPER (Split Lake Cree - Manitoba Hydro Joint Study Group 1996c). 
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As the abundance and composition of zooplankton varies throughout the year due to seasonal variations 

in food availability and water temperature, zooplankton were collected from Split Lake, Clark Lake, 

Assean Lake, Gull Lake, and Stephens Lake during four sampling periods (June, July, August, and 

September/October) in 2001 and 2002 in the study area. The detailed approach and methods for 

zooplankton community studies conducted in 2001 and 2002 are presented in Appendix 4A. 

4.4.2.4 Assessment Approach 

Given the complexity of the aquatic ecosystem, models were used for predicting effects of the Project. 

Within the aquatic assessment, the complexity of models employed depended on: the importance of the 

issue; availability of information or suitable models; and utility of modelling approaches. 

Basic model types used to assess potential Project effects on the zooplankton community were: 

 Simple conceptual models (e.g., alteration in off-current areas with respect to nutrient and TSS 

concentrations leads to an indirect effect on zooplankton abundance). The scientific literature was 

used to describe and support linkages to the Project. 

 Quantitative models based on changes in aquatic habitat area (e.g., calculation of total zooplankton 

abundance [i.e., „standing stock‟] increase post-impoundment based on the predicted increase in 

reservoir volume) over the short term and long-term post-Project. 

 Qualitative empirical models based on observed changes in the environment following similar 

developments in other Manitoba settings and in northern environments. For example, Stephens Lake 

was used as a surrogate for post-Project conditions in the Keeyask reservoir. 

The evaluation of certainty for predicted effects was based in part on the agreement of predicted effects 

among the various approaches. 

4.4.3 Environmental Setting 

4.4.3.1 Overview and Regional Context 

The environmental setting has been described based on available background data and information 

collected in the course of the Keeyask environmental studies. The zooplankton community in the study 

area has been influenced by past hydroelectric development in northern Manitoba (e.g., Kelsey GS, CRD, 

and LWR). 

Thirty-two taxa of zooplankton have been recorded in the study area between 2001 and 2002 

(Appendix 4B); however, community composition is discussed below in terms of major groups. There 

were no invasive zooplankton species observed in the study area (Invasive Species Council of Manitoba 

2012). 

Zooplankton abundance varied within study area lakes in both study years. Abundances were higher at 

standing-water sites (secluded bays that were relatively isolated from the flow in the Nelson River) than at 

flowing-water sites (mainstem). Overall, mean zooplankton abundance for each open water season 

investigated was highest in Assean Lake, an un-regulated waterbody removed from any influences of the 
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Nelson River, followed by Split, Clark, Gull, and Stephens lakes. Shorter water residence times and higher 

turbidity at flowing-water sites reduce the ability for zooplankton to maintain positive net growth rates 

due to downstream losses. Although zooplankton abundance differed among lakes sampled, the number 

of different species observed was comparable among areas. 

The most diverse zooplankton community was observed in Split Lake during the study period, followed 

by Assean, Stephens, Clark and Gull lakes. Zooplankton abundance for the majority of sites sampled was 

typically higher during the summer months, and into the fall for some sites; this pattern was reversed in 

Gull Lake in 2002, with abundances peaking in the spring and early summer. Copepoda (predominantly 

cyclopoids) were more abundant than cladocerans in the spring throughout the study area and dominated 

the community. This was as expected since cladoceran species overwinter in low population densities as 

either adult females or resting eggs (Wetzel 1983). In early summer, there was a shift in the zooplankton 

community; cladoceran densities tended to increase and they often predominated throughout the 

remainder of the open water sampling program. 

Zooplankton data were not collected at access road stream crossing locations. Planktonic crustacean 

zooplankton cannot maintain positive net growth rates in small streams for a number of reasons 

including downstream losses; as a result, they constitute a relatively unimportant component of the lower 

trophic level community in these environments (Hynes 1970). The benthic community tends to dominate 

invertebrate production in small streams (Horne and Goldman 1994). 

Zooplankton abundance and composition within the study area were comparable to other waterbodies in 

northern Manitoba. Lakes within the Burntwood River system including Notigi, Wapisu, Threepoint, 

Sesep, Wuskwatim, Opegano, and Birch Tree lakes and Wuskwatim Brook, had similar zooplankton 

seasonal trends and variability as lakes in the study area (Manitoba Hydro and NCN 2003). 

Similar to the study area lakes, zooplankton generally peaked within the Burntwood River system in July 

or August with cladoceran abundances increasing as the open water season progressed. Not 

unexpectedly, the June sampling period was dominated by copepods as it was in the Aquatic 

Environment Study Area lakes.  

Off-system lakes in each system (i.e., Leftrook Lake on the Burntwood system and Assean Lake in the 

study area) were observed to have greater zooplankton abundances in comparison to their corresponding 

on-system lakes. Relatively higher zooplankton abundances in Leftrook and Assean lakes were likely 

related to lower turbidity and less zooplankton loss due to downstream water movement in these lakes in 

comparison to their corresponding on-system lakes. In both the Burntwood system and Aquatic 

Environment Study Area, higher current areas typically had lower zooplankton abundances. In general, 

water velocity is negatively correlated to zooplankton biomass (Wetzel 2001). 

4.4.3.2 Split Lake Area 

In the late 1980s, zooplankton biomasses in Split Lake were found to be within the range at other 

mainstem sampling locations (Ramsey et al. 1989). Seasonal mean zooplankton biomass was similar 

between years and copepods dominated in both years of the study. Inter-annual variability in 

zooplankton abundance and composition (i.e., the timing of the seasonal maximum and the dominant 

zooplankton group varied among years) was evident for the majority of locations sampled. 
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In the Split Lake area during the environmental studies, overall mean zooplankton abundance was 

greatest in Assean Lake, an unregulated waterbody with relatively little water movement, followed by Split 

and Clark lakes (Table 4-18). In Assean Lake, the overall mean catch densities in 2001 and 2002 were 

47,516 and 42,254 individuals/m3, respectively. Overall zooplankton densities were notably lower in Split 

Lake (standing and flowing water sites: 2,929 and 6,380 individuals/m3 in 2001 and 2002, respectively) 

and Clark Lake (flowing water sites: 2,672 and 2,845 individuals/m3 in 2001 and 2002, respectively). If 

only standing water sites in Split Lake were considered, overall zooplankton density was considerably 

higher (standing water sites: 7,619 and 14,664 individuals/m3 in 2001 and 2002, respectively) than when 

both standing and flowing water sites were considered (Table 4-18). The catch densities within each lake 

varied between years and among sites and sampling dates (Table 4-18, Figure 4-7, Figure 4-8 and 

Figure 4-9). 

Diversity of the zooplankton community was highest in Split Lake with 30 cladoceran and copepod taxa 

observed in 2001 and 27 in 2002 (Table 4-19). Total zooplankton abundance was greater in areas of Split 

Lake with standing water (Figure 4-7). Zooplankton abundance varied among sites and sampling periods, 

and between years; however, with the exception of early season peaks in abundance at a few sites, 

zooplankton tended to be more abundant during the summer months. Copepods, predominantly 

cyclopoids, comprised the majority of the community sampled in the spring with cladocerans increasing 

in abundance as the open-water season progressed and dominating the community during the summer 

months and into the fall. 

Zooplankton diversity in the Split Lake area was lower in Clark Lake in comparison to the other 

waterbodies sampled (Table 4-19). As was observed for the majority of sites sampled in Split Lake, 

zooplankton abundance peaked during the summer months. Cyclopoid copepods were most abundant in 

the spring and cladocerans became increasingly abundant throughout the summer and fall (Figure 4-8). 

Twenty-seven cladoceran and copepod taxa were collected from Assean Lake in 2001, and 23 taxa were 

collected in 2002 (Table 4-19). Although zooplankton abundance varied among sites and sampling 

periods, and between years, total abundance was typically higher in late summer and into the fall 

(Figure 4-9). Copepods, predominantly cyclopoids, comprised the majority of the community sampled in 

the spring and earlier summer with cladocerans increasing in abundance as the open-water season 

progressed. 

4.4.3.3 Keeyask Area 

No data or assessment of the effects of hydroelectric development on the zooplankton community prior 

to 1997 in the reach of the Nelson River between Clark Lake and Stephens Lake were located in the 

published literature. 

In Gull Lake, the overall mean catch densities in 2001 and 2002 were 779 and 705 individuals/m3, 

respectively (Table 4-18). Zooplankton abundance varied between years, and among sampling sites and 

dates (Table 4-18 and Figure 4-10).  

Twenty-one zooplankton taxa were collected from flowing water areas of Gull Lake in 2001 and 2002 

(Table 4-19). In 2001, total abundance was higher later in the summer and into the fall; however, this 

pattern was reversed in 2002 (Figure 4-10). Although the total zooplankton abundance seasonal pattern 
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differed between study years, the composition of the community reflected that observed in other parts of 

the study area; cyclopoids comprised the majority of the community sampled in the spring and earlier 

summer with cladocerans contributing to a greater proportion of the community later in the season. 

4.4.3.4 Stephens Lake Area 

In the late 1980s, the zooplankton communities at the mainstem stations in Stephens Lake were 

described by Ramsey et al. (1989) as being the most depauperate of all those included in the MEMP (i.e., 

Cross, Split, and Sipiwesk lakes). This result was attributed to the short water retention time, which did 

not permit zooplankton biomass to accumulate. Copepods were the dominant zooplankton group. As 

was observed in other lakes on the Nelson River system, higher zooplankton standing stocks were found 

to occur in backwater areas of Stephens Lake, than at the mainstem locations (Ramsey et al. 1989; TetrES 

Consultants Inc. and NSC 1998). Similar to mainstem locations, copepods dominated the community, 

accounting for the majority of the mean total biomass in backwater areas. 

In Stephens Lake, overall mean zooplankton density was 264 and 761 individuals/m3 in 2001 and 2002, 

respectively (Table 4-18). Catch densities varied between years, and among sampling sites and dates 

(Table 4-18 and Figure 4-11). 

During the study period, diversity of zooplankton was highest in 2001 with 24 taxa represented 

(Table 4-19). With the exception of one site in 2002 that peaked in abundance in the fall, zooplankton 

were most abundant during the summer months (Figure 4-11). The composition of the community 

reflected that observed in other parts of the study area. 

4.4.3.5 Current Trends 

Limited historic zooplankton data were collected from Split and Stephens lakes in the late 1980s as part 

of the MEMP. Comparison of these data with zooplankton data collected as part of the Keeyask 

environmental studies for the purpose of assessing current trends is limited. There were differences in 

sampling and analytical methods employed between studies, and zooplankton abundance and 

composition varied considerably within waterbodies and between study years. However, qualitative 

comparisons of zooplankton data over time are presented.  

Zooplankton biomass at Stephens Lake mainstem sites in the 1980s was the lowest of all the lakes 

sampled under the MEMP (i.e., Cross, Split, and Sipiwesk lakes), while zooplankton biomass in Split Lake 

was higher and found to be comparable to other Nelson River mainstem sampling locations. Of the lakes 

sampled in the current study area, overall mean zooplankton abundance in the open water season was 

highest in Assean Lake, an unregulated waterbody removed from any influences of the Nelson River, 

followed by Split, Clark, Gull, and Stephens lakes. In the 1980s and the current study, higher zooplankton 

abundances were found to occur in backwater areas (i.e., standing water sampling sites) than at mainstem 

locations (i.e., flowing water sampling sites). Copepods tended to dominate the community sampled in 

the late 1980s. In the current study, copepods, predominantly cyclopoids, comprised the majority of the 

community sampled in the spring and earlier summer, with cladocerans increasing in abundance as the 

open water season progressed and contributing to a greater proportion of the community later in the 
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season. Inter-annual variability in zooplankton abundance and composition was evident for the majority 

of locations sampled for both studies.  

4.4.4 Project Effects, Mitigation and Monitoring 

4.4.4.1 Construction Period 

An assessment of potential Project effects on the zooplankton community during the construction period 

is based on the assessment of construction-related effects to surface water quality (Section 2.5.1, 

Table 2-12) and phytoplankton (Section 4.2.4.1). The primary potential effect(s) on zooplankton is related 

to inputs affecting water quality, such as increases in TSS concentrations and related variables (i.e., 

turbidity) due to instream activities (e.g., cofferdam placement and removal, river impoundment and 

diversion), and inputs or construction activities that affect dissolved oxygen (DO) concentrations in the 

lower Nelson River. Additionally, the zooplankton community may respond to any changes in 

phytoplankton as a result of inputs affecting water quality (Section 4.2.4.1). It is expected that 

construction effects (i.e., inputs affecting water quality) will be managed through appropriate mitigation 

measures (Section 2.5.1), thereby reducing the duration and magnitude of any construction-related effects 

on the zooplankton community. 

Currently, zooplankton abundance is relatively low at flowing water sites; zooplankton living in the water 

column in comparison to microcrustaceans that live associated with substrates (e.g., bottom sediments, 

aquatic macrophytes) tend to be relatively unimportant in lotic environments as these organisms cannot 

maintain positive net growth rates (Hynes 1970). 

4.4.4.1.1 Upstream of the Outlet of Clark Lake 

No construction-related effects on the zooplankton community are expected upstream of the outlet of 

Clark Lake as there are no linkages between Project construction and surface water quality in Split, 

Assean, or Clark Lakes (Section 2.5.1).  

4.4.4.1.2 Downstream of the Outlet of Clark Lake 

The following sub-sections present the assessment of potential effects of construction activities on the 

zooplankton community in the Keeyask area and downstream. 

Changes to Water Quality 

Total Suspended Solids, Turbidity, and Water Clarity 

Overall, the activities with the greatest potential to increase TSS concentrations in the lower Nelson River 

during construction of the GS are related to cofferdam placement and removal, and river impoundment 

and diversion (Section 2.5.1.1). Effects of suspended fine sediments on zooplankton are likely primarily 

related to its effect on zooplankton behaviour; the addition of suspended inorganic sediments typically 

decreases the feeding rate/activity (i.e., ingestion and incorporation rates of algae) of filter-feeding 

zooplankton (e.g., cladocerans such as Daphnia and Bosmina; calanoid copepods). The negative effect of 

additional suspended sediments on zooplankton feeding rate may be lessened if organic matter is 
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adsorbed to the sediment particles, as the particles would then be useful as food. Generally, the 

construction and removal of cofferdams will generate an increase of less than 5 mg/L of TSS above 

background downstream of Gull Rapids (Section 2.5.1). Larger TSS increases are expected to be of 

relatively small magnitude and short duration. Peak levels are predicted to be up to 15 mg/L for one day 

or up to 7 mg/L for one month (Section 2.5.1). Drainage of surface runoff to the Nelson River will be 

controlled through a Drainage Management Plan (as described in the PD) to minimize the amount of 

sediment produced and the potential for sediment to enter watercourses. If the TSS concentration in 

water pumped out of cofferdam and excavation areas and in concrete wash water is greater than 25 mg/L 

the water will remain in a settling pond until it meets this TSS criterion before being discharged to the 

Nelson River. As the magnitude and duration of any increases in TSS are typically within the 30-day 

MWQSOG for PAL (an increase of 5 mg/L above background where background is less than or equal to 

25 mg/L), the zooplankton community may be somewhat negatively affected in this downstream 

environment as their feeding rate may be reduced by suspended sediments, particularly mineral-based 

sediments (i.e., small, undetectable reductions in zooplankton abundance may occur in affected areas 

during the construction period).  

Dissolved Oxygen 

During the latter stages of the Stage II Diversion, when water levels are increased to near full supply 

level, flooding of organic materials is expected to reduce DO concentrations in flooded areas 

(Section 2.5.1.2). Additionally, the earlier initiation of ice bridging upstream of Gull Rapids may cause 

upstream water levels to increase by 0.5–1.5 m during Stage I and Stage II Diversion in the event of a 

construction design flood. While these water level increases would remain within the range of water levels 

expected under a similar flow event during Project operation, this occurrence during construction may 

lead to DO depletion related to decomposition of flooded organic materials similar to that which would 

occur in the initial period post-impoundment (Section 2.5.1.2). Similar to the operation period, refugia for 

zooplankton from planktivorous fish predation (e.g., rainbow smelt) may be created over flooded peat by 

low oxygen conditions (Paterson et al. 1997). 

Metals and Contaminants (e.g., Hydrocarbons) 

Small amounts of metals will be introduced into the aquatic environment in association with construction 

activities that release sediments, as discussed in Section 2.5.1.6. However, given the proposed mitigation 

measures to manage sediment levels, these inputs are not expected to cause marked increases in metal 

levels and, consequently, will have no detectable effect on the zooplankton community. 

The presence and levels of hydrocarbons in the aquatic environment could potentially be affected by 

accidental spills or release of substances containing hydrocarbons (e.g., diesel fuel, gasoline, lubricating oil, 

etc.). Other hazardous substances will also be used during the construction period. As described in 

Section 2.5.1.6, the release of significant quantities of hazardous substances to the aquatic environment as 

a result of accidental spills and releases is considered unlikely due to the development and 

implementation of good management practices. 
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Phytoplankton 

Predicted small reductions in phytoplankton biomass during Section construction (Section 4.2.4.1) may 

somewhat negatively affect zooplankton abundance during the construction period due to a decrease in a 

food source for filter feeding zooplankton. 

4.4.4.1.3 Net Effects of Construction with Mitigation 

Collectively, the above assessment points to the potential for small (i.e., undetectable) decreases in 

zooplankton abundance during the construction period. Changes in abundance would occur over the 

short term downstream of the outlet of Clark Lake. 

4.4.4.2 Operation Period 

The availability and quality of food (e.g., amount and kinds phytoplankton), the number of predators (e.g., 

other invertebrates, fish), and water residence time affect the abundance of zooplankton; in rapidly 

flushed lakes and rivers little zooplankton biomass accumulates except in areas where there is minimal 

water flow. Impoundment of rivers to form reservoirs may lead to an increase in zooplankton 

production. 

4.4.4.2.1 Upstream of the Outlet of Clark Lake 

No response is expected. Selection of a 159 m ASL reservoir elevation instead of a higher elevation will 

avoid Project-related effects as Split Lake area is beyond the upstream extent of the expected hydraulic 

zone of influence. 

4.4.4.2.2 Outlet of Clark Lake to the Keeyask Generating Station 

Potential Project Effects and Proposed Mitigation 

Operation-related pathways that were assessed for potential effects to the zooplankton community 

included: changes in surface water quality (e.g., DO concentrations) (Section 2.5.2.2), changes in reservoir 

water residence time (increase in water level and volume, reduction in water velocity) (Section 3.4.2.2), 

and changes in the phytoplankton (Section 4.2.4.2) and planktivorous fish communities (Section 5.4.2.2). 

Summaries of predicted responses of zooplankton to changes resulting from the operation of the Project 

are presented in Figure 4-5. Where feasible, the effects of these pathways were considered using 

modelling exercises (quantification of potential effects), empirical information from Stephens Lake and 

other reservoirs in northern Manitoba, reservoirs in other northern temperate areas, and the scientific 

literature. 

Assessment of Operation-Related Effects 

Modelling Approach 

Typically, predominantly riverine environments do not support an abundant zooplankton community. In 

many impoundments, zooplankton density rises in response to increases in the concentration of fine, 

particulate organic matter, water retention time, and phytoplankton biomass (Henriques 1987). Evidence 
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from other northern Manitoba reservoirs also indicates a small increase in zooplankton abundance 

because of conversion of river to reservoir habitat (NSC 2012). However, only small increases in mean 

zooplankton abundance along the mainstem are expected in the Keeyask reservoir as increased water 

residence time will remain too short to permit a measurable increase in abundance; although total 

abundance („standing stock‟) would increase with the predicted increase in reservoir volume (approximate 

doubling in comparison to the existing environment) (Section 3.4.2.2). Community composition should 

remain comparable to the current condition, with a community dominated by small cladocerans (e.g., 

Bosmina spp.) and cyclopoid copepods. The lack of detectable effects may be attributed to high water 

flushing rates through the mainstem portion of the reservoir (i.e., post-Project water residence time will 

be in the order of 15 to 30 hours, depending on flow; Section 3.4.2.2), and subsequently, the low 

accumulation of zooplankton in the reservoir. Short retention times are often associated with high 

turbulence (turbidity), a mixed waterbody, and a lack of thermal stratification. Zooplankton require a 

minimum retention time to allow development. If rates of water movement through a reservoir exceed a 

few millimetres per second, little plankton will develop (Hynes 1970). 

Off-current areas could experience small to moderate increases in zooplankton abundance as water 

residence time in bays is estimated to be substantially longer than in the mainstem and could be up to one 

month long (Section 3.4.2.2). Post-impoundment conditions may favour bacteria over phytoplankton 

(Paterson et al. 1997). The addition of large amounts of newly flooded terrestrial organic matter may 

stimulate bacterial activity (increase the flow of carbon to higher trophic levels through the detrital 

pathway) and increase bacterial biomass in the medium term (5–10 years post-impoundment) instead of 

phytoplankton. An increase in bacterial biomass could provide a post-flooding food resource for 

zooplankton leading to an increase in zooplankton density and a shift in community composition to 

larger daphnids (more effective grazers on bacteria). Additionally, refugia for zooplankton from 

planktivorous fish predation (e.g., rainbow smelt) may be created over flooded peat by low oxygen 

conditions (Paterson et al. 1997).  

Information from Other Reservoirs 

Shorter water residence times and higher turbidity at flowing water sites reduce the ability for 

zooplankton to maintain positive net growth rates due to downstream losses. Presently, mean 

zooplankton abundances during the open-water period (2001 and 2002) were higher at standing water 

(secluded bays that were relatively isolated from the flow in the Nelson River) sites than at flowing water 

(mainstem) ones (Section 4.4.3). Zooplankton abundance is variable and relatively low in study area 

waterbodies and downstream reservoirs (i.e., Long Spruce and Limestone reservoirs, 2002 and 2004 open 

water period); although mean densities were higher in Gull Lake (742 individuals/L) and downstream 

reservoirs (Long Spruce: 2,035 individuals/L; Limestone: 1,037 individuals/L) in comparison to Stephens 

Lake (512 individuals/L), they were all low in comparison to standing water sites in lacustrine 

environments (e.g., Assean Lake with greater than 40,000 individuals/L). Total suspended sediments and 

turbidity decrease along the flow of the Nelson River to the lower Nelson River (NSC 2012), which may 

contribute to the higher zooplankton densities observed in the downstream reservoirs in comparison to 

Stephens Lake. Despite the differences in mean zooplankton abundances among the waterbodies, overall 

community composition was similar between Gull (42% cladocerans, 14% calanoids, 44% cyclopoids) 
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and Stephens lakes (52% cladocerans, 10% calanoids, 37% cyclopoids); cladocerans were more dominant 

in the downstream reservoirs (60–68%). The dominant cladoceran in each waterbody was Bosmina spp. 

In the late 1980s, the zooplankton communities at the mainstem stations in Stephens Lake were 

described by Ramsey et al. (1989) as being the most depauperate of all those included in the provincial 

EMP study (e.g., Cross, Split, and Sipiwesk lakes). This result was attributed to the short water retention 

time, which did not permit zooplankton biomass to accumulate. Copepods (calanoids, cyclopoids) were 

the dominant zooplankton group. As was observed in other lakes on the Nelson River system, higher 

zooplankton standing stocks were found to occur in backwater areas (i.e., off-current) of Stephens Lake 

rather than at the mainstem locations, which supports the likelihood of an increase in zooplankton 

abundance in reservoir bays post-impoundment (Ramsey et al. 1989; TetrES Consultants Inc. and NSC 

1998). Similar to mainstem locations, copepods dominated the community, accounting for the majority 

of the mean total biomass in backwater areas. 

In the first few years of impoundment, large zooplankton populations may develop in flooded terrestrial 

areas where primary producers (periphyton, phytoplankton) are able to develop, with littoral cladocerans 

becoming particularly abundant (Northcote and Atagi 1997). Typically, post-impoundment increases in 

zooplankton abundance or biomass follow the changes in phytoplankton biomass. For example, in the 

Robert-Bourassa reservoir in Quebec, zooplankton biomass reached a maximum four years after 

impoundment and then declined; there was a one-year lag between maximum phytoplankton and 

zooplankton production. The increase in zooplankton was associated with an increase in water residence 

time (Hayeur 2001). 

4.4.4.2.3 Downstream of the Keeyask Generating Station 

Downstream effects on water quality are not expected to be substantive as the conditions of the reservoir 

outflow will not be considerably different from current conditions (Section 2.5.2.3). The major exception 

is a predicted decrease in TSS at the outflow of the GS. Furthermore, TSS is expected to decrease further 

as water moves through Stephens Lake and this area of reduced TSS would likely extend approximately 

10–12 km downstream of the GS. This improvement in water clarity is expected to result in a small 

increase in zooplankton abundance in the affected portion of Stephens Lake over the long-term 

(Figure 4-6). Given the small changes in phytoplankton biomass and zooplankton abundance upstream, 

no measurable change is expected. 

4.4.4.2.4 Net Effects of Operation with Mitigation 

The impoundment of the Nelson River at Gull Rapids will produce small to moderate increases in mean 

zooplankton abundance over the long-term in reservoir bays with longer water residence times. An 

increase in bacterial biomass could provide a post-flooding food resource for zooplankton leading to an 

increase in zooplankton density and a shift in community composition to larger daphnids (more effective 

grazers on bacteria). Additionally, refugia for zooplankton from planktivorous fish predation  

(e.g., rainbow smelt) may be created over flooded peat by low oxygen conditions. 
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4.4.4.3 Residual Effects 

4.4.4.3.1 Construction Period 

No residual effects on zooplankton are expected. 

4.4.4.3.2 Operation Period 

A small to moderate increase in zooplankton biomass is expected in off-current portions of the reservoir. 

4.4.4.3.3 Summary of Residual Effects 

The effects of the construction and operation of the Project on zooplankton are expected to be small to 

moderate, and long-term, and to occur over a small geographic extent. Expected residual effects to the 

zooplankton community in terms of abundance were assessed and are presented in Table 4-20A and 

Table 4-20B for the construction and operating periods, respectively. 

The technical zooplankton assessment is based on models, scientific literature and information collected 

from a proxy reservoir (i.e., Stephens Lake), and the overall certainty associated with the predictions is 

moderate to high. Overall, there is high certainty regarding the nature and direction of effects and the 

magnitude of effects predicted for the mainstem of the reservoir, and moderate certainty regarding the 

magnitude of effects in nearshore areas of the reservoir.  

4.4.4.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Response to EIS Guidelines, Environmental Monitoring Plans have 

been developed as part of the Environmental Protection Program for the Project. A comprehensive 

AEMP will be developed that specifically outlines monitoring to measure the effects of the Project on the 

aquatic environment, and discusses how results will be used as a basis for adaptive management. The 

AEMP will include monitoring of the zooplankton community to verify the results of the zooplankton 

assessment. 

Zooplankton community variables are not considered VECs from an environmental assessment 

perspective; however, as supporting variables for other AEMP components, zooplankton community 

variables do provide important measurement endpoints indicating potential change within or outside the 

range of natural variability that may be attributed to the operation of the Project. The zooplankton 

community AEMP would be conducted in conjunction with the surface water quality AEMP. 

Monitoring activities for the zooplankton community may be split into two major categories: (1) CM; and 

(2) SEM. The former is aimed at evaluating effects of the operation of the Project throughout the 

Aquatic Environment Study Area (i.e., over a broad geographical scale) while the latter encompasses a 

more focussed monitoring component that will be geared towards evaluating effects of the Project in 

relation to predicted site-specific and/or local effects (e.g., local effects predicted in reservoir bays with 

longer water residence times). Zooplankton community monitoring would be conducted annually during 

instream construction and for the first three years of operation; monitoring would then be conducted 

every three to five years for the first 20–30 years of operation, depending on results obtained. 
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Reports detailing the outcomes of monitoring programs will be prepared and submitted to MCWS and 

DFO, in compliance with the Environment Act and the Fisheries Act, respectively. 

4.5 AQUATIC MACROINVERTEBRATES 

4.5.1 Introduction 

Aquatic macroinvertebrates are small animals without backbones living on or in the substrata of lakes and 

rivers [e.g., clams (Bivalvia), aquatic earthworms (Oligochaeta), and aquatic insect larvae]. This study 

includes invertebrates that are retained by a 500 micrometre (µm) mesh size. Macroinvertebrates retained 

on 500 μm sieves are important food items to vertebrates (particularly fish) and useful bioindicators of 

environmental change.  

Aquatic macroinvertebrates are typically a diverse assemblage, and are adapted to the range of substrate 

types and water flow regimes (e.g., fast-flowing rivers, sheltered bays in lakes with no discernable flow) 

found in the aquatic environment. Beds of aquatic vegetation typically harbour the greatest density and 

diversity (i.e., number of taxa) of macroinvertebrates, with invertebrates living on leaf surfaces (plant-

dwelling or epiphytic invertebrates) as well as on and within the sediments beneath the plants (sediment-

dwelling or benthic invertebrates, or benthos). These include grazers of attached algae [e.g., snails 

(Gastropoda), chironomids or non-biting midges (Chironomidae), and mayflies or fishflies 

(Ephemeroptera)], organisms that consume the organic-rich sediment (e.g., aquatic earthworms), animals 

that eat the plants [e.g., crayfish (Decapoda)], and a few carnivores [dragonfly nymphs (Anisoptera)] 

(Photo 4-7). Amphipods, scuds, or freshwater shrimp (Amphipoda), which consume a variety of decaying 

plant and animal matter, are also present (Photo 4-7). The higher densities of macroinvertebrates in 

aquatic macrophyte beds reflect higher productivity (via photosynthetic and detrital foodweb pathways) 

and protection from predators provided by the plants. 

Shallow areas (i.e., littoral zone) with mud or mud-sand bottoms provide habitat for filter-feeding clams, 

sediment-feeding aquatic earthworms, and a variety of insect larvae, many of which have terrestrial adult 

forms (Photo 4-7). Emergence of larval insects to terrestrial adults results in a loss of numbers and 

biomass from the aquatic system. Substrata such as sand or gravel usually harbour fewer animals because 

water currents (e.g., wave action on shorelines) readily disturb these substrata. Sand (0.063–2 mm in 

diameter) is generally considered to be a poor substrate for macroinvertebrates due to its relative 

instability (i.e., susceptible to water movement) and the tight packing of particles (i.e., minimal interstitial 

space) reducing the trapping of organic matter (i.e., detritus) and limiting the presence of DO. In general, 

diversity and abundance of macroinvertebrates increase with substrate stability and the presence of 

organic matter. However, sand-dwelling fauna includes some macroinvertebrates typically exhibiting 

adaptations associated with respiration [e.g., certain types of caddisflies (Trichoptera)]. Generally, in 

riverine environments invertebrates are more abundant (i.e., show a preference) in shallow water and in 

gravel or coarser substrates (i.e., cobble) [particularly insects, such as mayflies, stoneflies (Plecoptera), and 

caddisflies] (Minshall 1984; Jowett et al. 1991). Total benthic invertebrate production tends to be relatively 

low on extremely fine (e.g., silt/clay, sand) and extremely coarse (e.g., boulder, bedrock) substrates, while 

productivity is typically highest for substrate particles averaging 10 mm in diameter (i.e., coarse gravel) 
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(Morin 1997). Similar substrate preferences in lentic environments could be expected. In regulated 

systems, such as the reservoir areas of hydroelectric generating stations, the increased frequency of water 

level fluctuations tends to reduce macroinvertebrate abundance in regularly exposed areas along the 

shoreline depending on the GS mode of operation. 

 Source: North/South Consultants Inc., 2001 

Photo 4-7: Representatives of aquatic macroinvertebrate groups: (A) chironomid 

larva; (B) ephemeropteran (mayfly) larva; (C) amphipod (scud); and (D) 

fingernail clam  

Deeper areas of lakes are typically depositional environments with fine-textured sediments. Organisms 

that feed on sediment and detritus (e.g., aquatic earthworms and chironomids) usually dominate in these 
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areas. Many of these animals are adapted to low-oxygen conditions that can develop at greater water 

depths.  

The aquatic macroinvertebrate community within a riverine system is comprised of bottom- and plant-

dwelling and drifting organisms. Drifting invertebrates, organisms that move downstream in the water 

current, are a composite of invertebrates originating from a larger area and diverse array of habitats, but 

the drifting community tends to be biased towards those groups that drift as a life history strategy 

(predominantly aquatic insects). Aquatic invertebrate drift is an important and well-documented 

component of stream structure and function (Brittain and Eikeland 1988). The tendency for aquatic 

invertebrates to drift, and the distance traveled when drifting, is dependent on life history, and 

environmental, physical, biological, and chemical cues; and can result from: i) accidental dislodgment 

from substratum; ii) changes in the physical environment (i.e., discharge, velocity); iii) interactions with 

other invertebrates; and iv) colonization (Elliott 1971). Drift varies over space (e.g., position in the river) 

and time (e.g., daily and seasonally). A well-documented temporal feature of aquatic invertebrate drift is 

the dusk peak, related to a change in light intensity and as an anti-predatory response; temperature and 

discharge are likely features dictating drift variation over longer periods such as seasons (Shearer et al. 

2002). Reliable quantification of drift is necessary for investigating some aspects of trophic interaction 

between invertebrates and drift-feeding fish (Shearer et al. 2002). Drift-invertebrate sampling is useful for 

assessing habitat quality and food availability by examining the abundance and diversity of invertebrate 

taxa. Non-drifting and drifting macroinvertebrates are an important food source for fish and therefore, 

their abundance and distribution helps define the importance of an aquatic area as feeding habitat. 

4.5.2 Approach and Methods 

4.5.2.1 Overview to Approach 

The approach taken for the aquatic macroinvertebrate effects assessment was similar to the general 

approach taken for other aquatic environment components and was comprised of two major steps: 

 A description of the existing aquatic habitat conditions to provide the basis for assessing the 

potential effects of the Project on these components; and  

 An effects assessment in which the predicted post-Project environment was described and changes 

from existing environment quantified. 

An ecosystem-based approach was employed to assess the potential impacts of the Project on the aquatic 

macroinvertebrate community. Information presented incorporates findings from other aquatic 

environment components (e.g., surface water quality and aquatic habitat). This approach is consistent with 

views held by the KCNs, and widely held ecological views, that all components of the aquatic 

environment are important to maintaining the whole, and that all organisms are interdependent and, 

therefore, of importance and value. 

The environmental setting is described using several sources of information, including: existing published 

information; and studies conducted specifically as part of the Project between 1999 and 2006. Potential 

Project-related effects on the aquatic macroinvertebrate community were assessed using basic models 
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(i.e., simple conceptual models, quantitative models based on changes in habitat area, and qualitative 

empirical models based on observed changes in the environment following similar developments in other 

Manitoba settings and in northern environments). These sources of information and effects assessment 

approaches are described in the following sections. 

4.5.2.2 Study Area 

The study area for aquatic macroinvertebrate investigations extends along the Nelson River from Split 

Lake downstream to Stephens Lake in the east (Map 1-2). The magnitude of physical change (e.g., changes 

in water levels and flows) differs substantially among areas (Section 3.2.2) and, consequently, the aquatic 

macroinvertebrate study area was divided into three areas on the Nelson River as follows: 

 Split Lake area (Split Lake and adjoining waterbodies, including Assean Lake and Clark Lake). This 

area is upstream of any direct Project influence. The aquatic macroinvertebrates in this area were 

described to provide supporting information for studies of other aquatic biota (Section 5 and 

Section 6). 

 Keeyask area (Nelson River extending from the outlet of Clark Lake to approximately 3 km 

downstream of Gull Rapids, i.e., hydraulic zone of influence, and tributary streams). Project-related 

changes to the water regime and direct losses of habitat due to the presence of the GS will occur 

within this reach (Section 3.2.2). This area was subdivided at Gull Rapids, as the rapids mark a 

boundary between the reservoir and downstream environment in the post-Project environment. 

 Stephens Lake area (Stephens Lake and adjoining waterbodies). This area is immediately downstream 

of the Keeyask area and the Project will not affect the water regime. Stephens Lake, as the reservoir 

of the Kettle GS formed in the early 1970s, provides a useful proxy to assist in predicting effects of 

the Project (Section 1). 

The majority of lower trophic levels investigations were conducted in the Keeyask area, as this area will 

be directly affected by the Project. Aquatic biota was also described as part of the assessment of the north 

and south access roads stream crossings. 

4.5.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for aquatic macroinvertebrates are detailed below.  

A number of benthic macroinvertebrate community studies have been previously conducted in the 

Aquatic Environment Study Area. Data were collected in the early 1960s in response to Vale‟s nickel 

mining and refining operation at Thompson, Manitoba. However, the majority of programs were 

primarily focussed on the effects of hydroelectric generating stations (e.g., construction and operation of 

the Kettle GS) or on the effects of the CRD/LWR project and were largely limited to GS reservoirs 

along the lower Nelson River, and Split and Stephens lakes. 

Benthic invertebrate data were collected in the Split Lake watershed from 1958 to 1960 and in 1966 to 

provide information in relation to the nickel and mining operation at Thompson, Manitoba (Beak 1962; 
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Schlick 1968). In the early 1970s, benthic invertebrates were investigated in the newly formed Stephens 

Lake (Kettle reservoir) as part of the LWCNRSB program (Crowe 1973). Benthic invertebrate samples 

were collected from Split and Stephens lakes in the late 1980s as part of the MEMP (Cann 1991). During 

the 1990s (1990, 1992–1996, 1999) and in 2003, benthic invertebrate data were collected for Manitoba 

Hydro by KCNs Members together with NSC as part of the Lower Nelson River Forebay Monitoring 

Program (including Long Spruce and Limestone reservoirs, and the lower Nelson River) (Schneider and 

Baker 1993; Schneider-Vieira 1994, 1996; Horne 1996, 1997; Zrum and Kennedy 2000; Burt and Neufeld 

2007b; NSC 2012). The benthic macroinvertebrate community of Split Lake was described in 1997 and 

1998 by TEMA for TCN and Manitoba Hydro (Lawrence and Fazakas 1997; Fazakas and Zrum 1999). 

The effects of previous hydroelectric development in northern Manitoba were assessed on the Split Lake 

RMA as part of the Split Lake Cree PPER (Split Lake Cree - Manitoba Hydro Joint Study Group 1996c). 

Detailed sampling to describe the habitat-based abundance, composition and distribution sediment-

dwelling aquatic macroinvertebrates (benthos or benthic invertebrates) in the Aquatic Environment Study 

Area waterbodies was conducted between 1999 and 2006. Sampling to describe the plant-dwelling aquatic 

macroinvertebrates (epiphytic invertebrates) was conducted in 2001 and 2002 between Birthday and Gull 

rapids, in 2003 and 2004 for Clark Lake to Gull Rapids, and in 2005 and 2006 for Stephens Lake in 

conjunction with the aquatic macrophyte abundance and composition program (2001–2006). Two 

representative areas of Stephens Lake (Ross Wright and O‟Neil bays) were surveyed more intensively in 

2005 and 2006 (years with higher than average water levels; Section 3.3.2.3) to describe the benthic and 

epiphytic macroinvertebrate communities in areas that were historically inundated; these two areas were 

chosen to provide a proxy for the post-impoundment Keeyask reservoir. For Aquatic Environment 

Study Area waterbodies, the intermittently exposed zone was defined using historic water level 

percentiles. This area is the shore zone bounded by the 5th and 95th water level percentiles and represents 

a band along the edge of the waterbody that has experienced exposure, i.e., dewatering, 5 to 95% of the 

time since 1977 (Section 3.2.4.1). 

In riverine environments of the Aquatic Environment Study Area, the flowing water transports a 

relatively large amount of macroinvertebrate biomass downstream. Drift traps were used to sample 

drifting macroinvertebrates in tributaries and extensive areas of rapids where sampling by other methods 

(e.g., dredge or air lift sampler) was not feasible due to logistical (e.g., water depths and water velocities too 

high for effective sampling) or safety concerns (i.e., high flows immediately upstream and downstream of 

Gull Rapids). Drifting macroinvertebrates were sampled at various locations along the Nelson River 

during the 2001 to 2004 open water seasons to gain an overall understanding of the spatial and temporal 

differences in abundance and distribution of biomass within the study area, and provide the basis for 

assessing potential changes in production from specific areas (i.e., Birthday and Gull rapids, and Stephens 

Lake) associated with the proposed Keeyask hydroelectric development. 

The aquatic macroinvertebrate community was sampled near the proposed access road ROW during the 

fall, 2004. Aquatic invertebrates were collected in the vicinity of all stream crossings using a kick net to 

provide a qualitative description of the community. 

The detailed approach and methods for aquatic macroinvertebrate community studies conducted 

between 1997 and 2006 are presented in Appendix 4A. 
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4.5.2.4 Assessment Approach 

Given the complexity of the aquatic ecosystem, models were used for predicting effects of the Project. 

Within the aquatic assessment, the complexity of models employed depended on: the importance of the 

issue; availability of information or suitable models; and utility of modelling approaches. 

Basic model types used to assess potential Project effects on the aquatic macroinvertebrate community 

were: 

 Simple conceptual models (e.g., benthic invertebrate abundance will likely increase with an increase in 

wetted habitat resulting from reservoir formation). The scientific literature was used to describe and 

support linkages to the Project. 

 Quantitative models based on changes in aquatic habitat area (e.g., calculation of benthic invertebrate 

numbers based on specific areas of habitat types that had been sampled in the existing environment) 

over the short-term and long-term post-Project.  

 Qualitative empirical models based on observed changes in the environment following similar 

developments in other Manitoba settings and in northern environments. For example, Stephens Lake 

was used as a surrogate for post-Project conditions in the Keeyask reservoir (Section 3.2.4). 

A quantitative habitat-based model was used to estimate the abundance of sediment- and plant-dwelling 

macroinvertebrates in the newly created Keeyask reservoir at four time steps (Years 1, 5, 15, and 30) 

post-impoundment (Appendix 4A). The model used the mean abundance (individuals/m2) of 

macroinvertebrates from baseline studies in the study area as an estimate of macroinvertebrate abundance 

at defined habitat types in the existing environment and as a predictor of macroinvertebrates in the same 

habitat types post-Project. An abundance estimate was generated for some habitat types that were not 

sampled because of methods constraints (e.g., medium water velocity habitats) or because they were 

uncommon in the existing environment (e.g., deep water, organic substrate habitats) using surrogate 

values from similar habitat types that were sampled or other comparable areas in northern Manitoba  

(e.g., Wuskwatim area, Stephens Lake). The area of each habitat type was estimated for the Nelson River 

between the outflow of Clark Lake and the Keeyask GS location in the existing environment using 

Manitoba Hydro‟s shoreline data (the spatial extent of habitat types was modelled at 95th percentile flow 

conditions) and in Year 30 post-Project using the predicted shoreline at a water level elevation at the face 

of the dam of 158 m ASL for minimum operating level (MOL) or at 159 m ASL under 95th percentile 

flow conditions for FSL (Section 3.2.4; Appendix 3D). The Year 30 habitat areas were modified for the 

intermediate time steps (i.e., Years 1, 5, and 15) to account for shoreline erosion, peat disintegration and 

transport, and loss and subsequent establishment of aquatic plant beds (Appendix 3D), and modelled 

DO and TSS concentrations (Appendix 4A). At all post-Project time steps, the model accounted for 

reductions in the quality of aquatic habitat for macroinvertebrates due to weekly cycling, i.e., mode of GS 

operation (Appendix 3D). 

The evaluation of certainty for predicted effects was based in part on the agreement of predicted effects 

among the various approaches. 
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4.5.3 Environmental Setting 

4.5.3.1 Overview and Regional Context 

The environmental setting has been described based on available background data and information 

collected in the course of the Keeyask environmental studies. The aquatic macroinvertebrate community 

in the study area has been influenced by past hydroelectric development in northern Manitoba (e.g., 

Kelsey GS, CRD, and LWR). 

No species are listed on Schedule 1 of SARA and none have been assessed as “at risk” by COSEWIC. 

The Manitoba Conservation Data Centre does not list any S1 or S2 species for the area (Manitoba 

Conservation Data Centre 2012a; Manitoba Conservation Data Centre 2012b). None of the species 

identified are listed as invasive on the Invasive Species Council of Manitoba website (Invasive Species 

Council of Manitoba 2012). 

4.5.3.1.1 Split Lake Area 

Within the Split Lake area, Assean Lake is removed from any influences of the Nelson River. Except for 

the mouth of the Assean River, the hydrology of the watershed has not been affected by hydroelectric 

development. For this reason, the macroinvertebrate community of the Assean watershed is described 

separately from other waterbodies in the Split Lake area. 

Forty-nine macroinvertebrate taxa were observed in the sediment- and plant-dwelling communities 

investigated between 2001 and 2004 in the Split Lake area (Split and Clark lakes, including the York 

Landing Arm of Split Lake) (Table 4-21). Drifting invertebrates were not investigated in this area. When 

all study years were considered, the sediment-dwelling community appeared to be more diverse (44 taxa) 

than the plant-dwelling community (25 taxa). This pattern of higher taxa richness in sediment samples 

was particularly apparent for the aquatic insects (Appendix 4B). 

The mean overall sediment-dwelling macroinvertebrate (benthos) abundance for aquatic habitats sampled 

in the Split Lake area was 3,319 individuals/m2. The shallow water habitats supported a lower mean 

abundance of benthos than those described for the deep water. When the same type of aquatic habitat in 

terms of water level and flow, and substrate (compaction, composition, aquatic plants) was sampled for 

sediment- and plant-dwelling macroinvertebrates, a higher abundance of macroinvertebrates was 

observed in the sediments (2,316 individuals/m2) than living on the plants (181 individuals/m2). 

Chironomids dominated the community for both; however, mayflies and fingernail clams were more 

common in the sediments while snails and aquatic earthworms contributed more to the community in the 

plants. 

Within the Assean watershed, 55 macroinvertebrate taxa were observed in the sediment-dwelling and 

drifting communities investigated between 2001 and 2004 (Table 4-21). When all study years were 

considered, the sediment-dwelling community appeared to be more diverse (40 taxa) than that 

represented in the drifting component (30 taxa); however macroinvertebrates were identified to a lower 

taxonomic level in 2003 and 2004 and this resulted in a step-trend increase to the number of taxa 

observed in comparison to 2001 and 2002. When sediment-dwelling sites were limited to 2001 and 2002 
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data, however, the number of taxa present was actually lower (19 taxa) (Table 4-21). Approximately 58% 

more taxa were recorded in drift samples than in sediment samples. This pattern of higher taxa richness 

in drift samples was particularly apparent for the aquatic insects (Appendix 4B). 

The mean overall sediment-dwelling macroinvertebrate abundance for aquatic habitats sampled in Assean 

Lake was 2,207 individuals/m2. The shallow habitats supported a higher mean abundance of benthos 

than deep habitats. 

4.5.3.1.2 Keeyask Area 

Within the Keeyask area, 93 macroinvertebrate taxa were observed in the sediment- and plant-dwelling, 

and drifting communities investigated between 1999 and 2004 (Table 4-21). When all study years were 

considered, the drifting community appeared to be more diverse (85 taxa) than the sediment- (43 taxa) 

and plant-dwelling (56 taxa) communities. The increased diversity observed in drift samples may be 

reflective of the higher degree of heterogeneity found in the Keeyask area aquatic habitats. This pattern 

of higher taxa richness in drift samples was particularly apparent for the aquatic insects (Appendix 4B). 

Drifting invertebrates may be derived not only from the sediment- and plant-dwelling communities in 

habitats immediately upstream of drift sampling locations, but also from habitats in the river channel and 

tributaries considerable distances upstream. Drift samples included a greater variety of taxa than other 

macroinvertebrate samples presumably because they integrate over a much greater spatial scale and also 

over time (Shearer et al. 2003). 

The mean overall sediment-dwelling macroinvertebrate (benthos) abundance for aquatic habitats sampled 

in the Keeyask area was 3,539 individuals/m2. The shallow water habitats supported a higher mean 

abundance of benthos than those described for deep water. When the same type of aquatic habitat was 

sampled for sediment- and plant-dwelling macroinvertebrates, there were four to ten times more 

macroinvertebrates observed in the sediments than living on the plants. Chironomids, aquatic 

earthworms, and amphipods were commonly found in both the sediments and associated with the plants. 

Aquatic earthworms and amphipods tended to contribute more to the plant-dwelling community, 

whereas mayflies and fingernail clams were additional important groups in the sediment-dwelling 

community. 

Rapids in the Keeyask area provide areas of increased drifting invertebrate production with increased 

drift densities often observed in the aquatic habitats sampled downstream of Birthday and Gull rapids. 

Aquatic insects (specifically mayflies, caddisflies, and chironomids) were typically the most abundant 

drifting invertebrates collected in drift traps. The greatest drifting invertebrate densities in the study area 

were observed upstream of Gull Rapids (at the downstream end of Gull Lake), with the next highest 

densities observed downstream of Birthday Rapids, downstream of Gull Rapids, and upstream of 

Birthday Rapids. Therefore, it may be inferred that the majority of drifting invertebrates in the study area 

were produced by the Nelson River aquatic habitats between Birthday and Gull rapids, including Gull 

Lake, and within Birthday and Gull Rapids themselves. Production of drifting invertebrates from Gull 

Rapids is likely an important input to Stephens Lake; however, these rapids appear to produce overall 

fewer drifting invertebrates than the Nelson River between Birthday Rapids and the downstream extent 

of Gull Lake. Drifting invertebrates are an important food source for fish and therefore, their abundance 

and distribution helps define the importance of an aquatic area as feeding habitat. The drifting 
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community is also important in terms of providing individuals to colonize downstream areas and thereby 

contributing to the composition and abundance of downstream communities. 

4.5.3.1.3 Stephens Lake Area 

Fifty-four taxa were observed in the macroinvertebrate communities investigated between 2001 and 2004 

in the Stephens Lake area (Table 4-21). When all study years and areas of Stephens Lake were considered 

(2001 to 2006), including the two areas (Ross Wright and O‟Neil bays) that were surveyed more 

intensively in 2005 and 2006, the diversity of the drifting community downstream of Stephens Lake 

(downstream of the Kettle GS) was slightly higher (40 taxa) than that of either the sediment- (32 taxa) or 

plant-dwelling (34 taxa) components. This pattern of higher taxa richness in drift samples was somewhat 

more apparent for the crustaceans and aquatic insects (Appendix 4B). 

The mean overall sediment-dwelling macroinvertebrate (benthos) abundance for aquatic habitats sampled 

in the Stephens Lake area was 2,621 individuals/m2. The shallow water habitats supported a higher mean 

abundance of benthos than those described for deep water. When the same type of aquatic habitat was 

sampled for both benthos and plant-dwelling macroinvertebrates, there were 2–27 times more 

macroinvertebrates observed in the sediments than living on the plants. Chironomids, snails, aquatic 

earthworms, and amphipods were commonly found in both the sediments and associated with the plants. 

Although present in the plant-dwelling community, chironomids were more abundant in the sediment, 

where mayflies were also abundant. Hydra (Hydrozoa) and clam shrimp (Diplostraca) were important 

components of the plant-dwelling community. 

As at drift trap locations in the Keeyask area, aquatic insects (specifically mayflies, caddisflies, and 

chironomids) were typically the most abundant invertebrates collected in drift traps downstream of the 

Kettle GS. Overall, drift trap locations downstream of the Kettle GS were the least productive in terms 

of invertebrate drift density within the study area. 

4.5.3.1.4 Access Road Area 

The presence of aquatic invertebrates was described at five stream crossings along the proposed Keeyask 

GS access road, two on the north side of the Nelson River and three on the south side. Aquatic insects 

dominated the community at each stream crossing, comprising between 43 and 73% of the taxa 

observed. Caddisflies, dipterans, and mayflies typically dominated the community; however, snails were 

occasionally relatively common at some sampling locations. The lowest diversity (7 taxa) was observed at 

SC-5, a small unnamed tributary of Stephens Lake on the south side of the Nelson River that provides 

drainage to bog and fen areas, including a small lake upstream of the crossing. SC-5 was only assessed at 

the crossing site, which likely contributed to the relatively low number of taxa observed. The highest 

diversity of aquatic invertebrate taxa (33 taxa) was observed at SC-7. SC-7 crosses Looking Back Creek 

approximately 4 km upstream of Stephens Lake on the north side of the Nelson River. The crossing site 

is at the lower reaches of the creek with 95% of the 126 km2 drainage area above the crossing. Aquatic 

habitat consisted entirely of run/glide habitat with a high amount and diversity of cover, including over 

stream vegetation, woody debris, cutbank, instream vegetation, and boulder. The diversity of habitat and 

size of the stream likely contributed to the greater diversity of aquatic invertebrates observed in 

comparison to other stream crossings. 
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4.5.3.1.5 Regional Context 

The overall mean number of sediment-dwelling macroinvertebrates (benthos) observed for selected 

northern Manitoba waterbodies from the Churchill, Rat/Burntwood, and Lower Nelson river systems 

was variable (Table 4-22). Mean abundances ranged from 1,912 individuals/m2 in the Rat River along the 

Churchill River diversion route to notably higher abundances of 9,529 individuals/m2 in the Churchill 

River, prior to weir construction, and 8,439 individuals/m2 in Leftrook Lake, a waterbody not on CRD 

that has not been impacted by past hydroelectric regulation. With the exception of chironomids and a 

few taxa of mayflies, insect larvae were not common in these areas. Instead, groups typical of larger rivers 

and lakes, such as amphipods, fingernail clams, snails, and aquatic earthworms predominated. With a few 

exceptions, the majority of habitat types investigated could be considered representative of relatively 

healthy and diverse aquatic habitat. Taxa expected to be observed in intermittently exposed, shallow 

water, and deep water habitats were present, and their relative proportions were similar to other 

waterbodies. At some sites, the taxa present were representative of a heterogeneous substrate (e.g., a 

mixture of silt/clay-based, and gravel and cobble substrates), which is often found in the transitional 

shallow areas of larger rivers and lakes. 

Abundances of sediment-dwelling macroinvertebrates in the study area along the Nelson River were 

within the range observed for waterbodies along the Churchill, Rat/Burntwood, and Lower Nelson river 

systems. In the Split Lake area, overall mean abundances were 2,207 and 3,319 individuals/m2 in Assean 

Lake and Split Lake (includes Split and Clark lakes, and the York Landing Arm of Split Lake), 

respectively. Assean Lake was more comparable to Leftrook Lake in that the hydrology of the watershed 

has not been affected by hydroelectric development; both have relatively shallow water depths; and 

aquatic macrophyte growth was dense in patches and beds were abundant in the shallow „marshy‟ bays. 

However, the abundance of benthos in Assean Lake was notably lower than in Leftrook Lake; 

chironomids and fingernail clams were predominant in both waterbodies, but mayflies, stoneflies, and 

caddisflies (particularly mayflies) were relatively more common in Assean Lake while amphipods were 

more common in Leftrook Lake. Compared to other lakes in northern Manitoba, the abundance of 

benthos in Split Lake was higher. Similar to Assean Lake, the aquatic invertebrate community 

composition in Split Lake was similar to other northern Manitoba lakes, but mayflies, stoneflies, and 

caddisflies (particularly mayflies) contributed to a greater proportion of the community observed. 

In the Keeyask area of the Nelson River, overall mean abundance was 3,539 individuals/m2, which was 

comparable to the lower Churchill River (post-weir) and higher than some reaches of the Rat, 

Burntwood, and lower Nelson rivers that were investigated. Similar to other reaches in the study area, 

mayflies, stoneflies, and caddisflies (particularly mayflies and occasionally caddisflies) played a larger role 

in the benthic invertebrate community composition. 

Construction of the Kettle GS in the early 1970s resulted in extensive flooding immediately upstream of 

the GS. Moose Nose Lake (north arm) and several other small lakes that previously drained into the 

Nelson River became continuous with the river to form Stephens Lake. The overall abundance of 

benthos in Stephens Lake (2,621 individuals/m2) was comparable to, if not slightly higher than, the 

abundances of benthos in selected lakes along the diversion route and the lower Nelson River. 

Chironomids, amphipods, aquatic earthworms, and snails contributed to the community of Stephens 
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Lake. Fingernail clams were relatively uncommon, but mayflies were an important component of the 

sediment-dwelling macroinvertebrate community. 

4.5.3.2 Split Lake Area 

4.5.3.2.1 Sediment-Dwelling Macroinvertebrates 

Beak (1962) studied the benthic invertebrate (sediment-dwelling) community of the Split Lake watershed 

from 1958 to 1960 and reported that the mayflies Hexagenia spp. and Ephemera spp., and the amphipod 

Pontoporeia affinis, were found in comparatively large numbers in most of the samples collected at 14 

stations on the Burntwood River. The number of chironomids, on the other hand, was unexpectedly low. 

During the summer of 1966, amphipods were most abundant in shallow water (less than 6.5 m deep) and 

were the most widely distributed group throughout Split Lake (Schlick (1968). In addition to amphipods, 

mayflies, chironomids, fingernail clams (Pisidiidae), and snails were also commonly observed. 

During the MEMP in the late 1980s, benthic invertebrates were sampled at the mid-lake stations used for 

the collection of limnological data (Cann 1991). The composition of the benthic community varied year 

to year. When sediment-dwelling meiofauna [e.g., nematodes (Nemata), copepods, cladocerans] were 

excluded from the analysis, seed shrimp (Ostracoda) were the most relatively abundant (comprised 27% 

of the community), followed by amphipods (22%), clams (19%), Diptera (primarily chironomids) (15%), 

snails (7%), and mayflies (5%). 

As a part of the PPER, TCN Members indicated that mayflies disappeared from Split Lake after 

implementation of the CRD/LWR project (Split Lake Cree - Manitoba Hydro Joint Study Group 1996c). 

Whether this decline relates to hydroelectric development or other factors is not clear as Giberson et al. 

(1991, 1992) showed a dramatic decline in mayfly populations in Southern Indian Lake following 

hydroelectric development that was largely related to air temperature. 

CRD/LWR resulted in increased TSS loading to Split Lake, and increased sedimentation in some regions 

of the lake, so it is likely that benthic invertebrate community composition within some reaches of the 

Burntwood River and Split Lake was altered by CRD/LWR. Although substantial recent benthic 

invertebrate data (1997–2004) are available for Split and Clark lakes, comparison of these data with those 

of studies conducted in the 1980s and before CRD/LWR are challenging because of differences in 

methods and approach. 

The sediment-dwelling macroinvertebrate community (benthos) was quantitatively described for nine 

aquatic habitat types in the Split Lake area (Split and Clark lakes, including the York Landing Arm of Split 

Lake) between 1997 and 2004 (Table 4-23). Forty-four macroinvertebrate taxa were observed in the Split 

Lake area benthos between 2001 and 2004 (Table 4-21). 

The mean overall sediment-dwelling macroinvertebrate abundance for aquatic habitats sampled in the 

Split Lake area was 3,319 individuals/m2. The shallow water habitats supported a lower mean abundance 

of benthos (2,919 individuals/m2) than those described for the deep water habitats 

(3,664 individuals/m2). Within the shallow area, mean abundance of benthos was notably higher in the 

intermittently exposed portion (4,201 individuals/m2) than in areas predominantly wetted 

(2,449 individuals/m2). Shallow areas with aquatic plants harboured a greater abundance of benthos 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-65 

(3,395 individuals/m2) compared to areas devoid of vegetation (2,599 individuals/m2). Mean total 

abundance for specific aquatic habitats ranged from 2,192 individuals/m2 in the shallow, intermittently 

exposed aquatic habitat with low water velocity, soft mineral-based substrate, and aquatic plants present 

(S-IEZ-L-S-M-RV) to 5,025 individuals/m2 in comparable habitat, but with standing water (S-IEZ-ST-S-

M-RV) (Table 4-23, Figure 4-12). There was substantial variability in abundances within habitat types and 

among replicates from individual sites. 

Within the shallow environment, the composition of the sediment-dwelling community differed among 

specific aquatic habitat types (Table 4-23, Figure 4-12). In areas with aquatic plants present, fingernail 

clams and non-biting midges tended to be the most common taxa, with fingernail clams predominant in 

plant beds with water movement (low water velocity) and midges in beds in standing water areas. 

Mayflies and snails contributed to a higher proportion of the community observed in beds found in 

predominantly wetted areas compared to beds in intermittently exposed areas. In deep aquatic habitats, 

molluscs (snails and fingernail clams), mayflies, and amphipods dominated the community. Snails, 

fingernail clams, mayflies, and amphipods were all relatively common in calm, deeper water areas. In 

deeper areas with water movement, fingernail clams overwhelmingly dominated the community (47%). 

The benthos was quantitatively described for three aquatic habitat types in Assean Lake between 2001 

and 2004 (Table 4-24). Forty macroinvertebrate taxa were observed in the Assean Lake benthos between 

2001 and 2004 (Table 4-21). An historical water level record is not available for the Assean watershed so 

it was not possible to determine the extent of the intermittently exposed and predominantly wetted 

portions of aquatic habitat. 

The mean overall sediment-dwelling macroinvertebrate abundance for aquatic habitats sampled in Assean 

Lake was 2,207 individuals/m2. The shallow habitats supported a higher mean abundance of benthos 

(3,320 individuals/m2) than the deep habitats (1,012 individuals/m2). Shallow areas with aquatic plants 

harboured a greater abundance of benthos (4,217 individuals/m2) in comparison to areas devoid of 

vegetation (1,851 individuals/m2) (Table 4-24, Figure 4-13). There was substantial variability in 

abundances within habitat types and among replicates from individual sites. 

Within the shallow environment, the composition of the benthos was comparable between specific 

aquatic habitat types (Table 4-24, Figure 4-13). Chironomids were overwhelmingly the most common 

taxa observed in areas with (52%) and without (46%) aquatic plants, followed by fingernail clams. 

Mayflies contributed to a higher proportion of the community observed in shallow water environments 

without aquatic plants compared to areas with plants. In the deep aquatic habitat, chironomids remained 

dominant; however, fingernail clams and mayflies contributed to a greater proportion of the community 

observed in comparison to the shallow habitat. 

4.5.3.2.2 Plant-Dwelling Macroinvertebrates 

Quantitative surveys of the plant-dwelling macroinvertebrate community were undertaken in Clark Lake 

in 2003 and 2004 as part of the environmental studies and the community was described for one shallow 

aquatic habitat type with aquatic plants (Table 4-25); twenty-five macroinvertebrate taxa were observed 

(Table 4-21). 
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Shallow areas with aquatic plants harboured relatively few plant-dwelling macroinvertebrates 

(181 individuals/m2) (Table 4-25). Chironomids were the most common taxon observed (38%), but 

aquatic earthworms (29%) and snails (25%) also contributed to the community. Aquatic plants were of 

relatively low density in the areas sampled to describe plant-dwelling macroinvertebrates (see 

Appendix 4A, Section 4A.2.3.2.2 for explanation of sampling location selection). The predominant 

species were pondweeds (Potamogeton spp.) and two species more tolerant of periodic episodes of 

dewatering and ice scour stress, common spikerush, and vernal water-starwort (Table 4-26). 

When the same type of aquatic habitat was sampled for benthos and plant-dwelling macroinvertebrates, a 

notably higher abundance of macroinvertebrates was observed in the sediments (2,316 individuals/m2) 

than living on the plants (181 individuals/m2). Chironomids dominated the community for both; 

however, mayflies and fingernail clams were more common in the sediments while snails and aquatic 

earthworms contributed more to the community in the plants. 

4.5.3.2.3 Drifting Macroinvertebrates 

The Assean River drifting invertebrate community consisted of 30 taxa in 2001 and 2002, which was 

comparable to other reaches of the study area for the same sampling period (Table 4-21). Aquatic insects 

were the most common invertebrates observed in the drift in both years with 17 taxa represented; 

crustaceans were also relatively common with four taxa observed (Appendix 4B). 

4.5.3.3 Keeyask Area 

No data or assessment of the effects of hydroelectric development on the aquatic macroinvertebrate 

community prior to 1997 in the reach of the Nelson River between Clark Lake and Stephens Lake were 

located in the published literature. 

4.5.3.3.1 Sediment-Dwelling Macroinvertebrates 

The sediment-dwelling macroinvertebrate community was quantitatively described for 11 aquatic habitat 

types in the Keeyask area (Nelson River mainstem, backwater inlets, and Gull Lake) between 1999 and 

2004 (Table 4-27). Forty-three macroinvertebrate taxa were observed in the benthos between 1999 and 

2004 (Table 4-21). 

The mean overall sediment-dwelling macroinvertebrate abundance for aquatic habitats sampled in the 

Keeyask area was 3,539 individuals/m2. The shallow water habitats supported a higher mean abundance 

of benthos (3,921 individuals/m2) than those described for the deep (2,693 individuals/m2). Within the 

shallow habitat, including backwater inlet habitat, mean abundance of benthos was notably higher in the 

intermittently exposed portion (5,059 individuals/m2) than in areas predominantly wetted 

(1,874 individuals/m2). Mainstem and backwater inlet shallow areas with aquatic plants harboured a 

greater abundance of benthos (4,505 individuals/m2) in comparison to areas devoid of vegetation 

(2,754 individuals/m2). Mean total abundance for specific aquatic habitats ranged between 

917 individuals/m2 in the deep areas with standing water and soft mineral-based substrate (D-ST-S-M-

NP) and 5,900 individuals/m2 in shallow, intermittently exposed aquatic habitat with standing water, soft 

mineral-based substrate, and aquatic plants present (S-IEZ-ST-S-M-RV) (Table 4-27, Figure 4-14). There 

was substantial variability in abundances within habitat types and among replicates from individual sites. 
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Within the shallow environment, the composition of the sediment-dwelling community differed among 

specific aquatic habitat types (Table 4-27, Figure 4-14). In areas with aquatic plants present, chironomids 

were the most commonly observed invertebrate, with the exception of plant beds in predominantly 

wetted areas with standing water, where mayflies (32%) and fingernail clams (24%) contributed to a 

greater proportion of the community. The composition of the benthos in shallow areas devoid of plants 

was more variable compared to shallow areas with plant beds. The intermittently exposed areas were 

dominated by amphipods (48%) in the backwater inlet habitat and chironomids (66%) in the mainstem. 

Mayflies (39%) were most common in predominantly wetted areas with standing water and fingernail 

clams (46%) in areas with water movement (low water velocity). In deep aquatic habitats, molluscs (snails 

and fingernail clams), mayflies, chironomids, and caddisflies dominated the community. Mayflies (38%), 

fingernail clams (25%), and chironomids (24%) were all relatively common in calm, deeper water areas. In 

deeper areas with water movement, snails and fingernail clams dominated the community and caddisflies 

(14%) were relatively common. 

4.5.3.3.2 Plant-Dwelling Macroinvertebrates 

Quantitative surveys of the plant-dwelling macroinvertebrate community were undertaken in the Keeyask 

area between 2001 and 2004 and the community was described for three shallow aquatic habitat types 

with aquatic plants present (Table 4-28). A total of 56 macroinvertebrate taxa were observed (Table 4-21). 

Shallow areas with aquatic plants harboured relatively few plant-dwelling macroinvertebrates. Mean total 

abundance for specific aquatic habitats ranged from 367 individuals/m2 in shallow aquatic habitat with 

standing water (S-ST-S-M-RV) to 600 individuals/m2 in shallow aquatic habitat with low water velocity 

(S-L-S-M-RV) (Table 4-28). There was substantial variability in abundances within habitat types and 

among replicates from individual sites. 

Shallow habitat with aquatic plants was dominated by snails, chironomids, aquatic earthworms, and 

amphipods. Snails and chironomids were common in all plant beds sampled. Aquatic earthworms 

contributed to a greater proportion of the community in intermittently exposed, backwater inlet habitat 

(26%) and predominantly wetted habitat with water movement (25%), whereas amphipods were more 

common in predominantly wetted habitat with standing water (17%). Aquatic plants were of relatively 

low to medium density in the areas sampled to describe plant-dwelling macroinvertebrates. Plants were 

most abundant in the intermittently exposed zone of the backwater inlets sampled. The community in 

this type of habitat was dominated by northern watermilfoil and was shared with other species including 

the more amphibious common spikerush. In shallow habitat that was predominantly wetted, the 

community was dominated by pondweeds, particularly Potamogeton spp. Common spike rush and star 

duckweed were much more common in shallow habitat with standing water than in those classified as 

having low water velocity (Table 4-29). 

When the same type of aquatic habitat was sampled for benthos and plant-dwelling macroinvertebrates, 

there were four to ten times more macroinvertebrates observed in the sediments than living on the 

plants. Chironomids, aquatic earthworms, and amphipods were commonly found in both the sediments 

and associated with the plants; however, aquatic earthworms and amphipods tended to contribute more 

to the community in the plants, and mayflies and fingernail clams were additional important members of 

the sediment-dwelling community. 
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4.5.3.3.3 Drifting Macroinvertebrates 

In riverine environments of the study area, a relatively large amount of macroinvertebrate biomass is 

transported downstream by flowing water. Drift traps were used to sample drifting macroinvertebrates in 

tributaries and extensive areas of rapids where sampling by other methods (e.g., dredge or air lift sampler) 

was otherwise not feasible due to logistical (e.g., water depths and water velocities too high for effective 

sampling) or safety concerns (i.e., high flows immediately upstream and downstream of Gull Rapids). 

Eighty-five macroinvertebrate taxa, including semi-aquatic and terrestrial insects, were captured in drift 

traps set throughout the Keeyask area (Nelson River mainstem, upstream of Birthday Rapids to 

downstream of Gull Rapids), including smaller tributaries to the Nelson River mainstem, between 2001 

and 2004 (Table 4-21). Macroinvertebrates were identified to a lower taxonomic level in 2003 and 2004 

and this resulted in a step-trend increase to the number of taxa observed in comparison to 2001 and 

2002. Within the Nelson River mainstem, 83 taxa were observed, with greater diversity downstream of 

Birthday (65 taxa) and Gull rapids (69 taxa). Tributaries were only assessed in 2001and 2002 and 27 taxa 

were present; when mainstem sites were limited to 2001 and 2002 data, the total number of taxa present 

in the mainstem was only slightly higher than in the tributaries (Table 4-21). 

In 2003 and 2004, aquatic insects (specifically mayflies, caddisflies, and chironomids) were the most 

abundant drifting invertebrates collected in drift traps, representing 86 to 98% of the total mean drift trap 

catch in the Keeyask area (Table 4-30). Mayflies dominated the drifting invertebrate community in the 

majority of aquatic habitats sampled, with the exception of downstream of Gull Rapids where dipterans 

(predominantly chironomids) and aquatic earthworms occasionally dominated the drift trap catch 

(Table 4-30). 

Overall, the drift traps upstream of Gull Rapids (at the downstream end of Gull Lake) were the most 

productive in terms of mean drifting invertebrate density (50 individuals/100 m3) within the study area, 

followed by traps downstream of Birthday Rapids (35 individuals/100 m3), downstream of Gull Rapids 

(21 individuals/100 m3), and upstream of Birthday Rapids (9 individuals/100 m3) (Table 4-30). From this, 

it may be inferred that the majority of drifting invertebrates in the study area were produced by the 

Nelson River aquatic habitats between Birthday and Gull rapids, including Gull Lake, and within Birthday 

and Gull Rapids themselves. Production of drifting invertebrates from Gull Rapids is likely an important 

input to Stephens Lake; however, these rapids appear to produce overall fewer drifting invertebrates than 

does the Nelson River between Birthday Rapids and the downstream extent of Gull Lake. Drifting 

invertebrates are important as a food source for fish and therefore, their abundance and distribution 

helps define the importance of an aquatic area as feeding habitat. The drifting community is also 

important in terms of providing individuals to colonize downstream areas and thereby contributing to the 

composition and abundance of downstream communities. Overall, drifting invertebrate density tended to 

peak during the summer months (late July to early August). 
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4.5.3.4 Stephens Lake Area 

4.5.3.4.1 Sediment-Dwelling Macroinvertebrates 

Benthic invertebrate studies in Stephens Lake have focussed on the deeper water areas within the central 

portions of basins (Crowe 1973; Cann 1991). Crowe (1973) examined the pre-CRD/LWR benthic 

invertebrate community of the newly formed Stephens Lake (Kettle reservoir) in 1972 and found that 

chironomids were the most abundant benthic invertebrates, though aquatic earthworms, snails, and 

mayflies were also collected. 

During the MEMP, benthic invertebrates were sampled at the mid-lake stations used for the collection of 

limnological data (Cann 1991). The composition of the benthic community varied year to year. When 

sediment-dwelling meiofauna (e.g., nematodes, copepods, cladocerans) were excluded from the analysis, 

Diptera (primarily chironomids) were the most relatively abundant (comprised approximately 45% of the 

community), followed by aquatic earthworms (17%), amphipods (15%), seed shrimp (14%), clams and 

snails (6%), and mayflies (2%). 

Elders from TCN have stated that they have noticed a decrease in the number of mayflies and that they 

feel that aquatic insects are emerging earlier, possibly due to climate change. They have also noticed other 

biological changes including waterfowl arriving earlier, moose breeding earlier, and bears breeding at 

different times (about a month earlier) (Split Lake Cree - Manitoba Hydro Joint Study Group 1996c).  

Although substantial recent benthic invertebrate data (2001–2006) are available for Stephens Lake, 

comparison of these data with those of studies conducted in the 1980s and before CRD/LWR are 

challenging because of differences in methods and approach. 

The sediment-dwelling macroinvertebrate community was quantitatively described for nine aquatic 

habitat types in the Stephens Lake area between 2001 and 2006 (Table 4-31). Thirty-two 

macroinvertebrate taxa were observed in the benthos between 2001 and 2004 (Table 4-21). 

The mean overall sediment-dwelling macroinvertebrate abundance for aquatic habitats sampled in the 

Stephens Lake area was 2,621 individuals/m2. The shallow habitats supported a slightly higher mean 

abundance of benthos (2,739 individuals/m2) than those described for the deep habitats 

(2,366 individuals/m2). Within the shallow habitats, mean abundance of benthos was higher in the 

intermittently exposed portion (3,874 individuals/m2) than in areas predominantly wetted 

(2,249 individuals/m2). Shallow areas with aquatic plants harboured a slightly lower abundance of 

benthos (2,665 individuals/m2) compared to areas devoid of vegetation (2,757 individuals/m2). With 

respect to substrate composition, sediment-dwelling macroinvertebrates were most abundant in organic-

based substrates in the shallow environment (4,318 individuals/m2). Mean total abundance for specific 

aquatic habitats ranged from 1,611 individuals/m2 in predominantly wetted shallow areas with standing 

water and soft mineral-based substrate that were devoid of aquatic plants (S-ST-S-M-NP) to 8,331 

individuals/m2 in intermittently exposed shallow areas with standing water and soft organic-based 

substrate that were devoid of aquatic plants (S-IEZ-ST-S-O-NP) (Table 4-31, Figure 4-15). There was 

substantial variability in abundances within habitat types and among replicates from individual sites. 
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Within the shallow aquatic environment, the composition of the sediment-dwelling community differed 

among specific aquatic habitat types (Table 4-31, Figure 4-15). In areas with aquatic plants present, 

chironomids were most commonly observed. Mayflies and amphipods contributed to a higher proportion 

of the community observed in beds found in predominantly wetted areas, particularly in areas with soft, 

organic-based substrate. Chironomids were also predominant in areas devoid of vegetation. In the 

shallow areas without plants, mayflies were more common in predominantly wetted areas and amphipods 

preferred organic sediments. In deep aquatic habitats, the community was dominated by chironomids, 

mayflies, and amphipods, which were all relatively common in deeper water areas with mineral-based 

sediments. However, in deeper areas with organic sediments, amphipods overwhelmingly dominated the 

community (68%). 

Areas with Winter Dissolved Oxygen Depletion 

Site-specific analysis was conducted on the sediment-dwelling community in two areas of Stephens Lake 

(Ross Wright and O‟Neil bays) that were historically inundated. In these bays, pockets of low DO 

concentrations have been observed during the winter (under ice-cover), most notably over organic 

substrates. Concentrations below Manitoba water quality objectives for the protection of cool- and cold-

water species have been observed in this area and in extreme instances anoxia has developed in some 

shallow areas (Section 2.4.2.5). These two areas were chosen as proxies for the post-impoundment 

Keeyask reservoir and were surveyed intensively in the fall of 2006 to describe the benthic community. 

The shallow, standing water habitat with organic-based substrates in Ross Wright and O‟Neil bays where 

DO depletion was observed during the previous winter supported a substantially higher mean abundance 

of benthos (6,426 individuals/m2) than either a comparable habitat type that did not experience low DO 

conditions (1,930 individuals/m2) or a habitat with silt/clay-based substrate and adequate DO 

(2,178 individuals/m2) (Figure 4-16). 

In the habitat with organic-based substrates that experienced DO depletion, chironomids 

overwhelmingly dominated the community (75%) (Figure 4-16). Other major groups of invertebrates, 

such as mayflies, amphipods, aquatic earthworms, and fingernail clams, were present, but at 

proportionately low densities. Mayflies contributed to a higher proportion of the community in habitats 

where winter DO depletion did not occur, with amphipods being proportionately more abundant in areas 

with organic-based substrate and aquatic earthworms in areas with silt/clay-based substrate (Figure 4-16). 

4.5.3.4.2 Plant-Dwelling Macroinvertebrates 

Quantitative surveys of the plant-dwelling macroinvertebrate community were undertaken in 2005 and 

2006 (years with higher than average water levels; Section 3.3.2.3) in two areas (Ross Wright and O‟Neil 

bays) of Stephens Lake that were historically inundated. These two areas were chosen to provide a proxy 

for the post-impoundment Keeyask reservoir. The plant-dwelling community was described for four 

shallow aquatic habitat types with aquatic plants present (Table 4-32). A total of 34 macroinvertebrate 

taxa were observed. 

Shallow water areas with aquatic plants harboured relatively few plant-dwelling macroinvertebrates. Mean 

total abundance for specific aquatic habitats ranged from 90 individuals/m2 in predominantly wetted 
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shallow habitat with mineral-based sediments (S-ST-S-M-RV) to 859 individuals/m2 in comparable 

intermittently exposed habitat (S-IEZ-ST-S-M-RV) (Table 4-32). There was substantial variability in 

abundances within habitat types and among replicates from individual sites. 

Hydra, chironomids, aquatic earthworms, snails, and amphipods dominated the shallow water 

environment with aquatic plants. Hydra and chironomids were common in the majority of plant beds 

sampled. Aquatic earthworms contributed to a greater proportion of the community in intermittently 

exposed habitats, whereas snails and amphipods were more common in predominantly wetted habitat 

with organic-based sediments. Aquatic plants ranged from relatively low to high density in the areas 

sampled to describe plant-dwelling macroinvertebrates (Table 4-33). Aquatic plants were most abundant 

in the shallow areas sampled with soft, mineral-based sediments. The intermittently exposed portion of 

this type of habitat was dominated by Richardson‟s pondweed; however, northern watermilfoil was also 

relatively common and Stukenia spp. and aquatic moss species were also found. The community sampled 

in the predominantly wetted portion was almost exclusively Richardson‟s pondweed. In shallow habitat 

with soft, organic-based sediments, most typically observed at the terminal ends of inundated bays (e.g., 

Ross Wright Bay), the community composition shifted and northern watermilfoil was predominant with 

water smartweed also being abundant in localized areas. 

When the same type of aquatic habitat was sampled for both benthos and plant-dwelling 

macroinvertebrates, there were two and 27 times more macroinvertebrates observed in the sediments 

than living on the plants. Chironomids, snails, aquatic earthworms, and amphipods were commonly 

found in both the sediments and living on the plants. Chironomids and mayflies generally contributed 

more to the sediment-dwelling community in comparison to the plant-dwelling community. Hydra and 

clam shrimp were notably important components of the plant-dwelling community. 

4.5.3.4.3 Drifting Macroinvertebrates 

Forty macroinvertebrate taxa, including semi-aquatic and terrestrial insects, were captured in drift traps 

set downstream of the Kettle GS in 2003 and 2004 (Table 4-21). Aquatic insects (specifically mayflies, 

caddisflies, and chironomids) were the most abundant drifting invertebrates collected in drift traps 

downstream of the Kettle GS, representing 91% of the total mean drift trap catch (Table 4-30). Similar to 

drift traps downstream of Gull Rapids, dipterans (predominantly chironomids) dominated the drift trap 

community and mayflies were relatively less dense (Table 4-30). 

Overall, the drift traps downstream of the Kettle GS (i.e., Stephens Lake) were the least productive in 

terms of mean drifting invertebrate density (7 individuals/100 m3) within the study area (Table 4-30). The 

relatively low mean drifting invertebrate density downstream of the Kettle GS may be the result of: drift 

traps being located approximately 1 km downstream of the GS structure, thereby potentially sampling the 

drifting invertebrates predominantly originating from this relatively short section of the river only rather 

than also from Stephens Lake, monthly average discharge (cubic metres per second [cms]) being lower in 

comparison to the Keeyask area, and/or the majority of drift traps being located in areas with relatively 

slower water velocities in comparison to those located in the Keeyask area. However, the lack of drifting 

invertebrate density information from immediately upstream of the Kettle GS in Stephens Lake makes it 

difficult to determine whether this low downstream density is contributed to by sampling location and/or 

a paucity of invertebrates originating from Stephens Lake and drifting through the Kettle GS. Similar to 
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other drift trap locations along the Nelson River mainstem, drifting invertebrate density tended to peak 

during the summer months (late July to early August). 

4.5.3.5 Access Road Area 

The presence of aquatic invertebrates was described using kick net samples at five stream crossings along 

the proposed Keeyask GS access road, two on the north side of the Nelson River and three on the south 

side (Map 1-4). The construction of the north access road was assessed in the KIP EA. The current 

assessment considers the construction and operation of the south access road and the operation of the 

north access road stream crossings. 

4.5.3.5.1 North Side 

Seventeen aquatic invertebrate taxa were observed in samples at SC-1, an unnamed tributary of the South 

Moswakot River on the north side of the Nelson River. Aquatic insects were the most common 

invertebrates with 11 taxa represented; caddisflies and dipterans dominated the insect community with 

four and three taxa, respectively. As described in the KIP EA, this stream will be crossed by a culvert 

with riprap to stabilize the banks on either side. No alterations to habitat outside of the crossing location 

are expected. 

The highest diversity of aquatic invertebrate taxa (33 taxa) was observed at SC-2. SC-2 crosses Looking 

Back Creek approximately 4 km upstream of Stephens Lake on the north side of the Nelson River. The 

crossing site is located in the lower reaches of the creek with 95% of the 126 km2 drainage area above the 

crossing. Aquatic insects dominated the community sampled with 24 taxa represented. Mayflies and 

caddisflies were the most common insects, each with six taxa represented, followed by snails (four taxa), 

beetles (Coleoptera) (four taxa), and dipterans (three taxa). SC-2 is the second of only two ROW 

crossings where black flies (Simuliidae) were observed; they were also observed at SC-5. Aquatic habitat 

consisted entirely of run/glide habitat with a high amount and diversity of cover, including over stream 

vegetation, woody debris, cutbank, in stream vegetation, and boulder. The diversity of habitat and size of 

the stream likely contributed to the greater diversity of aquatic invertebrates observed in comparison to 

other stream crossings. As described in the KIP EA, this stream will be crossed by a clear span bridge 

with no effect on aquatic habitat. 

4.5.3.5.2 South Side 

Aquatic invertebrates from 22 taxa were identified from Gull Rapids Creek (SC-3), a small seasonal 

tributary of the Nelson River on the south side that provides drainage to bog and fen areas including a 

small lake upstream of the crossing. Aquatic insects dominated the community sampled with 14 taxa 

observed; dipterans and caddisflies were the most common. 

The fewest aquatic invertebrate taxa (seven taxa) were observed from SC-4, a small unnamed south side 

tributary of Stephens Lake that provides drainage to bog and fen areas including a small lake upstream of 

the crossing. Three aquatic insect and two Annelida (aquatic earthworms and leeches) taxa were 

represented in the samples. SC-5 was only assessed at the crossing site, which likely contributed to the 

relatively low number of taxa observed. 
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Aquatic invertebrates from 13 taxa were identified in kick net samples from Gillrat Lake Creek (SC-5), a 

relatively small first-order stream, with virtually the entire watershed located upstream of the crossing 

location. The stream drains Gillrat Lake and flows into Stephens Lake. Aquatic insects dominated the 

community sampled with nine taxa represented; caddisflies and dipterans were the most common. SC-6 is 

one of only two ROW crossings where black flies were observed. Aquatic habitat was diverse in this 

small creek, consisting primarily of runs with lesser amounts of pools and riffles. Black fly larvae and 

pupae are found wherever there is permanent or semi-permanent running water, which the larval and 

pupal stages require for their development (Peterson 1996). 

4.5.3.6 Current Trends 

Historic benthic invertebrate (sediment-dwelling) community data were located for Split and Stephens 

lakes; there are no historic data for the Keeyask area with which to compare in order to discern long-term 

trends. The Split and Stephens lakes data were collected pre-CRD/LWR (late 1950s and 1960s in Split 

Lake, and early 1970s in Stephens Lake) and in the late 1980s as part of the MEMP. Comparison of these 

data sets with benthic invertebrate data collected for the Project with the specific purpose of assessing 

current trends is limited for the following reasons: 

 There were differences in approach (e.g., surveys were conducted at different times/seasons of the 

year) and sampling methods (e.g., different sampling, identification, and enumeration techniques were 

used in each of the studies or not adequately reported so that methods are unclear) employed. 

 The short time span of each survey (one to three years) was not adequate to account for normal year-

to-year variability in abundance. 

 Benthic invertebrate abundance and composition varied considerably within waterbodies and among 

study years. 

However, qualitative comparisons of benthic invertebrate data over time are presented. 

Generally, in Split and Stephens lakes over time, most benthic invertebrate organisms occurred 

throughout the lake; the difference among aquatic habitats was with respect to the relative abundance of 

the various invertebrate groups. 

The benthic invertebrate community in Split Lake during summer sampling in the late 1950s and 1960s 

consisted of amphipods, mayflies, chironomids, fingernail clams, and snails. These invertebrate groups 

were also collected during the present study, though the order of relative abundance was different. 

Chironomids dominated the shallow water community of the present study; however, mayflies, fingernail 

clams, snails, and aquatic earthworms were also relatively abundant. Snails, fingernail clams, mayflies, and 

amphipods were all relatively common in deeper water areas of Split Lake. The composition of the 

benthic community varied year to year during the MEMP in the late 1980s, but was dominated by 

nematodes, with amphipods and fingernail clams being of secondary importance. A relatively large 

number of nematodes was recorded in comparison to the pre-CRD/LWR results and those of the 

present study, due in part to the smaller mesh size (400 µm) used to sieve the benthic samples, which 

would have selectively retained more of the small nematodes. When nematodes were excluded from the 

analysis, seed shrimp, amphipods, and clams dominated the community. The relatively low abundance of 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-74 

mayflies in the late 1980s has been related to the implementation of CRD/LWR by local knowledge. 

Whether this temporary decline relates to hydroelectric development or other factors is unclear, though, 

as Giberson et al. (1991, 1992) showed a dramatic decline in mayfly populations in Southern Indian Lake 

following hydroelectric development that was strongly correlated with air temperatures during the 

summer period, suggesting that weather, rather than hydroelectric development, was largely responsible 

for controlling the mayfly population abundance. 

In the early 1970s (pre-CRD/LWR), the benthic invertebrate community in deep water areas of Stephens 

Lake was dominated by chironomids; aquatic earthworms, snails, and mayflies were also present. These 

invertebrate groups were also observed during the present study. In shallow and deep aquatic habitats, 

chironomids, mayflies, and amphipods dominated the community. However, there were differences 

among specific types of aquatic habitat with respect to the relative abundance of the various invertebrate 

groups. As for Split Lake, the composition of the benthic community varied year to year during the 

MEMP in the late 1980s. When the meiofauna (e.g., nematodes, copepods, cladocerans selectively 

retained by the smaller mesh size) were excluded from the analysis, chironomids dominated the 

community at the mid-lake stations, followed by aquatic earthworms, amphipods, and seed shrimp; 

mayflies only comprised 2% of the community. Elders from TCN have noted the relatively low 

abundance of mayflies in the late 1980s and they also felt that aquatic insects were emerging earlier, 

possibly due to climate change.  

4.5.4 Project Effects, Mitigation and Monitoring 

4.5.4.1 Construction Period 

The following section considers potential effects related to the construction of the GS and south access 

road, and operation of the construction camp and north and south access roads during the construction 

period. The construction of the north access road was assessed in the KIP EA (Keeyask Hydropower 

Partnership Ltd. 2009). 

An assessment of potential Project effects on the aquatic macroinvertebrate community during the 

construction period is based on the assessment of construction-related effects to surface water quality 

(Section 2.5.1, Table 2-12), physical attributes of aquatic habitat (Section 3.4.1), and aquatic macrophytes 

(Section 4.3.4.1). The primary potential effect(s) on aquatic macroinvertebrates is related to inputs 

affecting water quality, such as increases in TSS concentrations and related variables (i.e., turbidity) due to 

in-stream activities (e.g., cofferdam placement and removal, river impoundment and diversion) and inputs 

or construction activities that affect DO concentrations in the lower Nelson River. Predicted increases in 

TSS will alter downstream substrate due to sedimentation, and this could influence aquatic 

macroinvertebrates in affected areas. Cofferdam placement and dewatering of the area within cofferdams 

would affect any aquatic macroinvertebrates in the immediate vicinity of any works (the majority of 

aquatic habitat affected during construction will also affected by the permanent works; some construction 

works will remain in place and be submerged during impoundment). The aquatic macroinvertebrate 

community (i.e., plant-dwelling macroinvertebrates) would respond to any changes in aquatic 

macrophytes as a result of inputs affecting water quality and sedimentation. Additionally, some aquatic 

habitat disruption will occur during construction of stream crossings to accommodate the south access 
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road and may affect aquatic macroinvertebrates at the crossings. It is expected that construction effects 

(e.g., inputs affecting water quality) will be managed through appropriate mitigation measures 

(Section 2.5.1; Section 3.4.1), thereby reducing the duration and magnitude of any construction-related 

effects on the aquatic macroinvertebrate community. 

4.5.4.1.1 Upstream of the Outlet of Clark Lake 

No construction-related effects on the aquatic macroinvertebrate community are expected upstream of 

the outlet of Clark Lake as there are no linkages between Project construction and surface water quality 

(Section 2.5.1) or aquatic habitat (Section 3.4.1) in Split, Assean, or Clark lakes.  

4.5.4.1.2 Downstream of the Outlet of Clark Lake 

The following sub-sections present the assessment of potential effects of construction activities on the 

aquatic macroinvertebrate community in the Keeyask area and downstream. 

Changes to Water Quality 

Total Suspended Solids, Turbidity, and Water Clarity 

The current variability of river flow results in variations in the concentrations of suspended sediments 

and their deposition in the study area. As a result, the current aquatic macroinvertebrate community 

should be able to withstand very short-term increases (i.e., days to a few weeks) in suspended and benthic 

sediments with small, long-term negative effects. Overall, the activities with the greatest potential to 

increase TSS concentrations in the lower Nelson River during construction of the GS are related to 

cofferdam placement and removal, and river impoundment and diversion (Section 2.5.1.1). Prolonged 

(i.e., months), low to moderate increases in suspended fine sediments beyond the current range of 

concentrations may affect aquatic macroinvertebrates in the following ways: abrasion of/deposition on 

respiratory surfaces (i.e., gills) (e.g., a reduction in certain types of mayflies); interference of food intake for 

filter-feeders (e.g., a reduction in certain types of caddisflies and fingernail clams); and increased rates of 

invertebrate drift due to changes in feeding efficiency and behaviour (e.g., a temporary reduction in 

aquatic insect abundance in areas exposed to increases in TSS). 

Generally, the construction and removal of cofferdams will generate an increase of less than 5 mg/L of 

TSS above background downstream of Gull Rapids (Section 2.5.1). Larger TSS increases are expected to 

be of relatively small magnitude and short duration. Peak levels are predicted to be up to 15 mg/L for 

one day or up to 7 mg/L for one month (Section 2.5.1). Drainage of surface runoff to the Nelson River 

will be controlled through a Drainage Management Plan (as described in the PD SV) to minimize the 

amount of sediment produced and the potential for sediment to enter watercourses. If the TSS 

concentration in water pumped out of cofferdam and excavation areas and in concrete wash water is 

greater than 25 mg/L the water will remain in a settling pond until it meets this TSS criterion before 

being discharged to the Nelson River. As the magnitude and duration of any increases in TSS are typically 

within the 30-day MWQSOG for PAL (an increase of 5 mg/L above background where background is 

less than or equal to 25 mg/L), the aquatic macroinvertebrate community may be negatively affected in 

this downstream environment (i.e., small, undetectable reductions in aquatic macroinvertebrate 

distribution and/or abundance may occur in affected areas during the construction period). Additionally, 
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these concentrations are well below levels that been described as being “low risk” to fish and their habitat 

(25–100 mg/L; DFO in Birtwell 1999).Under water Excavated Material Placement Areas (EMPAs) in the 

reservoir will be armoured and of limited elevation to prevent erosion by flowing water. In shallow areas 

of the reservoir, they will be placed in areas where they do not exacerbate the depletion of DO. 

Dissolved Oxygen 

During the latter stages of the Stage II Diversion, when water levels are increased to near full supply 

level, flooding of organic materials is expected to reduce DO concentrations in flooded areas 

(Section 2.5.1.2). Additionally, the earlier initiation of ice bridging upstream of Gull Rapids may cause 

upstream water levels to increase by 0.5–1.5 m during Stage I and Stage II Diversion in the event of a 

construction design flood. While these water level increases would remain within the range of water levels 

expected under a similar flow event during Project operation, this occurrence during construction may 

lead to DO depletion related to decomposition of flooded organic materials similar to that which would 

occur in the initial period post-impoundment (Section 2.5.1.2). These effects (i.e., due to reservoir 

impoundment) are discussed in detail in the assessment of operation-related effects on surface water 

quality (Section 2.5.2.2) and aquatic macroinvertebrates (Section 4.5.4.2). 

Metals and Contaminants (e.g., Hydrocarbons) 

Small amounts of metals will be introduced into the aquatic environment in association with construction 

activities that release sediments, as discussed in Section 2.5.1.6. However, given the proposed mitigation 

measures to manage sediment levels, these inputs are not expected to cause marked increases in metal 

levels and, consequently, will have no detectable effect on the aquatic macroinvertebrate community. 

The presence and levels of hydrocarbons in the aquatic environment could potentially be affected by 

accidental spills or release of substances containing hydrocarbons (e.g., diesel fuel, gasoline, lubricating oil, 

etc.). Other hazardous substances will also be used during the construction period. As described in 

Section 2.5.1.6, the release of significant quantities of hazardous substances to the aquatic environment as 

a result of accidental spills and releases is considered unlikely due to the development and 

implementation of good management practices. 

Alteration and Destruction of Aquatic Habitat 

Downstream Sedimentation 

It is predicted that approximately 30 % of the additional sediment resulting from shore erosion during 

Stage I and II Diversions will be deposited in Stephens Lake before it reaches the Kettle GS 

(Section 2.5.1.1.3); most of the deposition is expected to occur near the entrance of Stephens Lake, 

downstream of Gull Rapids (Section 3.4.1.5). This additional sedimentation could negatively influence the 

aquatic macroinvertebrate community in the affected area depending on the size of sediment particles, 

the type of substrate (e.g., greater negative potential if coarser substrate affected), the spatial extent (e.g., 

greater negative potential as percent surface cover increases), and depth of deposited sediments (e.g., 

greater negative potential if depth of sediments exceeds 5 cm), the rate of deposition, and if deposited 

sediments are stable or transient (e.g., washed away with the next higher flow event). Cumulative sediment 
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input from all construction sources, over a four-year period for instream work, is expected to result in a 

depth of deposited sediments less than 0.6 cm (very low rate of deposition) through the south arm of 

Stephens Lake. Deposited material will likely be a combination of silt, sand, and coarser material, and is 

unlikely to be remobilized during the GS operating period. A small increase in sediment may reduce 

population densities because of a reduction in habitat space (e.g., an increase in substrate embeddedness); 

however, community structure (i.e., community composition) may not change (Lenat et al. 1979). An 

increase in the volume of fine sediments may favour certain taxa over others; for example, some 

chironomids use fine sediments in the construction of cases and tubes, aquatic earthworms and fingernail 

clams are often associated with fine sediment, and specific mayflies (Hexagenia limbata) are more common 

in silt deposits, into which they burrow. Some types of mayflies, stoneflies, and caddisflies are often 

particularly affected by sedimentation due the inhibitory effects of fine sediments on attached algae as a 

food source, density of prey items, available oxygen for respiration, and interstitial space (i.e., spaces 

between coarser particles) for refuge. When the substrate is degraded by fine sediment, there will be a 

point where the macroinvertebrate community will become less diverse and numerically dominated by 

fine sediment tolerant taxa, such as chironomids. However, based on the low rate of deposition and 

resultant minimal depth of deposited sediments over the four years of instream work, downstream 

sedimentation is not expected to have a measurable effect on the aquatic macroinvertebrate community 

during the construction period. 

Loss of Aquatic Habitat in Footprint of Supporting Infrastructure 

The construction of cofferdams will result in the temporary loss of aquatic habitat in Gull Rapids 

(Section 3.4.1.1). The benthic macroinvertebrate community occupying hard substrate, faster-flowing 

water aquatic habitat types will be directly affected by the loss of habitat due to either cofferdam 

footprint or dewatered area; additionally, starting during construction, there would be a site-specific 

decrease in the production of drifting invertebrates (predominantly aquatic insects) from these areas. 

Starting during construction and continuing through operation, the positioning of EMPAs within the 

reservoir may increase aquatic habitat diversity in affected areas. 

Aquatic Macrophytes 

Predicted moderate reductions in the production of drifting, non-vascular plant (filamentous algae) 

biomass originating from Gull Rapids during construction may further negatively affect aquatic 

macroinvertebrate distribution and/or abundance due to a decrease in available habitat. 

4.5.4.1.3 South Access Road Stream Crossings 

No response is expected due to the input of sediments into natural watercourses as effects to surface 

water quality are predicted to be small due to the application of various mitigation measures 

(Section 2.5.1.7).  

At each of the three stream crossings, the footprint of the road, combined with the installation of the 

culvert(s), will result in several changes in aquatic habitat (Section 3.4.1.6). A portion of the benthic 

macroinvertebrate community that occurs at proposed south access road stream crossings will be lost due 

to infilling of a relatively small amount of aquatic habitat at crossings. Potential effects to benthic 
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invertebrates at the stream crossings will be addressed by following the “Manitoba Stream Crossing 

Guidelines for Protection of Fish and Fish Habitat” and other pertinent regulatory guidelines. 

4.5.4.1.4 Net Effects of Construction with Mitigation 

Collectively, the above assessment points to the potential for small decreases in aquatic 

macroinvertebrate distribution and/or abundance during the construction period. Changes in distribution 

and/or abundance would occur over the short- to long-term downstream of the outlet of Clark Lake. 

Additionally, the construction of cofferdams will result in a moderate reduction in the production of 

drifting invertebrates (predominantly larval insects) originating from Gull Rapids. The decrease in drifting 

invertebrates is expected to be long-term due to effects continuing through the operation period.  

Access road stream crossings will result in the permanent loss of benthic macroinvertebrates in the 

immediate footprint of the access road and culvert(s). 

4.5.4.2 Operation Period 

The aquatic macroinvertebrates are typically a diverse assemblage, and are adapted to the range of 

substrate types and water flow regimes (e.g., fast-flowing rivers, sheltered bays in lakes with no discernable 

flow) found in the aquatic environment. The impoundment of rivers often produces large changes in the 

macroinvertebrate community, both within the reservoir and downstream of the GS. Generally, changes 

within reservoirs are consistent with organic enrichment and a transition from riverine to lacustrine-type 

habitat (Henriques 1987). In regulated systems, such as the reservoir areas of hydroelectric generating 

stations, the increased frequency of water level fluctuations tends to reduce macroinvertebrate abundance 

in shallow, regularly exposed areas along the shoreline (i.e., upper littoral zone) (e.g., Hunt and Jones 

1972). 

4.5.4.2.1 Upstream of the Outlet of Clark Lake 

No response is expected. Selection of a 159 m ASL reservoir elevation instead of a higher elevation will 

avoid Project-related effects as Split Lake area is beyond the upstream extent of the expected hydraulic 

zone of influence. 

4.5.4.2.2 Outlet of Clark Lake to the Keeyask Generating Station 

Potential Project Effects and Proposed Mitigation 

Operation-related pathways that were assessed for potential effects to aquatic macroinvertebrate 

distribution, abundance, and/or community composition included: flooding (loss of existing habitats, 

creation of new habitats); reduction in medium and high water velocity habitats; conversion of existing 

hard substrates (gravel, cobble, boulder) to silt/clay due to sedimentation in Gull Lake; increase in the 

frequency of water level fluctuations; conversion of tributary habitat to bays; and, a reduction in the 

extent and severity of ice scour (Section 3.4.2.2); and, changes in surface water quality in off-current 

areas, in particular bays (Section 2.5.2.2). Summaries of predicted responses of aquatic macroinvertebrates 

to changes resulting from the operation of the Project are presented in Figure 4-5. Where feasible, the 

effects of these pathways were considered using modelling exercises (quantification of potential effects), 
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empirical information from Stephens Lake and other reservoirs in northern Manitoba, reservoirs in other 

northern temperate areas, and the scientific literature. 

Assessment of Operation-Related Effects 

Modelling Approach 

Post-impoundment, the newly flooded areas created and the expansion of deep-water habitat (standing-

low water velocity, soft, mineral-based substrates) as water levels increase are expected to provide suitable 

habitat for benthic macroinvertebrates and result in an approximate area-wide, two- to three-fold increase 

in total benthic macroinvertebrate abundance (individuals/habitat type; Table 4-34). However, in the 

medium term (i.e., 10–15 years post-impoundment), DO depletion in bays within the shallow, flooded 

areas, and potentially longer (i.e., longer than 25 years) in highly isolated areas where organic substrates 

persist, is expected to limit invertebrate colonization to a few resilient groups (e.g., chironomids). As 

aquatic plant beds are not expected to begin to develop in the downstream portion of the new reservoir 

(reaches 5-9A) until between 5 and 15 years after impoundment (Section 3.4.2.2; Table 4-16), the plant-

dwelling macroinvertebrate community would also be mostly absent during this time (Table 4-35). 

Following impoundment, most groups of macroinvertebrates should be represented, but their relative 

importance will likely be influenced by the extent and frequency of water level fluctuation, DO 

concentrations, food availability, and substrate suitability (i.e., preferences of groups). 

Model results indicate an expected area-wide, large increase (a direct gain of approximately 3,363 ha) in 

aquatic habitat in the long-term when the reservoir is at MOL (Appendix 3D, Table 3D-1). A larger 

increase (a direct gain of approximately 5,176 ha) is modelled for the reservoir at FSL; however, a portion 

of the upper littoral habitat has the potential to be degraded in quality (i.e., increased potential for 

desiccation and freezing) for both sediment- and plant-dwelling macroinvertebrates due to increased 

frequency of water level fluctuations, the extent of which will depend on water level cycling at FSL 

(Appendix 3D; Appendix 4A, Table 4A-1 and Table 4A-2). The quality of the upper littoral zone will also 

be influenced by the type of substrate affected by water level fluctuation; mineral-based substrate tends to 

freeze solid to some depth (degraded quality for benthic macroinvertebrates), whereas organic-based 

substrate typically freezes only at the surface, if at all (better quality for benthic macroinvertebrates) 

(Koskenniemi 1994). When the GS is operating in peaking mode, water levels in the 19 km section of the 

reservoir upstream of the powerhouse could fluctuate by as much as 1.0 m per day (excluding wind 

effects); the magnitude of water level variation would diminish near the upstream boundary of the 

hydraulic zone of influence (Section 3.4.2.2). Additionally, three reservoir zones are anticipated post-

impoundment: riverine (higher flow and lower residence time); transitional (reduced flow and increased 

residence time); and lacustrine (low flow and greatest residence time). 

An area-wide, large increase in the abundance of benthic macroinvertebrates (three- to four-fold) is 

expected in the long-term in response to the increased availability of aquatic habitat (Table 4-34). 

However, estimates for the plant-dwelling macroinvertebrate community vary between an approximate 

78 and 48% reduction in abundance depending on water level cycling under the peaking mode of 

operation in the future reservoir (Table 4-35). Under a base loaded mode of operation (assuming no 

cycling of water level with the reservoir at FSL), the reduction in plant-dwelling macroinvertebrates is 
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only 19% relative to the existing environment; this is due to the upper littoral habitat no longer being 

degraded in quality (i.e., all habitat is permanently wetted) (Table 4-35). The increase in benthic 

macroinvertebrate abundance may be accompanied by a change in the community composition from that 

typical of riverine aquatic habitat to one more characteristic of slower-flowing water (i.e., resembling 

portions of Stephens Lake). However, a community characteristic of existing faster waters will not 

disappear entirely as there will likely be a longitudinal variation in the benthic macroinvertebrate 

community reflecting the change from more riverine (upper portion of reservoir), to transitional (middle 

portion), to lacustrine (lower reservoir) (Northcote and Atagi 1997). 

Flooding and peat disintegration are expected to cause decreases in DO concentrations in portions of 

shallow, flooded bays of the reservoir with poor mixing and long water residence times in the open water 

and ice-cover seasons (Section 2.5.2.2). The effects are expected to be medium term in duration (i.e., the 

first 10–15 years post-impoundment), but in highly isolated shallow areas where organic substrates persist 

and/or where floating peat islands are present, the duration of effects may be longer (i.e., longer than 25 

years). The majority of the reservoir is expected to remain well-oxygenated throughout the year due to 

high water volumes/flows and short water residence times. The area over which the most stringent PAL 

water quality objective (chronic objective of 6.5 mg/L) is expected to be met in summer would vary 

according to the mode of operation (water level fluctuations) and wind speeds, but is expected to include 

the mainstem of the reservoir (including the immediate reservoir near the GS) and substantial portions of 

the flooded bays. Localized depletion of oxygen may occur where substantive areas of peat islands 

possibly will accumulate, particularly in shallow, flooded areas. Greater effects to DO in the Keeyask area 

will occur in winter, where a larger area will be affected, the magnitude of DO depletion will be greatest, 

and the duration of the effects would be longest. In winter, the area over which the most stringent PAL 

water quality objectives would be met in the reservoir is estimated as 62–69 km2 (approximately 66–74% 

of the total reservoir area), depending on mode of operation. Anoxic and hypoxic conditions are 

expected to develop in shallow areas over flooded terrestrial habitat with limited mixing with the 

mainstem during the ice-cover season. As the ice-cover season is long in the Aquatic Environment Study 

Area, these low DO conditions are expected to occur for a number of months. Most invertebrate taxa 

tolerate all but very low DO levels (less than or equal to 10% saturation); however effects of low DO 

concentrations are typically observed at concentrations of less than or equal to 5–6.5 mg/L (Dauer 1993; 

Lowell and Culp 1999; Chambers et al. 2000; Dunnigan et al. 2004). Of the insects, mayflies demonstrate 

the highest sensitivity to low DO conditions [lethal effects observed at less than or equal to 20% 

saturation (Dauer 1993) or less than 1 mg/L (Winter et al. 1996)], while chironomids are more tolerant 

(Connolly et al. 2004). Initially, lower invertebrate biomass, abundance (particularly mayflies, stoneflies, 

and caddisflies, collectively referred to as EPT), and richness (particularly EPT) are anticipated in areas 

with poor DO conditions, with a community dominated by chironomids. A summer DO and water 

temperature regime of greater than or equal to 8 mg/L and greater than or equal to 10°C is adequate to 

sustain mayfly nymphs without limiting their survival. A reduction in DO at a high temperature would be 

more harmful to nymphs than the same degree of hypoxia at a lower temperature (Winter et al. 1996). 

During periods of ice-cover, water temperatures typically approach 0°C; such low temperatures may 

reduce invertebrate metabolism (and thus, oxygen demand) sufficiently to somewhat lessen the negative 

impacts of low DO concentrations during the winter (Lowell and Culp 1999). 
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The reduction in fast water (high velocity) and hard substrate at rapids due to flooding (up to 60% 

reduction in high velocity, hard substrate habitat; Appendix 3D, Table 3D-1) will result in a reduction in 

the abundance of macroinvertebrates favouring this type of aquatic habitat and likely contribute to a 

decline in the production of drifting invertebrates from within Birthday Rapids. Although water velocity 

is being reduced and water depth is increasing in areas of the reservoir, water flow is expected to be 

adequate (relatively short water residence time; low to high velocity aquatic habitat present) through the 

mainstem to produce and maintain a somewhat comparable density of drifting invertebrates 

(Section 3.4.2.2; Appendix 3D, Table 3D-1), particularly in the transitional and riverine environments of 

the middle and upper reservoir. In addition, there is typically a positive correlation between discharge 

(cms) and invertebrate drift (Svendsen et al. 2004) and future environment flows are expected to be quite 

similar to what has occurred over the past 30 years (existing environment) (PE SV, Section 4.4.2.1). 

Information from Other Reservoirs 

Presently, abundances of aquatic macroinvertebrates in the study area along the Nelson River are within 

the range observed for waterbodies along the Churchill, Rat/Burntwood, and Lower Nelson river 

systems. In the Keeyask area of the Nelson River, overall mean abundance was 3,539 individuals/m2, 

which was comparable to the lower Churchill River (post-weir; 1999–2005) and the riverine and 

transitional portions of both the Long Spruce and Limestone reservoirs (2003 only; NSC 2012) and 

slightly higher than that observed in Stephens Lake. The abundance of macroinvertebrates (specifically, 

amphipods) in the lower portions of both the Long Spruce and Limestone reservoirs was higher (4,200 

and 5,500 individuals/m2, respectively), suggesting an increase in productivity due to impoundment (NSC 

2012). Within the Keeyask area, chironomids, aquatic earthworms, and amphipods were commonly 

found in both the sediments and associated with the plants; however, aquatic earthworms and amphipods 

tended to contribute more to the community in the plants, and mayflies and fingernail clams were 

additional important members of the sediment-dwelling community. Similarly to the Keeyask area, 

chironomids, amphipods, oligochaetes, and snails contributed to the community of Stephens Lake; 

however, fingernail clams were relatively uncommon while mayflies were a considerably more important 

component of the sediment-dwelling macroinvertebrate community. 

A more prolonged exposure to sediment deposition will result in a reduction in the abundance of certain 

types of invertebrates through the abrasion of respiratory surfaces (i.e., gills) (e.g., a reduction in certain 

types of mayflies), interference of food intake for filter-feeders (e.g., a reduction in certain types of 

caddisflies and fingernail clams), and increased rates of invertebrate drift (e.g., a reduction in aquatic insect 

abundance), but will also influence the structure of benthic macroinvertebrate communities. Numerous 

stream-dwelling mayflies, caddisflies, and stoneflies prefer coarse streambed substrates and are harmed by 

intrusions of fine sediments, while other groups of invertebrates (e.g., chironomids) are more tolerant of 

fine sediment deposition onto existing gravel and cobble substrates. 

Amphipods generally occur in greater numbers within slower-moving water and seem to prefer flooded 

terrestrial habitat; therefore, an increase in their abundance following impoundment could be expected, 

particularly in the more lacustrine downstream portion of the Keeyask reservoir. Greater abundances of 

chironomids and certain types of mayflies [primarily Ephemeridae (burrowing mayflies)] may be expected 

due to the establishment of silt or clay bottoms (preferred habitat of burrowing mayflies; Merritt and 
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Cummins 1996) in portions of the lower region of the reservoir where other conditions are also suitable 

(e.g., adequate DO concentrations), as was observed in each of the lower Nelson River reservoirs 

following impoundment (NSC 2012). 

Typically, significant variation in drifting invertebrate density occurs among stream reaches, within 

reaches, and over time. Drifting invertebrates may originate from the aquatic macroinvertebrate 

community in habitat immediately upstream of sampling locations, but also from habitat in the mainstem 

and tributaries considerable distances upstream (Shearer et al. 2003). Factors associated with variation in 

the magnitude of drift include water velocity, light (i.e., daytime vs. nighttime), and substrate type. 

However, for most types of macroinvertebrates, the relative and interactive effects of these different 

factors are not well understood as most streams and rivers are made up of many habitat types that differ 

in terms of the above attributes and others (Baker and Hawkins 1990). In general, there appears to be a 

positive correlation between stream discharge (cms) and invertebrate drift (Svendsen et al. 2004). 

However, water velocity does not seem to describe a simple linear response, but rather velocity seems to 

limit the range of drift densities possible. At slow flows, a wide range of drift densities (relatively low to 

high) is possible, but with increasing water velocity, the highest observed drift densities decrease in 

magnitude. At any particular water velocity, significant variation typically occurs, most likely associated 

with other habitat attributes (e.g., substrate type) (Baker and Hawkins 1990). 

Overall, the drift traps upstream of Gull Rapids (at the downstream end of Gull Lake) were the most 

productive in terms of drifting invertebrate density within the study area, followed by traps downstream 

of Birthday Rapids, downstream of Gull Rapids, and upstream of Birthday Rapids. From this, it may be 

inferred that the majority of drifting invertebrates in the study area was produced by the Nelson River 

aquatic habitats between Birthday and Gull rapids, including Gull Lake. Relatively higher production of 

drifting invertebrates from within this portion of the Nelson River may be contributed to by the relatively 

high aquatic habitat diversity in comparison to rapids alone, the greater proportion of low-medium water 

velocity habitat (0.2–1.5 m/s), and substrate made up of proportionately more gravel and cobble 

(Map 3-8 and Map 3-14). In terms of water velocity suitability for benthic invertebrates in rivers, 

preferences (i.e., optima) have been shown to occur between 0.9 m/s and 1.3 m/s, both of which are 

medium water velocities (0.5–1.5 m/s) (Jowett et al. 1991). Generally, in riverine environments 

invertebrates are more abundant (i.e., show a preference) in shallow water and in gravel or coarser 

substrates (particularly mayflies, stoneflies, and caddisflies) (Minshall 1984, Jowett et al. 1991). Total 

benthic invertebrate production tends to be relatively low on extremely fine (e.g., silt/clay, sand) and 

extremely coarse (e.g., boulder, bedrock) substrates, while productivity is typically highest for substrate 

particles averaging 10 mm in diameter (i.e., gravel, cobble) (Morin 1997). Post-impoundment, water flow 

is expected to be adequate (relatively short water residence time; low to high velocity aquatic habitat 

present) through the mainstem to produce and maintain a somewhat comparable density of drifting 

invertebrates, particularly in the transitional and riverine environments of the middle and upper reservoir. 

Impoundment will flood several creek mouths (Portage, Two Goose, and Nap creeks) further upstream 

in the reservoir. Shallow riffle areas are known to be highly productive in terms of insect larvae (Scullion 

et al. 1982) and production declines at deeper water depth (Hynes 1970). In 2004 and 2005, drifting 

invertebrate density was typically highest near the mouths of small tributaries to the lower Nelson River 

(i.e., downstream of the Limestone GS) in comparison to mainstem locations (Capar and Gill 2008, Gill 
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and Chambers 2008). The amount of invertebrate production that would be lost from Portage, Two 

Goose, and Nap creeks after impoundment at Gull Rapids is difficult to assess without knowing the 

detailed gradient and substrate type of the potentially flooded riffles. Depending on the size of the 

substrate, stream beds at gradients greater than 2% may be unstable and support relatively few 

invertebrates (Cobb et al. 1992). Based on a coarse visual assessment of Figure 4.4-23, Figure 4.4-24, and 

Figure 4.4-25 in Section 4.4.2.2 of PE SV, it appears that there are relatively short sections of potentially 

flooded riffle habitat with gradients of greater than 2%; however, the majority of potentially affected riffle 

habitat looks to have gradients of less than 2%. Increasing water levels and decreasing velocities will 

reduce the production of insect larvae in low gradient (i.e., less than 2%) riffles where productivity is 

expected to be relatively high; however, increasing water levels would provide more stable habitat in high 

gradient riffles. 

A reduction in ice scour stress will increase the amount of aquatic habitat suitable for macroinvertebrates, 

possibly resulting in a small increase in the distribution and abundance of these organisms. However, 

available information suggests that disturbance of habitat induced by ice breakup and scour is temporary, 

with avoidance behaviour being suggested as one reason for the apparent resilience of some invertebrates 

(e.g., larval insect nymphs) (Prowse and Culp 2003). 

As was observed in Stephens Lake, shallow areas that experience low DO conditions may ultimately 

support a substantially higher mean abundance of benthic macroinvertebrates in the long-term post-

impoundment if DO depletion continues to occur during the winter months. However, the community 

would continue to be dominated by chironomids with other major groups of invertebrates, such as 

mayflies, amphipods, aquatic earthworms, and fingernail clams, present, but at proportionately lower 

densities (Section 4.5.3.2). Chironomids and aquatic earthworms are also expected to be able tolerate the 

conditions of periodic exposure (desiccation, freezing) in the upper littoral zone as well as be able to 

rapidly take advantage of newly flooded terrestrial habitat in the short term (i.e., first few years) following 

impoundment. 

Local knowledge indicates that mayflies disappeared from Split Lake after CRD/LWR (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996c). Whether this decline relates to hydroelectric development or 

other factors is not clear; Giberson et al. (1991, 1992) showed a dramatic decline in mayfly populations in 

Southern Indian Lake following hydroelectric development that was strongly correlated with air 

temperatures during the summer period, suggesting that weather, rather than hydroelectric development, 

was largely responsible for controlling the mayfly population abundance. 

Elders from TCN have stated that they have noticed a decrease in the number of mayflies and have also 

stated that they feel that insects are emerging earlier, possibly due to climate change as they have also 

noticed other biological changes including waterfowl arriving earlier, moose breeding earlier, and bears 

breeding at different times (about a month earlier) (Split Lake Cree - Manitoba Hydro Joint Study Group 

1996c).  

4.5.4.2.3 Downstream of the Keeyask Generating Station 

Operation-related pathways that were assessed for potential effects to aquatic macroinvertebrate 

distribution, abundance, and community composition included: alteration of flow patterns, and water 
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velocities and depths, a reduction in the extent and severity of ice scour in the portion of the Nelson 

River to the inlet of Stephens Lake, the direct loss of aquatic habitat due to dewatering of Gull Rapids 

and the footprint of the GS structure, and a change in the density of drifting invertebrates entering from 

Gull Lake. Summaries of predicted responses of aquatic macroinvertebrates to changes resulting from the 

operation of the Project are presented in Figure 4-6. Where feasible, the effects of these pathways were 

considered using modelling exercises (quantification of potential effects), empirical information from 

Stephens Lake and other reservoirs in northern Manitoba, reservoirs in other northern temperate areas, 

and the scientific literature. 

Macroinvertebrates are vulnerable to rapid diurnal changes in flow and regulated river reaches below 

generating stations, with erratic flow patterns, are typically characterized as having low total richness (i.e., 

few taxa present) (Munn and Brusven 1991). Sudden increases in flow can cause considerable drift in 

response to increased sheer stress, thereby reducing benthic macroinvertebrate abundance (Layzer et al. 

1989). The impact of high velocity water releases can also selectively influence the downstream 

macroinvertebrate community; small insect larvae and other invertebrates cannot tolerate high velocities 

and are often under-represented downstream of generating stations for this reason (De Jalon et al. 1994). 

A reduction in ice scour stress will increase the amount of aquatic habitat suitable for macroinvertebrates, 

possibly resulting in a small increase in the distribution and abundance of these organisms. However, 

available information suggests that disturbance of habitat induced by ice breakup and scour is temporary, 

with avoidance behaviour being suggested as one reason for the apparent resilience of some invertebrates 

(e.g., larval insect nymphs) (Prowse and Culp 2003). 

The direct loss of aquatic habitat at Gull Rapids due to dewatering of the rapids and the footprint of the 

GS structure will likely result in a decrease in the production of drifting invertebrates from within Gull 

Rapids and the abundance of benthic macroinvertebrates typical of fast-flowing, hard substrate aquatic 

habitat. Although fast water habitat along the north shore and small river/rapids habitat on the south 

shore will be created, it is uncertain how the amount and type of new aquatic habitat will compare to that 

lost within Gull Rapids in terms of providing habitat for benthic macroinvertebrates favouring this type 

of environment and producing drifting invertebrates. Additionally, the GS itself will act as a physical 

barrier, thereby impeding or restricting the drift of aquatic invertebrates downstream to some extent and 

active upstream movements in localized areas. Analyzing the effect of a barrier on the movement of 

aquatic invertebrates is more complicated than doing so for relatively larger fish species. Marchant and 

Hehir (2002) reported a loss in the number of invertebrate taxa immediately downstream of 19 larger 

dams (greater than 15 m in height) in southeast Australia, which may have been contributed to by limited 

colonization through drift. The existence of a barrier effect on aquatic macroinvertebrates is likely 

influenced by the size and operational type of dam. 

Post-impoundment, water flow is expected to be adequate (relatively short water residence time; low to 

high velocity aquatic habitat present) through the mainstem of the reservoir to produce and maintain a 

density of drifting invertebrates somewhat comparable to the existing environment, particularly in the 

transitional and riverine environments of the middle and upper reservoir. Production of drifting 

invertebrates from Gull Rapids contributes to the input of invertebrates to Stephens Lake; however, 

these rapids appear to produce overall fewer drifting invertebrates than does the Nelson River between 
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Birthday Rapids and the downstream extent of Gull Lake. Relatively lower production of drifting 

invertebrates from within Gull Rapids may be influenced by the greater proportion of high water velocity 

habitat (greater than 1.5 m/s) and substrate made up of predominantly cobble, boulder, and bedrock 

(Map 3-8 and Map 3-14). 

The drifting macroinvertebrate community downstream of the Kettle GS was quantified in 2003 and 

2004 to provide a proxy for assessing potential changes in production from specific areas (i.e., Gull 

Rapids) associated with the proposed Keeyask hydroelectric development. Overall, the drift traps 

downstream of the Kettle GS (i.e., downstream of Stephens Lake) were the least productive in terms of 

mean drifting invertebrate density within the study area. The relatively low mean drifting invertebrate 

density downstream of the Kettle GS may be the result of: drift traps being located approximately 1 km 

downstream of the GS structure, thereby potentially sampling the drifting invertebrates predominantly 

originating from this relatively short section of the river only rather than also from Stephens Lake; 

monthly average discharge (cms) of this portion of the Nelson River being lower in comparison to the 

Keeyask area; and/or the majority of drift traps being located in areas with relatively slower water 

velocities in comparison to those located in the Keeyask area. However, the lack of drifting invertebrate 

density information from immediately upstream of the Kettle GS within Stephens Lake makes it difficult 

to determine whether this low downstream density is contributed to by sampling location and/or a 

paucity of invertebrates originating from Stephens Lake and drifting through the Kettle GS. 

Drifting invertebrate density in 2004 and 2005 was typically higher (approximately three to ten times) in 

traps located near rapids in the lower Nelson River (i.e., downstream of the Limestone GS) in comparison 

to traps located in either the Limestone reservoir or tailrace area (Capar and Gill 2008, Gill and Chambers 

2008). In 2004, drift traps located downstream of the Limestone GS at the downstream extent of the 

tailrace were marginally more productive in terms of mean drifting invertebrate density than those traps 

within the upstream reservoir; however, drift density was approximately half that observed downstream 

of the Kettle GS. Mayflies, followed by chironomids and caddisflies dominated the Limestone tailrace 

catch. Amphipods either dominated the catch in the upstream reservoir or were of similar drift density as 

mayflies; amphipods generally occur in greater numbers within slower-moving water of impounded areas 

in comparison to mainstem sites (NSC 2012). 

4.5.4.2.4 Access Road Stream Crossings 

Loss of aquatic macroinvertebrates due to the placement of the culvert and alteration due to the 

placement of riprap in the smaller streams will continue through the operating period. No incremental 

effects related to sediment inputs from erosion are expected due to the application of erosion control 

measures. No effects to aquatic macroinvertebrates in Looking Back Creek are expected. 

4.5.4.2.5 Net Effects of Operation with Mitigation 

The impoundment of the Nelson River at Gull Rapids will produce large changes in the aquatic 

macroinvertebrate community, both within the reservoir and the Nelson River immediately downstream 

of the GS. A large increase in the abundance of sediment-dwelling macroinvertebrates is expected in the 

reservoir in the long-term in response to the increased availability of aquatic habitat (creation of flooded 

areas and expansion of deep-water habitat as water levels increase). As aquatic vascular plants are not 
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expected to begin to develop in the downstream portion of the reservoir until between 5 and 15 years 

after impoundment, plant-dwelling macroinvertebrates would be mostly absent from the reservoir during 

this time. Overall, there will be a reduction in the abundance of plant-dwelling macroinvertebrates in the 

reservoir, the extent of which will depend on the mode of operation of the GS. 

The increase in benthic invertebrate abundance may be accompanied by a change in the community 

composition in the lower portions of the reservoir from that typical of riverine aquatic habitat to one 

more characteristic of slower-flowing water (i.e., resembling portions of Stephens Lake). Flooding and 

peatland erosion/disintegration are expected to cause decreases in DO concentrations in localized areas 

(i.e., in a small portion of the shallow, flooded bays of the reservoir characterized as having poor mixing 

and long water residence times) during the open water and ice-cover seasons. The effects are expected to 

be moderate-term in duration (i.e., the first 10–15 years post-impoundment), but in highly isolated 

shallow areas where organic substrates persist and/or where floating peat islands are present, the duration 

of effects may be long-term (i.e., longer than 25 years). Greater effects to DO in the reservoir will occur 

in winter, where a larger area will be affected, the magnitude of DO depletion will be greatest, and the 

duration of the effects would be longest. In winter, the area over which the most stringent PAL water 

quality objectives would be met in the reservoir is estimated as 62–69 km2 (approximately 66–74% of the 

total reservoir area), depending on the mode of operation. Anoxic and hypoxic conditions are expected 

to develop in shallow areas over flooded terrestrial habitat with limited mixing with the mainstem during 

the ice-cover season. The low DO conditions are expected to limit invertebrate colonization to a few 

resilient groups (e.g., chironomids) in the localized affected areas. 

The reduction in fast water (high velocity) and hard substrate at rapids due to flooding, dewatering, 

and/or footprint of the GS, and conversion of tributary habitat to bays will result in a reduction in the 

abundance of macroinvertebrates favouring this type of aquatic habitat and likely contribute to a 

moderate, long-term decline in the production of drifting invertebrates (predominantly larval insects) 

from within Birthday and Gull rapids, and tributaries. 

Access road stream crossings will result in the small loss of benthic invertebrates in the immediate 

footprint of the access road and culvert(s). 

4.5.4.3 Residual Effects 

4.5.4.3.1 Construction Period 

The residual effects of construction on macroinvertebrates include losses in Gull Rapids where 

cofferdams are constructed and a potential reduction in drift downstream into Stephens Lake. This effect 

would be permanent. 

4.5.4.3.2 Operation Period 

The residual effects of operation on aquatic macroinvertebrates are: 

 An overall increase in the total amount of benthic macroinvertebrates in the reservoir due to the 

doubling of aquatic habitat; 

 A reduction in the amount of plant-dwelling macroinvertebrates; and 
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 A reduction in the amount of macroinvertebrates that inhabit rapids and a reduction in 

macroinvertebrate drift below the GS. 

4.5.4.3.3 Summary of Residual Effects 

The effects of the construction and operation of the Project on aquatic macroinvertebrates are expected 

to be moderate to large and long-term, and to occur over a small to medium geographic extent in the 

reservoir, at the GS site, and immediately downstream in Stephens Lake. Predicted changes involve both 

increases and decreases in macroinvertebrate abundance, depending on the specific area. Expected 

residual effects to the aquatic macroinvertebrate community in terms of distribution and/or abundance 

were assessed and are presented in Table 4-36A and Table 4-36B for the construction and operating 

periods, respectively. 

The technical aquatic macroinvertebrate assessment is based on models, scientific literature and 

information collected from a proxy reservoir (i.e., Stephens Lake,) and the overall certainty associated 

with the predictions is moderate to high. Overall, there is high certainty regarding the nature and 

direction of effects and the magnitude of effects predicted for the increase in availability of aquatic 

habitat for benthic macroinvertebrates (benthos) and reduction in aquatic habitat that produces drifting 

macroinvertebrates. Certainty regarding the magnitude of effects predicted for the colonization of 

flooded areas by both benthos and those macroinvertebrates that inhabit plant beds is moderate.  

4.5.4.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Response to EIS Guidelines, Environmental Monitoring Plans have 

been developed as part of the Environmental Protection Program for the Project. A comprehensive 

AEMP will be developed that specifically outlines monitoring to measure the effects of the Project on the 

aquatic environment, and discusses how results will be used as a basis for adaptive management. The 

AEMP will include monitoring of the aquatic macroinvertebrate community to verify the results of the 

aquatic macroinvertebrate assessment. 

Aquatic macroinvertebrate community variables are not considered VECs from an environmental 

assessment perspective; however, as supporting variables for other AEMP components, benthic 

invertebrate community variables do provide important measurement endpoints indicating potential 

change within or outside the range of natural variability that may be attributed to the operation of the 

Project. Additionally, benthic invertebrates are commonly used as sentinels of environmental change 

because they are sedentary, respond relatively rapidly to environmental change, and are important 

components of the aquatic ecosystem. 

The benthic invertebrate monitoring program would address environmental changes as a result of both 

the construction and operation phases of the Project. Construction monitoring would specifically address 

the biological effects of predicted increases in TSS as a result of instream work on the Nelson River, and 

would be designed to complement the water quality AEMP. Monitoring activities for the operation phase 

would focus on evaluating specific Project-related effects (SEM) identified in the EIS at selected 

representative sites to determine whether conclusions drawn in the EIS are valid (e.g., a large increase in 

the abundance of aquatic macroinvertebrates is expected in the reservoir in the long term in response to 
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the increased availability of aquatic habitat [creation of flooded areas and expansion of deep-water habitat 

as water levels increase]. The increase in benthic invertebrate abundance may be accompanied by a 

change in the community composition in the lower portions of the reservoir from that typical of riverine 

aquatic habitat to one more characteristic of slower-flowing water [i.e., resembling portions of Stephens 

Lake]. In the relatively long term [i.e., 10–15 years post-impoundment], DO depletion in bays within the 

shallow, flooded areas, and potentially longer [i.e., greater than 30 years] in highly isolated areas where 

organic substrates persist, is expected to limit invertebrate colonization to a few resilient groups [e.g., 

chironomids]). Aquatic macroinvertebrate community monitoring would be conducted annually during 

instream construction and for the first three years of operation; monitoring would then be conducted 

every three to five years for the first 20–30 years of operation, depending on results obtained. 

Reports detailing the outcomes of monitoring programs will be prepared and submitted to MCWS and 

DFO, in compliance with the Environment Act and the Fisheries Act, respectively. 
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Table 4-1: Summary of phytoplankton biomass (mg/m3) by area and year for the 

Aquatic Environment Study Area: 1999–2002 open water seasons 

Site Year Mean (±SE)1 Range n2 

Split Lake Area 

Split and Clark Lakes 

All sites 2001 499  (± 130) 57–2506 24 

All sites 2002 852  (± 149) 199–3454 28 

All sites 2001–2002 689  (± 102) 57–3457 52 

Assean Lake 

All sites 2001 111  (± 38) 27–311 8 

All sites 2002 355  (± 50) 130–572 8 

All sites 2001–2002 233  (± 44) 27–572 16 

Keeyask Area 

All sites 19993 970  (± 98) 822–1154 3 

All sites 2001 235  (± 27) 128–423 12 

All sites 2002 722  (± 212) 212–1482 6 

All sites 2001–2002 479  (± 89) 128–1482 21 

Stephens Lake Area 

All sites 2001 256  (± 38) 157–448 8 

All sites 2002 851  (± 250) 119–1910 8 

All sites 2001–2002 553  (± 144) 119–1910 16 

1. SE = standard error. 
2. Number of samples collected per year. 
3. Sites were only visited once (October) in 1999. 
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Table 4-2: Summary of chlorophyll a concentration (µg/L) by reach and year and 

trophic status based on chlorophyll a concentration for the Aquatic 

Environment Study Area: 1999–2004 open water seasons 

Site Year Mean (± SE)1 Range n2 Trophic Status Application 

Split Lake Area 

Burntwood River at Split Lake 

SPL1 2001–2004 4  (± 0.3) <1–5 16 oligotrophic stream3 

Nelson River between Kelsey GS and Split Lake 

All sites 2001 9  (± 2.0) 4–13 4 

oligotrophic stream 

All sites 2002 6  (± 0.6) 5–8 4 

All sites 2003 4  (± 1.1) <1–6 4 

All sites 2004 5  (± 0.6) 2–9 16 

All sites 2001–2004 6  (± 0.5) <1–13 28 

Split and Clark Lakes 

All sites 2001 7  (± 0.7) 2–15 28 

mesotrophic lake4 

All sites 2002 5  (± 0.3) 1–8 32 

All sites 2003 5  (± 0.5) <1–14 32 

All sites 2004 5  (± 0.4) 2–8 15 

All sites 2001–2004 6  (± 0.3) <1–15 107 

Aiken River 

AK1 2002–2003 5  (± 1.2) <1–10 8 oligotrophic stream 

Assean Lake 

All sites 2001 3  (± 0.5) 2–6 8 

oligotrophic-mesotrophic lake 
All sites 2002 3  (± 0.4) 1–4 8 

All sites 2003 3  (± 0.3) 2–4 8 

All sites 2001–2003 3  (± 0.2) 1–6 24 

Keeyask Area 

Gull Lake 

All sites 19995 2  (± 0) 2–2 2 

mesotrophic lake 

All sites 2001 7  (± 1.0) 4–10 8 

All sites 2002 5  (± 0.4) 4–7 8 

All sites 2003 5  (± 0.6) 3–8 8 

All sites 1999–2003 6  (± 0.5) 2–10 26 

Nelson River 

All sites 19995 12 - 1 

oligotrophic stream All sites 2001 7  (± 1.1) 2–12 8 

All sites 2002 6  (± 0.4) 4–8 8 
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Table 4-2: Summary of chlorophyll a concentration (µg/L) by reach and year and 

trophic status based on chlorophyll a concentration for the Aquatic 

Environment Study Area: 1999–2004 open water seasons 

Site Year Mean (± SE)1 Range n2 Trophic Status Application 

Nelson River (Continued) 

All sites 2003 4  (± 0.4) 2–8 16 

Oligotrophic stream All sites 2004 6  (± 0.4) 3–8 16 

All sites 1999–2004 5  (± 0.3) 1–12 49 

Two Goose Creek 

TRIB1 2003–2004 1  (± 0.4) <1–4 8 oligotrophic stream 

Portage Creek 

TRIB2 2003–2004 2  (± 0.5) 1–5 8 oligotrophic stream 

Rabbit Creek 

TRIB3 2003–2004 2  (± 0.4) <1–4 8 oligotrophic stream 

Stephens Lake Area 

All sites 2001 8  (± 0.9) 4–12 8 

mesotrophic lake 

All sites 2002 6  (± 1.1) 2–16 12 

All sites 2003 5  (± 0.5) 2–10 20 

All sites 2004 5  (± 0.4) 1–8 24 

All sites 2001–2004 5  (± 0.3) 1–16 64 

1. SE = standard error. 
2. Number of samples collected per year. 
3. Oligotrophic (<10 ug/L), mesotrophic (10-30), eutrophic (>30) (Dodds et al. 1998). 
4. Oligotrophic (<2.5 ug/L). mesotrophic (2.5-8), eutrophic (8-25), hyper-eutrophic (>25) (OECD 1982) 
 ultra-oligotrophic (0.01-0.5), oligotrophic (0.3-3). mesotrophic (2-15), eutrophic (10-500) (Wetzel 1983) 
 oligotrophic (<3.5 ug/L). mesotrophic (3.5-9), eutrophic (9.1-25), hyper-eutrophic (>25) (Nurnberg 1996). 
5. Sites were only visited once (October) in 1999. 
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Table 4-3: Summary of chlorophyll a (µg/L) by reach and year and trophic status 

based on chlorophyll a concentration for the Aquatic Environment Study 

Area: 2001–2004 under ice cover (March/April) 

Site Year Mean (± SE)1 Range n2 Trophic Status Application 

Split Lake Area 

Burntwood River at Split Lake 

SPL1 2001–2004 <1  (± 0.2) <1–1 3 oligotrophic stream3 

Split Lake 

All sites 2001 <1  (± 0.1) <1–1 6 

oligotrophic lake4 
All sites 2002 1  (± 0.2) <1–2 6 

All sites 2004 1.3  (± 0.8) <1–2 2 

All sites 2001–2004 <1 <1–2 14 

Assean Lake 

All sites 2001 <1 (± 0) <1–<1 2 

oligotrophic lake All sites 2002 1.5  (± 0.5) 1–2 2 

All sites 2001–2002 1 (± 0.4) <1–2 4 

Keeyask Area 

Gull Lake 

All sites 2002 1 - 1 

oligotrophic lake 
All sites 2003 1.3 (± 0.8) <1–2 2 

All sites 2004 2 - 1 

All sites 2002–2004 1 (± 0.4) <1–2 4 

Nelson River 

All sites 2001 <1 - 1 

oligotrophic stream 
All sites 2003 9.3 (± 8.8) - 2 

All sites 2004 2 - 1 

All sites 2001–2004 5.3 (± 4.3) <1–18 4 

Stephens Lake Area 

All sites 2001 2 - 1 

oligotrophic-

mesotrophic 
lake 

All sites 2002 1  (± 0) - 2 

All sites 2003 2  (± 2.0) 1–6 3 

All sites 2001–2004 2  (± 0.7) 1–6 7 

1. SE = standard error. 

2. Number of samples collected per year. 
3. Oligotrophic (<10 ug/L), mesotrophic (10-30), eutrophic (>30) (Dodds et al. 1998). 

4. Oligotrophic (<2.5 ug/L). mesotrophic (2.5-8), eutrophic (8-25), hyper-eutrophic (>25) (OECD 1982) 
 ultra-oligotrophic (0.01-0.5), oligotrophic (0.3-3). mesotrophic (2-15), eutrophic (10-500) (Wetzel 1983) 
 oligotrophic (<3.5 ug/L). mesotrophic (3.5-9), eutrophic (9.1-25), hyper-eutrophic (>25) (Nurnberg 1996). 
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Table 4-4: Summary of chlorophyll a concentrations (µg/L) and trophic status based 

on chlorophyll a concentration at potential stream crossing sites for the 

Aquatic Environment Study Area: 2003–2005 open water seasons 

Site Year Mean (± SE)1 Range n2 Trophic Status Application 

North-Side 

SC1 2003–2005 4  (± 1.7) <1–16 9 oligotrophic stream3 

SC2 2003–2005 4  (± 1.3) <1–12 9 oligotrophic stream 

‘SC3’ (near Pond 13) 2003–2004 2  (± 0.4) <1–4 8 oligotrophic stream 

South-Side 

SC3 (previously SC4) 2003–2004 2  (± 0.6) <1–5 8 oligotrophic stream 

‘SC1 (May)’ 2005 3 - 1 oligotrophic stream 

‘SC2 (May)’ 2005 1 - 1 oligotrophic stream 

‘SC3 (May)’ 2005 2 - 1 oligotrophic stream 

SC5 (previously SC6-May) 2005 2 - 1 oligotrophic stream 

1. SE = standard error. 

2. Number of samples collected per year. 
2. Oligotrophic (<10 ug/L), mesotrophic (10-30), eutrophic (>30) (Dodds et al. 1998). 
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Table 4-5A: Residual effects on the phytoplankton community: construction period 

Environmental Effect Mitigation Residual Effect(s) 

Downstream of the Outlet of Clark Lake 

Phytoplankton biomass would be affected by changes in water 

quality (increases in concentration of TSS, nutrients, and 

metals) 

A number of measures will be implemented to 

minimize effects of construction activities on water 

quality 

Adverse, small magnitude, small to medium extent, 

and short-term duration decrease in phytoplankton 

biomass 

 

South Access Road Stream Crossings 

No effect 

N/A1 None 

1. N/A = not applicable. 
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Table 4-5B: Residual effects on the phytoplankton community: operation period 

Environmental Effect Mitigation Residual Effect(s) 

Upstream of Outlet of Clark Lake 

No effect 

Project design to avoid 

water level effects to 

Split Lake 

None 

Outlet of Clark Lake to Generating Station 

Phytoplankton biomass would be affected by changes in surface water quality (decrease 

in TSS and nutrients along mainstem; increase in TSS, nutrients, organic carbon, colour in 

off-current areas) and changes in water residence time (increase in water level and 

volume, reduction in water velocity) 

None Adverse (due to bloom potential), small to moderate 

magnitude, small extent, and long-term duration increase 

in phytoplankton biomass in reservoir bays with long 

residence times 

Downstream of Generating Station 

Phytoplankton biomass would be affected by change in inflowing water from the reservoir 

(decrease in TSS) and changes in upstream phytoplankton and zooplankton 

None Positive (due to existing low biomass), small magnitude, 

medium extent, and long-term 

North and South Access Road Stream Crossings 

No effect 

N/A1 None 

1. N/A = not applicable. 
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Table 4-6: Aquatic macrophyte taxa observed in the Aquatic Environment Study Area, 

1997–2006 

Scientific Name Common Name(s) Species Code 

Vascular Macrophytes 

Callitriche palustris 
vernal water-starwort 

common water-starwort 
CALL 

Carex spp. sedge CAREX 

Ceratophyllum demersum 
hornwort 

coon’s tail 
CER DEM 

Cicuta spp. water hemlock CICUTA 

Cyperaceae sedges CYP 

Elodea canadensis 
Canada waterweed 

Canada pondweed 
ELO CAN 

Eleocharis palustris 

common spikerush 

marsh spikerush 

creeping spikerush 

ELE PAL 

Equisetum fluviatile horsetail EQU FLU 

Galium spp. bedstraw GAL 

Hippuris vulgaris common mare’s-tail HIP VUL 

Juncaceae rushes JUN 

Lemna trisulca star duckweed LEM TRI 

Limosella aquatica water mudwort LIM AQU 

Myriophyllum sibiricum 

shortspike watermilfoil 

northern watermilfoil 

common watermilfoil 

MYR SIB 

Nasturtium spp. 
yellowcress 

watercress 
NAST 

Nuphar spp. pond lily NUPH 

Poaceae true grasses POA 

Polygonum amphibium 
water knotweed 

water smartweed 
POL AMP 

Polygonum persicaria 

spotted ladysthumb 

lady’s thumb 

ladysthumb smartweed 

POL PER 

Potamogeton friesii Fries’ pondweed POT FRI 

Potamogeton gramineus variableleaf pondweed POT GRA 

Potamogeton praelongus whitestem pondweed POT PRA 
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Table 4-6: Aquatic macrophyte taxa observed in the Aquatic Environment Study Area, 

1997–2006 

Scientific Name Common Name(s) Species Code 

Potamogeton richardsonii 
Richardson’s pondweed 

clasping-leaved pondweed 
POT RIC 

Potamogeton zosteriformis 

flatstem pondweed 

flat-stemmed pondweed 

eel-grass pondweed 

POT ZOS 

Ranunculus aquatilis 
white water-crowfoot 

common water-crowfoot 
RAN AQU 

Sagittaria cuneata 
arumleaf arrowhead 

wapato 
SAG CUN 

Scirpus spp. bulrush SCIRP 

Sparganium spp. bur-reed SPARG 

Stukenia filiformis fineleaf pondweed STU FIL 

Stukenia pectinata 
sago pondweed 

broadleaf pondweed 
STU PEC 

Stukenia vaginata 
big-sheath pondweed 

sheathed pondweed 
STU VAG 

Typha spp. cattail TYPHA 

Utricularia vulgaris 
common bladderwort 

greater bladderwort 
UTR VUL 

Zannichellia palustris horned pondweed ZAN PAL 

Non-Vascular Macrophytes 

Aquatic Moss  MOSS 

Chara spp. 
muskgrass 

stonewort 
CHARA 

Cyanophycota 
blue-green algae 

cyanophytes 
CYAN 

Filamentous Green Algae FGA FGA 

Sphagnum spp. aquatic moss SPHAG 
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Table 4-7: Areas (in hectares [ha]) and percentages of aquatic macrophyte coverage per reach at selected locations in 

Clark Lake and the Keeyask area, 2001 

Reach Location 
Area (ha) Covered 

by Macrophytes 

Percentage of 

Total 

Macrophytes 

Percentage of 

Geographic 

Zone 

Total Area (ha) 

of Geographic 

Zone 1 

Species Observed 2 

1 Clark Lake 5.8 1.5 0.5 1154.1 NR 

2A Nelson River - D/S of Clark Lake 1.3 0.3 0.6 200.1 NR 

2B Nelson River - U/S of Fork Creek 0.0 0.0 0.0 198.2 NP 

3 Nelson River - U/S of Birthday Rapids 0.9 0.3 0.4 268.5 NR 

4 Nelson River - D/S of Birthday Rapids 1.0 0.3 0.3 307.0 CAREX; NUPH; POT 

5 Nelson River - Poplar Bay to Kahpowinic Bay 2.6 0.7 0.3 750.4 
ELEPAL; POLPER; 

POT; STUK 

5 Pahwaybanic Bay 29.1 7.7 37.9 76.7 Refer to Table 4-12 

Total 5  31.7 8.4 3.8 827.1 - 

6 
Nelson River - Kahpowinic Bay to John Garson 

Bay (Gull Lake) 
128.1 34.1 6.3 2038.8 

ELEPAL; NUPH; 

POLPER; POT; 

POTGRA; STUVAG 

6 Kahpowinic Bay 13.6 3.6 22.4 61.0 Refer to Table 4-12 

6 Small Bay East of Rabbit Creek 11.7 3.1 45.0 25.9 STUVAG 

6 John Garson Bay 59.3 15.8 54.5 108.8 Refer to Table 4-12 

Total 6  212.7 56.6 9.5 2234.6 - 

7 Nelson River - Gull Lake 18.2 4.8 2.6 709.3 

ELEPAL; LEMTRI; 

POLPER; POT; 

POTRIC; STUVAG 

7 Tub Bay 6.9 1.8 34.0 20.4 Refer to Table 4-12 

7-8 John Kitch Bay 4.2 1.1 3.0 139.3 NR 

8 Nelson River - Gull Lake 62.6 16.6 11.0 568.3 POTRIC; STUVAG 

8 North of Caribou Island (Gull Lake) 29.6 7.9 43.8 67.6 Refer to Table 4-12 
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Table 4-7: Areas (in hectares [ha]) and percentages of aquatic macrophyte coverage per reach at selected locations in 

Clark Lake and the Keeyask area, 2001 

Reach Location 
Area (ha) Covered 

by Macrophytes 

Percentage of 

Total 

Macrophytes 

Percentage of 

Geographic 

Zone 

Total Area (ha) 

of Geographic 

Zone 1 

Species Observed 2 

Total 7, 8  121.6 32.3 8.1 1504.8 - 

9 Nelson River - Gull Rapids 0.1 0.0 0.0 486.4 POT 

10 Mouth of Pond 13 NS NS NS 2.1 NS 

11 Nelson River - D/S of Gull Rapids 0.9 0.2 0.2 564.1 POT 

Total Area  376.1 100.0 4.9 7747.0 - 

1. Area is based on the 95th flow percentile shoreline. 
2. Species observed during surveys; codes as per Table 4-6; species listed in alphabetical order 

 NS - Aquatic macrophytes not surveyed in this area during study year 
 NP - Aquatic macrophytes not present in this area during study year 
 NR - Species information not recorded in this area during study year. 
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Table 4-8: Composition (%) and estimate of relative density of aquatic macrophyte species per selected locations in 

Clark Lake and the Keeyask area, 2003 

Reach 1 5 6 6 6 7 7-8 8 

Location Clark Lake 
Pahwaybanic 

Bay 

Kahpowinic 

Bay 

Small Bay East 

of Rabbit Creek 

John Garson 

Bay 
Tub Bay 

John Kitch 

Bay 

North of 

Caribou 

Island 

Species % RD1 % RD % RD % RD % RD % RD % RD % RD 

Vascular Macrophytes 

Callitriche palustris 31.5 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Carex spp. 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Ceratophyllum demersum 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Cicuta sp. 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Eleocharis palustris 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Equisetum fluviatile 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Hippuris vulgaris 0.0 0 0.0 0 0.0 0 0.0 0 0.0 P 0.0 0 0.0 0 0.0 0 

Lemna trisulca 0.0 0 3.7 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Myriophyllum sibiricum 0.0 0 0.0 0 0.0 0 0.0 0 0.0 P 0.8 1 0.0 P 0.0 1 

Poaceae 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Polygonum amphibium 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Potamogeton friesii 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Potamogeton gramineus 0.0 0 0.0 0 24.5 1 15.8 1 4.9 1 12.8 1 0.0 P 2.7 1 

Potamogeton praelongus 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Potamogeton richardsonii 55.3 1 7.4 1 0.0 P 4.7 1 90.1 2 5.8 1 2.1 1 4.7 1 

Potamogeton zosteriformis 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Potamogeton spp. 4.6 1 0.0 0 3.3 1 0.0 0 0.0 0 7.5 1 6.6 1 0.8 1 

Sagittaria cuneata 0.0 0 17.9 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Scirpus sp. 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 
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Table 4-8: Composition (%) and estimate of relative density of aquatic macrophyte species per selected locations in 

Clark Lake and the Keeyask area, 2003 

Reach 1 5 6 6 6 7 7-8 8 

Location Clark Lake 
Pahwaybanic 

Bay 

Kahpowinic 

Bay 

Small Bay East 

of Rabbit Creek 

John Garson 

Bay 
Tub Bay 

John Kitch 

Bay 

North of 

Caribou 

Island 

Species % RD1 % RD % RD % RD % RD % RD % RD % RD 

Sparganium sp. 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Stuckenia pectinatus 0.7 1 0.0 0 60.4 1 0.0 0 0.0 0 1.1 1 2.2 1 6.5 1 

Stuckenia vaginatus 7.8 1 70.4 1 0.0 0 79.3 3 5.0 1 59.7 1 74.1 1 55.2 1 

Stuckenia sp. 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Utricularis vulgaris 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Non-Vascular Macrophytes 

aquatic moss 0.0 0 0.0 0 9.4 1 0.1 1 0.0 0 0.0 0 14.9 1 30.1 1 

Chara spp. 0.0 0 0.6 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Cyanophycota 0.0 0 0.0 0 2.4 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

filamentous algae 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 11.5 1 0.0 0 0.0 0 

unidentified 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.8 1 0.0 0 0.0 0 

Overall Relative Density - 2 - 2 - 2 - 3 - 3 - 2 - 2 - 2 

Number of Vascular Taxa 5 - 4 - 4 - 3 - 5 - 6 - 6 - 6 - 

Number of Non-Vascular Taxa 0 - 1 - 2 - 1 - 0 - 1 - 1 - 1 - 

P - presence of species noted during walking survey. 

1. RD = relative density; dry weight of species (g/m2) = 0, code = 0, definition = absent 
           g/m2 = 0-10, code = 1, definition = sparse 

           g/m2 = 10-30, code = 2, definition = low density 
           g/m2 = 30-60, code = 3, definition = medium density 
           g/m2 >60, code = 4, definition = high density. 
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Table 4-9: Composition (%) and estimate of relative density of aquatic macrophyte species per selected locations in 

Clark Lake and the Keeyask area, 2004 

Reach 1 5 6 6 6 7 7-8 8 

Location Clark Lake 
Pahwaybanic 

Bay 

Kahpowinic 

Bay 

Small Bay East 

of Rabbit Creek 

John Garson 

Bay 
Tub Bay John Kitch Bay 

North of 

Caribou Island 

Species % RD1 % RD % RD % RD % RD % RD % RD % RD 

Vascular Macrophytes 

Callitriche palustris 0.0 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Carex spp. 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Ceratophyllum demersum 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Cicuta sp. 0.2 1 0.0 0 1.3 1 0.0 0 3.3 1 0.0 0 0.0 0 0.0 0 

Eleocharis palustris 60.9 2 35.2 2 52.0 2 0.4 1 91.2 2 4.0 1 0.1 1 0.0 0 

Equisetum fluviatile 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Hippuris vulgaris 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Lemna trisulca 0.0 1 0.4 1 2.2 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Myriophyllum sibiricum 0.2 1 27.3 2 3.3 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Poaceae 0.4 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Polygonum amphibium 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Potamogeton friesii 0.0 0 0.0 0 34.3 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Potamogeton gramineus 0.0 0 0.1 1 0.7 1 42.3 1 0.0 0 0.2 1 0.0 0 0.0 0 

Potamogeton praelongus 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Potamogeton richardsonii 36.1 1 22.9 1 3.2 1 25.0 1 0.0 0 71.0 2 22.0 1 17.5 1 

Potamogeton zosteriformis 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Potamogeton spp. 0.0 1 0.3 1 0.0 0 0.0 0 0.3 1 0.0 0 0.0 0 0.0 0 

Sagittaria cuneata 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Scirpus sp. 0.0 0 3.4 1 2.6 1 0.0 0 2.9 1 0.0 0 0.0 0 0.0 0 

Sparganium sp. 1.9 1 2.3 1 0.0 0 2.4 1 2.2 1 0.9 1 0.0 0 0.0 0 
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Table 4-9: Composition (%) and estimate of relative density of aquatic macrophyte species per selected locations in 

Clark Lake and the Keeyask area, 2004 

Reach 1 5 6 6 6 7 7-8 8 

Location Clark Lake 
Pahwaybanic 

Bay 

Kahpowinic 

Bay 

Small Bay East 

of Rabbit Creek 

John Garson 

Bay 
Tub Bay John Kitch Bay 

North of 

Caribou Island 

Species % RD1 % RD % RD % RD % RD % RD % RD % RD 

Stuckenia pectinatus 0.2 1 3.3 1 0.3 1 23.1 1 0.0 0 7.9 1 0.0 0 5.7 1 

Stuckenia vaginatus 0.0 0 0.0 0 0.0 0 3.0 1 0.0 0 15.2 1 53.6 1 47.0 2 

Stuckenia sp. 0.0 0 0.0 0 0.0 0 3.8 1 0.1 1 0.0 0 0.0 1 2.8 1 

Utricularis vulgaris 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Non-Vascular Macrophytes 

aquatic moss 0.0 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Chara spp. 0.0 0 4.2 1 0.1 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 

Cyanophycota 0.0 1 0.0 1 0.0 1 0.0 1 0.0 0 0.0 0 0.2 1 0.0 0 

filamentous algae 0.0 0 0.6 1 0.0 0 0.0 0 0.0 0 0.7 1 0.9 1 26.9 1 

unidentified 0.0 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 23.1 1 0.0 0 

Overall Relative Density - 2 - 3 - 2 - 1 - 3 - 2 - 1 - 2 

Number of Vascular Taxa 10 - 9 - 9 - 7 - 6 - 6 - 4 - 4 - 

Number of Non-Vascular Taxa 2 - 2 - 2 - 1 - 0 - 1 - 2 - 1 - 

1. RD = relative density; dry weight of species (g/m2) = 0, code = 0, definition = absent 
           g/m2 = 0-10, code = 1, definition = sparse 

           g/m2 = 10-30, code = 2, definition = low density 
           g/m2 = 30-60, code = 3, definition = medium density 
           g/m2 >60, code = 4, definition = high density. 
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Table 4-10: Areas (in hectares [ha]) and percentages of aquatic macrophyte coverage per reach at selected locations in 

Clark Lake and the Keeyask area, 2006 

Reach Location 

Area (ha) 

Covered by 

Macrophytes 

Percentage of 

Total 

Macrophytes 

Percentage 

of 

Geographic 

Zone 

Total Area 

(ha) of 

Geographic 

Zone 1 

Species Observed 2 

1 Clark Lake NS NS NS 1154.1 NS 

2A Nelson River - D/S of Clark Lake NS NS NS 200.1 NS 

2B Nelson River - U/S of Fork Creek NS NS NS 198.2 NS 

3 Nelson River - U/S of Birthday Rapids NS NS NS 268.5 NS 

4 Nelson River - D/S of Birthday Rapids 1.1 0.7 0.3 307.0 ELE; POTGRA; POTRIC 

5 Nelson River - Poplar Bay to Kahpowinic Bay 8.2 5.1 1.1 750.4 MYRSIB; POTGRA; POTRIC; STU 

5 Pahwaybanic Bay 9.6 6.0 12.5 76.7 ELE; MYRSIB; POLAMP; POTGRA; STU 

Total 5  17.8 11.1 2.2 827.1 - 

6 
Nelson River - Kahpowinic Bay to John 

Garson Bay (Gull Lake) 
27.8 17.3 1.4 2038.8 

ELE; MYRSIB; POLAMP; POTGRA; 

POTRIC 

6 Kahpowinic Bay 42.3 26.3 69.3 61.0 
ELE; POLAMP; POTGRA; POTRIC; SAG; 

STU 

6 Small Bay East of Rabbit Creek 5.8 3.6 22.2 25.9 ELE; POTGRA 

6 John Garson Bay 22.5 14.0 20.7 108.8 ELE; POLAMP; POTGRA; POTRIC; STU 

Total 6  98.4 61.3 4.4 2234.6 - 

7 Nelson River - Gull Lake 6.6 4.1 0.9 709.3 
ELE; MYRSIB; POLAMP; POTGRA; 

POTRIC 
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Table 4-10: Areas (in hectares [ha]) and percentages of aquatic macrophyte coverage per reach at selected locations in 

Clark Lake and the Keeyask area, 2006 

Reach Location 

Area (ha) 

Covered by 

Macrophytes 

Percentage of 

Total 

Macrophytes 

Percentage 

of 

Geographic 

Zone 

Total Area 

(ha) of 

Geographic 

Zone 1 

Species Observed 2 

7 Tub Bay 0.0 0.0 0.0 20.4 - 

7-8 John Kitch Bay 11.6 7.2 8.3 139.3 ELE; POTGRA; POTRIC; STU 

8 Nelson River - Gull Lake 23.3 14.5 4.1 568.3 
ELE; MYRSIB; POLAMP; POTGRA; 

POTRIC; STU 

8 North of Caribou Island (Gull Lake) 1.0 0.6 1.5 67.6 ELE; POTGRA; FGA 

Total 7, 8  42.5 26.5 2.8 1504.8 - 

9 Nelson River - Gull Rapids 0.4 0.2 0.1 486.4 MYRSIB; STU 

10 Mouth of Pond 13 0.04 0.02 0.01 2.1 
MYRSIB; POLAMP; RANAQU; SPARG; 

STU 

11 Nelson River - D/S of Gull Rapids 0.4 0.2 0.1 564.1 MYRSIB; RANAQU; STU 

Total 

Area 
 160.6 100.0 2.1 7747.0 - 

1. Area is based on the 95th flow percentile shoreline. 

2. Species observed during surveys; codes as per Table 4-6; species listed in alphabetical order. 
 NS - Aquatic macrophytes not surveyed in this area during study year. 
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Table 4-11: Areas (in hectares [ha]) and percentages of aquatic macrophyte coverage per reach at selected locations in 

Clark Lake and the Keeyask area, 2003 

Reach Location 

Area (ha) 

Covered by 

Macrophytes 

Percentage of 

Total 

Macrophytes 

Percentage of 

Geographic 

Zone 

Total Area (ha) 

of Geographic 

Zone 1 

Species Observed 2 

1 Clark Lake NS NS NS 1154.1 Refer to Table 4-8 

2A Nelson River - D/S of Clark Lake NS NS NS 200.1 NS 

2B Nelson River - U/S of Fork Creek NS NS NS 198.2 NS 

3 Nelson River - U/S of Birthday Rapids NS NS NS 268.5 NS 

4 Nelson River - D/S of Birthday Rapids NS NS NS 307.0 NS 

5 Nelson River - Poplar Bay to Kahpowinic Bay 3.1 1.1 0.4 750.4 
MYRSIB; POTRIC; 

STUPEC 

5 Pahwaybanic Bay NS NS NS 76.7 Refer to Table 4-8 

Total 5  3.1 1.1 0.4 827.1 - 

6 
Nelson River - Kahpowinic Bay to John Garson 

Bay (Gull Lake) 
34.4 12.2 1.7 2038.8 

HIPVUL; MYRSIB; 

POTRIC; POT; 

STUPEC 

6 Kahpowinic Bay 1.7 0.6 2.8 61.0 Refer to Table 4-8 

6 Small Bay East of Rabbit Creek 2.7 1.0 10.5 25.9 Refer to Table 4-8 

6 John Garson Bay 55.9 19.8 51.3 108.8 Refer to Table 4-8 

Total 6  94.6 33.5 4.2 2234.6 - 

7 Nelson River - Gull Lake 0.4 0.2 0.1 709.3 POTRIC 

7 Tub Bay 12.8 4.5 62.5 20.4 Refer to Table 4-8 

7-8 John Kitch Bay 100.6 35.6 72.2 139.3 Refer to Table 4-8 

8 Nelson River - Gull Lake 27.0 9.6 4.8 568.3 
HIPVUL; MYRSIB; 

POTRIC; POT 

8 North of Caribou Island (Gull Lake) 44.2 15.6 65.4 67.6 Refer to Table 4-8 

Total 7, 8  185.0 65.4 12.3 1504.8 - 
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Table 4-11: Areas (in hectares [ha]) and percentages of aquatic macrophyte coverage per reach at selected locations in 

Clark Lake and the Keeyask area, 2003 

Reach Location 

Area (ha) 

Covered by 

Macrophytes 

Percentage of 

Total 

Macrophytes 

Percentage of 

Geographic 

Zone 

Total Area (ha) 

of Geographic 

Zone 1 

Species Observed 2 

9 Nelson River - Gull Rapids NS NS NS 486.4 NS 

10 Mouth of Pond 13 NS NS NS 2.1 NS 

11 Nelson River - D/S of Gull Rapids NS NS NS 564.1 NS 

Total 

Area 
 282.7 100.0 3.6 7747.0 - 

1. Area is based on the 95th flow percentile shoreline 

2. Species observed during surveys; codes as per Table 4-6; species listed in alphabetical order 
 NS - Aquatic macrophytes not surveyed in this area during study year 
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Table 4-12: Composition (%) and estimate of relative density of aquatic macrophyte species per selected locations in 

Clark Lake and the Keeyask area, 2001 

Reach 1 5 6 6 6 7 7-8 8 

Location Clark Lake 
Pahwaybanic 

Bay 

Kahpowinic 

Bay 

Small Bay East 

of Rabbit Creek 

John Garson 

Bay 
Tub Bay John Kitch Bay 

North of 

Caribou Island 

Species % RD1 % RD % RD % RD % RD % RD % RD % RD 

Vascular Macrophytes 

Callitriche palustris NS NS 0.0 0 0.0 0 NS NS 0.0 0 0.0 0 NS NS 0.0 0 

Carex spp.   0.0 0 0.0 0   0.0 0 0.5 1   0.0 0 

Ceratophyllum demersum   0.0 0 0.0 1   0.0 0 0.0 0   0.0 0 

Cicuta sp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Eleocharis palustris   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Equisetum fluviatile   0.0 0 10.8 1   0.0 0 0.0 0   0.0 0 

Hippuris vulgaris   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Lemna trisulca   24.5 1 38.5 2   64.6 3 0.0 0   0.0 0 

Myriophyllum sibiricum   40.3 2 34.2 2   0.2 1 0.9 1   0.0 0 

Poaceae   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Polygonum amphibium   0.0 0 0.0 0   2.6 1 48.2 1   0.0 0 

Potamogeton friesii   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Potamogeton gramineus   0.0 0 0.0 0   1.7 1 0.0 0   0.0 0 

Potamogeton praelongus   0.0 0 0.0 0   0.0 0 0.0 0   16.2 1 

Potamogeton richardsonii   0.9 1 1.3 1   0.9 1 2.8 1   6.5 1 

Potamogeton zosteriformis   0.0 0 0.0 0   0.0 0 2.9 1   19.4 1 

Potamogeton spp.   5.1 1 9.1 1   23.5 2 31.3 1   37.8 1 

Sagittaria cuneata   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Scirpus sp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Sparganium sp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 
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Table 4-12: Composition (%) and estimate of relative density of aquatic macrophyte species per selected locations in 

Clark Lake and the Keeyask area, 2001 

Reach 1 5 6 6 6 7 7-8 8 

Location Clark Lake 
Pahwaybanic 

Bay 

Kahpowinic 

Bay 

Small Bay East 

of Rabbit Creek 

John Garson 

Bay 
Tub Bay John Kitch Bay 

North of 

Caribou Island 

Species % RD1 % RD % RD % RD % RD % RD % RD % RD 

Stuckenia pectinatus   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Stuckenia vaginatus   21.2 1 0.0 0   0.0 0 0.0 0   0.0 0 

Stuckenia sp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Utricularis vulgaris   0.2 1 0.0 0   0.1 1 0.0 0   0.0 0 

Non-Vascular Macrophytes 

aquatic moss   2.1 1 0.0 0   4.0 1 0.1 1   0.0 0 

Chara spp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Cyanophycota   4.1 1 4.7 1   0.1 1 11.3 1   3.3 1 

filamentous algae   0.0 0 1.1 1   0.0 0 0.0 0   15.6 1 

unidentified   1.5 1 0.4 1   2.3 1 0.7 1   1.1 1 

Overall Relative Density   - 3 - 3   - 3 - 2   - 2 

Number of Vascular Taxa   6 - 5 -   7 - 6 -   4 - 

Number of Non-Vascular Taxa   2 - 2 -   2 - 2 -   2 - 

NS - Aquatic macrophytes not surveyed in this area during study year. 
1. RD = relative density; dry weight of species (g/m2) = 0, code = 0, definition = absent 

           g/m2 = 0-10, code = 1, definition = sparse 
           g/m2 = 10-30, code = 2, definition = low density 
           g/m2 = 30-60, code = 3, definition = medium density 

           g/m2 >60, code = 4, definition = high density. 
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Table 4-13: Composition (%) and estimate of relative density of aquatic macrophyte species per selected locations in 

Clark Lake and the Keeyask area, 2002 

Reach 1 5 6 6 6 7 7-8 8 

Location Clark Lake 
Pahwaybanic 

Bay 

Kahpowinic 

Bay 

Small Bay East 

of Rabbit Creek 

John Garson 

Bay 
Tub Bay John Kitch Bay 

North of 

Caribou Island 

Species % RD1 % RD % RD % RD % RD % RD % RD % RD 

Vascular Macrophytes 

Callitriche palustris NS NS 0.0 0 0.0 0 NS NS 0.0 0 0.0 0 NS NS 0.0 0 

Carex spp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Ceratophyllum demersum   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Cicuta sp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Eleocharis palustris   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Equisetum fluviatile   0.0 0 0.4 1   0.0 0 0.0 0   0.0 0 

Hippuris vulgaris   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Lemna trisulca   18.9 2 53.5 2   0.1 1 2.2 1   0.0 0 

Myriophyllum sibiricum   52.9 3 3.3 1   0.0 0 0.0 0   0.0 0 

Poaceae   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Polygonum amphibium   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Potamogeton friesii   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Potamogeton gramineus   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Potamogeton praelongus   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Potamogeton richardsonii   1.0 1 32.1 2   77.5 3 49.2 2   9.4 1 

Potamogeton zosteriformis   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Potamogeton spp.   0.0 0 0.1 1   0.0 0 31.4 2   90.6 4 

Sagittaria cuneata   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Scirpus sp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Sparganium sp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 
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Table 4-13: Composition (%) and estimate of relative density of aquatic macrophyte species per selected locations in 

Clark Lake and the Keeyask area, 2002 

Reach 1 5 6 6 6 7 7-8 8 

Location Clark Lake 
Pahwaybanic 

Bay 

Kahpowinic 

Bay 

Small Bay East 

of Rabbit Creek 

John Garson 

Bay 
Tub Bay John Kitch Bay 

North of 

Caribou Island 

Species % RD1 % RD % RD % RD % RD % RD % RD % RD 

Stuckenia pectinatus   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Stuckenia vaginatus   24.6 2 6.7 1   21.7 2 17.1 1   0.0 0 

Stuckenia sp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Utricularis vulgaris   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Non-Vascular Macrophytes 

aquatic moss   0.0 0 0.2 1   0.6 1 0.0 0   0.0 0 

Chara spp.   0.0 0 0.0 0   0.0 0 0.0 0   0.0 0 

Cyanophycota   0.6 1 1.6 1   0.0 0 0.1 1   0.0 0 

filamentous algae   0.0 0 1.4 1   0.0 0 0.0 0   0.0 0 

unidentified   2.0 1 0.6 1   0.0 0 0.0 0   0.0 0 

Overall Relative Density   - 4 - 3   - 4 - 3   - 4 

Number of Vascular Taxa   4 - 6 -   3 - 4 -   2  

Number of Non-Vascular Taxa   1 - 3 -   1 - 1 -   0  

NS - Aquatic macrophytes not surveyed in this area during study year. 
1. RD = relative density; dry weight of species (g/m2) = 0, code = 0, definition = absent 

           g/m2 = 0-10, code = 1, definition = sparse 
           g/m2 = 10-30, code = 2, definition = low density 
           g/m2 = 30-60, code = 3, definition = medium density 

           g/m2 >60, code = 4, definition = high density. 
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Table 4-14: Mean drifting plant density and community composition information for large drift traps set in the Aquatic 

Environment Study Area in comparable sampling periods during the open-water season, 2003 and 2004 

Location of Drift Traps 
Upstream of 

Birthday Rapids 

Downstream of 

Birthday Rapids 

Upstream of Gull Rapids 

(at the downstream 

end of Gull Lake) 

Downstream of Gull Rapids 

(near the base of 

Gull Rapids) 

Downstream of 

the Kettle GS 

n1 20 20 20 16 16 

Mean Drift Density (mg dried weight/100 m3) 

Non-Vascular 7.554 45.737 9.198 13.433 3.457 

Vascular 2.761 10.520 24.372 12.715 1.140 

Total Plants 10.315 56.239 34.541 26.148 4.597 

Percent Composition (%) 

Non-Vascular 73.231 81.326 26.630 51.372 75.191 

Vascular 26.769 18.705 70.560 48.628 24.809 

1. Number of samples collected per area for 2003 and 2004 sampling periods combined. 
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Table 4-15: Composition (%) and estimate of relative density of aquatic macrophyte 

species per selected locations in Stephens Lake, 2005–2006 

Study Year 2005 2006 

Species % Relative Density1 % Relative Density 

Vascular Macrophytes 

Callitriche palustris 0.0 0 0.0 0 

Carex spp. 0.0 0 0.0 0 

Ceratophyllum demersum 0.0 0 0.0 0 

Cicuta sp. 0.0 0 0.0 0 

Eleocharis palustris 0.0 0 0.0 0 

Equisetum fluviatile 0.0 0 0.0 0 

Hippuris vulgaris 0.0 0 0.0 0 

Lemna trisulca 0.0 1 0.0 0 

Myriophyllum sibiricum 19.4 1 24.9 2 

Poaceae 0.0 P 0.0 P 

Polygonum amphibium 0.0 P 12.2 1 

Potamogeton friesii 0.0 0 0.0 0 

Potamogeton gramineus 4.3 1 0.0 P 

Potamogeton praelongus 0.0 0 0.0 0 

Potamogeton richardsonii 53.4 2 54.4 3 

Potamogeton zosteriformis 0.0 0 0.0 0 

Potamogeton spp. 0.0 0 0.0 0 

Sagittaria cuneata 0.0 0 0.0 0 

Scirpus sp. 0.0 0 0.0 0 

Sparganium sp. 0.0 0 0.0 0 

Stuckenia pectinatus 14.6 1 0.0 P 

Stuckenia vaginatus 0.0 P 8.6 1 

Stuckenia sp. 0.0 0 0.0 0 

Utricularis vulgaris 0.2 1 0.0 P 
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Table 4-15: Composition (%) and estimate of relative density of aquatic macrophyte 

species per selected locations in Stephens Lake, 2005–2006 

Study Year 2005 2006 

Species % Relative Density1 % Relative Density 

Non-Vascular Macrophytes 

aquatic moss 2.0 1 0.0 0 

Chara spp. 0.0 0 0.0 0 

Cyanophycota 0.0 1 0.0 0 

filamentous algae 0.0 0 0.0 0 

unidentified 6.1 1 0.0 0 

Overall Relative Density - 3 - 4 

Number of Vascular Taxa 9 - 8 - 

Number of Non-Vascular Taxa 3 - 0 - 

P - presence of species noted during walking survey. 
1. dry weight of species (g/m2) = 0, code = 0, definition = absent 

 g/m2 = 0-10, code = 1, definition = sparse 
 g/m2 = 10-30, code = 2, definition = low density 

 g/m2 = 30-60, code = 3, definition = medium density 
 g/m2 >60, code = 4, definition = high density. 
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Table 4-16: Occupied aquatic vascular plant habitat in the existing environment (EE) and at post-Project (PP) time steps 

under different generating station operating scenarios 

  

  
EE1 

Year 1 PP Year 5 PP Year 15 PP Year 30 PP 

Peaking Mode2 Base 

Loaded3 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded MOL4 FSL5 MOL FSL MOL FSL MOL FSL 

Total Occupied Area (ha) 207.3 0.1 2.4 2.4 0.1 2.4 2.4 10.0 37.6 37.6 48.9 187.8 187.8 

Loss(-)/Gain(+) of Occupied Area (ha) 0.0 -207.2 -204.9 -204.9 -207.2 -204.9 -204.9 -197.3 -169.7 -169.7 -158.4 -19.5 -19.5 

Percent of Occupied Area Relative to EE 

(%) 
100.0 0.1 1.1 1.1 0.1 1.1 1.1 4.8 18.1 18.1 23.6 90.6 90.6 

1. At the 95th percentile flow. 
2. Assumes weekly cycling. 
3. Assumes no cycling (i.e., Full Supply Level [FSL] with no intermittently exposed zone [IEZ]). 

4. Minimum Operating Level – no IEZ. 
5. Includes IEZ. 
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Table 4-17A: Residual effects on the aquatic macrophyte community: construction period 

Environmental Effect Mitigation Residual Effect(s) 

Downstream of the Outlet of Clark Lake 

Aquatic plant abundance would be affected by changes in water quality 

(increases in concentrations of TSS, nutrients, and metals) and changes in 

physical attributes of aquatic habitat (downstream sedimentation, loss of 

habitat in footprint of supporting infrastructure) 

A number of measures will be 

implemented to minimize effects of 

construction on water quality 

Adverse, moderate magnitude, small extent, and long-

term duration decrease in production of drifting non-

vascular plant (predominantly filamentous algae) 

biomass from Gull Rapids 

South Access Road Stream Crossings 

Aquatic plant cover would be affected by infilling of aquatic habitat at 

crossings 

 

A number of measures will be 

implemented to minimize effects of 

construction on water quality and 

aquatic habitat 

Adverse, large magnitude, small extent, and long-term 

loss of aquatic plants at culvert locations 
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Table 4-17B: Residual effects on the aquatic macrophyte community: operation period 

Environmental Effect Mitigation Residual Effect(s) 

Upstream of Outlet of Clark Lake 

No effect 

Project design to avoid water level 

effects to Split Lake 

None 

Outlet of Clark Lake to Generating Station 

Aquatic plant distribution and abundance would be affected by: flooding (loss of 

existing habitats, creation of new habitats); conversion of existing hard 

substrates to silt/clay due to sedimentation in Gull Lake; increase in the 

frequency of water level fluctuations (reduction in overall magnitude); and, 

reduction in the extent and severity of ice scour 

None Adverse, large (short-term duration) to small 

magnitude (long-term duration), and medium 

extent reduction in occupied aquatic macrophyte 

habitat 

 

Adverse, large (small extent) to small (medium 

extent) magnitude, and long-term duration 

decrease in production of drifting non-vascular 

(predominantly filamentous algae) and vascular 

plant biomass 

 

Downstream of Generating Station 

Aquatic plant distribution and abundance would be affected by: reduction in the 

extent and severity of ice scour in certain areas near the inflow of the river to 

Stephens Lake; direct loss of aquatic habitat due to dewatering of Gull Rapids 

and footprint of GS; and no effect in Stephens Lake proper 

None Adverse, moderate magnitude, small extent, and 

long-term duration decrease in production of 

drifting non-vascular plant (predominantly 

filamentous algae) biomass 

North and South Access Road Stream Crossings 

Aquatic plant cover would be affected by infilling of aquatic habitat at crossings 

and inputs of sediment from erosion 

Clear span bridge on Looking Back 

Creek; placement of culverts as per 

Manitoba Stream Crossing 

Guidelines; effective erosion control 

measures 

Adverse, large magnitude, small extent, and long-

term loss of aquatic plants at culvert locations 
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Table 4-18: Zooplankton summary statistics for Aquatic Environment Study Area lakes in 2001 and 2002 for all sampling 

periods 

Study Year 2001  2002 

Lake Sampled 
Number of 

Samples 

Overall Mean 

Density 

(individuals/m3) 

SE1 Range  
Number of 

Samples 

Overall Mean 

Density 

(individuals/m3) 

SE Range 

Assean (standing water) 8 47,516 8,234 17,214–79,756  8 42,254 13,013 12,204–101,017 

Split (standing and flowing) 23 2,929 770 236–14,681  23 6380 1,728 140–26,017 

Split (standing only) 5 7,619 2,382 1,991–14,681  8 14,664 3,254 2,126–26,017 

Split (flowing only) 18 1,626 388 236–5,576  15 1,962 605 140–8,756 

Clark (flowing) 4 2,672 1,622 706–7,520  3 2,845 1,776 590–6,349 

Gull (flowing) 8 779 224 64–1,618  8 705 231 39–1,817 

Stephens (flowing) 8 264 65 94–579  8 761 198 22–1,619 

1. SE = standard error. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-131 

Table 4-19: The total number of Cladocera and Copepoda taxa found in the Aquatic 

Environment Study Area, 2001 and 2002 

Waterbody 2001 2002 

Spilt Lake Area 

Split Lake 30 27 

Clark Lake 23 21 

Assean Lake 27 23 

Keeyask Area 

Gull Lake 21 21 

Stephens Lake Area 

Stephens Lake 24 22 
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Table 4-20A: Residual effects on the zooplankton community: construction period 

Environmental Effect Mitigation Residual Effect(s) 

Downstream of the Outlet of Clark Lake 

Zooplankton abundance would be affected by changes in water quality 

(increases in concentrations of TSS and metals; decreases in DO 

concentrations) and changes in phytoplankton (decrease in biomass) 

A number of measures will be implemented 

to minimize effects of construction activities 

on water quality 

Given the nature and duration of expected 

changes to water quality and phytoplankton, 

no effects are expected 
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Table 4-20A: Residual effects on the zooplankton community: operation period 

Environmental Effect Mitigation Residual Effect(s) 

Upstream of Outlet of Clark Lake 

No effect 

Project design to 

avoid water level 

effects to Split Lake 

None 

Outlet of Clark Lake to Generating Station 

Zooplankton abundance and species composition would be affected by: 

changes in surface water quality (e.g., decrease in dissolved oxygen 

concentrations); changes in water residence time (increase in water level and 

volume, reduction in water velocity); and changes in phytoplankton 

None Positive (food source for fish), small to moderate magnitude, small 

extent, and long-term duration increase in zooplankton abundance in 

reservoir bays with long residence times; shift in community 

composition to larger daphnids (type of cladoceran) 

Downstream of Generating Station 

Zooplankton abundance would be affected by change in inflowing water from 

the reservoir (decrease in TSS) and changes in upstream phytoplankton and 

zooplankton 

None 

 

No change is expected in Stephens Lake as the water residence time 

is too short for zooplankton to increase in response to any changes 

in phytoplankton biomass 
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Table 4-21: Number of taxa observed for the sediment-dwelling, plant-dwelling, and drifting macroinvertebrate 

communities of the Aquatic Environment Study Area, 1999–2004 

Waterbody 
Sediment-Dwelling Community 

Plant-Dwelling 

Community 
Drifting Community All Communities 

Years1 n2 Years n Years n Years n 

Split Lake Area 

Assean River - - - - 2001–2002 30 - - 

Assean Lake 2001–2002, 2004 40 (19) 4 - - - - - - 

Assean Total 2001–2002, 2004 40 (19)   2001–2002 30 2001, 2002, 2004 55 (34) 

Clark Lake 2001–2002, 2004 36 (13) 2003–2004 25 - - - - 

Split Lake/York Landing Arm 2001–2002 21 - - - - - - 

Split Lake Area Total 3 2001–2002, 2004 44 (21) 2003–2004 25 - - 2001–2004 49 (21) 

Keeyask Area 

Tributaries 5 - - - - 2001–2002 27 - - 

Upstream of Birthday Rapids - - - - 2003–2004 51 - - 

Downstream of Birthday 

Rapids 
- - - - 2001–2004 65 (25) - - 

Upstream of Gull Rapids - - - - 2003–2004 50 - - 

Downstream of Gull Rapids - - - - 2001–2004 69 (30) - - 

Mainstem Total 1999, 2001–2002, 2004 43 (22) 2001–2004 56 (19) 2001–2004 83 (32) - - 

Keeyask Area Total 1999, 2001–2002, 2004 43 (22) 2001–2004 56 (19) 2001–2004 85 (36) 1999, 2001–2004 93 (39) 
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Table 4-21: Number of taxa observed for the sediment-dwelling, plant-dwelling, and drifting macroinvertebrate 

communities of the Aquatic Environment Study Area, 1999–2004 

Waterbody 
Sediment-Dwelling Community 

Plant-Dwelling 

Community 
Drifting Community All Communities 

Years1 n2 Years n Years n Years n 

Stephens Lake Area 

Stephens Lake 2001–2002, 2004 32 (16) - 34 6 - - - - 

Downstream of Kettle GS - - - - 2003–2004 40 - - 

Stephens Lake Area Total 2001–2002, 2004 32 (16) - 34 2003–2004 40 2001–2004 54 (16) 

Overall Total 1999, 2001–2002, 2004 58 (25) 2001–2004 56 (19) 2001–2004 85 (37) 1999, 2001–2004 95 (40) 

1. Data included from Lower Nelson River Information System (LNRIS) database (1999-2004 finalized data imported). 
 data that are part of EIS, but not included in the LNRIS database: 

 Split Lake/York Landing Arm, Sediment-Dwelling, 1997, 1998, and 2000 (TEMA and York Factory First Nation programs not included in LNRIS database) 
 Stephens Lake, Sediment-Dwelling, 2006 (to be imported to LNRIS database when technical report finalized) 

 Stephens Lake, Plant-Dwelling, 2005, 2006 (to be imported to LNRIS database when technical report finalized) 
2. Number of taxa reported at Family level; if group identified to higher level, then it was assumed that only one Family was represented and this likely resulted in a conservative estimate of number of 

taxa. 

3. Split Lake Area Total includes Clark Lake and Split Lake/York Landing Arm only. 
4. Number in parentheses includes data for 1999, 2001 and 2002 only; macroinvertebrates identified to lower taxonomic level in 2003 and 2004 (see Appendix 4A) and this resulted in a step-trend 

increase to number of taxa. 
5. Nap Creek, Portage Creek, and Two Goose Creek. 
6. 2005 and 2006 data for Stephens Lake not imported to LNRIS database and not included in overall  or communities totals. 
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Table 4-22: Comparison of overall mean number of sediment-dwelling macroinvertebrates (individuals/m2) for selected 

northern Manitoba waterbodies 

Waterbody Churchill River1 Rat River2 
Burntwood 

River2 
Notigi Lake3 Wapisu Lake4 

Threepoint 

Lake5 

Wuskwatim 

Lake6 

Leftrook 

Lake7 

Lower 

Nelson River8 

Study Years 
1995–1996 

(pre-weir) 

1999–2005 

(post-weir) 
2004 2004 1999–2000 1999–2000 1998–2000 1998–2001 1999, 2001 2003 

Oligochaeta 1675 235 208 157 823 511 403 143 692 654 

Amphipoda 733 227 336 136 476 619 618 321 1,010 0 

Ephemeroptera 567 129 135 141 116 367 298 286 191 1 

Plecoptera 0 1 2 3 0 1 1 0 0 1 

Trichoptera 42 36 59 147 131 34 62 58 19 3 

EPT9 608 165 196 292 247 402 361 344 210 5 

Chironomidae 3,357 1,815 733 641 473 632 633 679 3,444 1,788 

Ceratopogonidae - 26 175 71 124 117 56 62 66 13 

Gastropoda 485 249 132 79 67 64 33 118 357 21 

Pisidiidae 1,912 784 373 382 51 137 300 288 2,364 71 

Total 

Invertebrates 
9,529 3,653 2,275 1,912 2,180 2,572 2,470 2,122 8439 2,557 

1. After Capar et al. (2006). 
2. After Zrum and Wyn (2009). 

3. After Zrum and Neufeld (2003a). 
4. After Zrum et al. (2003). 

5. After Zrum and Neufeld (2003b). 
6. After Manitoba Hydro and NCN (2003) and Zrum and Juliano (2004). 
7. After Zrum and Neufeld (2003d). 

8. After Capar and Gill (2008). 
9. Sum of Ephemeroptera, Plecoptera, and Trichoptera. 
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Table 4-23: Summary of benthic macroinvertebrate community information for aquatic habitat types sampled in the Split 

Lake area (Split Lake, the York Landing Arm of Split Lake, and Clark Lake), 1997–2004 

Habitat Type1 Years n2 Total Abundance (individuals/m2) Mean Percent Composition of Major Groups3 

   Mean ±SE4 Min Max Oli Amp Hem Eph Ple Tri EPT Chi Cer Gas Pis Oth 

S-IEZ ST S M RV 1998, 2000–2002, 2004 13 5,025 891 707 10,262 17.5 11.0 0.0 10.4 0.0 5.0 15.5 40.6 1.5 9.0 3.9 1.1 

S ST S M RV 
1997–1998, 

2001–2002 
14 2,316 450 272 6,489 2.6 5.0 0.2 21.4 0.3 2.1 23.9 29.9 1.6 16.7 19.0 1.1 

S-IEZ L S M RV 2001–2002 3 2,192 285 1,815 2,750 1.8 0.5 0.0 17.9 0.0 2.8 20.7 15.6 1.3 10.0 49.4 0.7 

S L S M RV 1998, 2001 3 2,575 343 1,924 3,087 1.2 1.0 0.0 26.6 0.3 0.4 27.3 7.9 0.3 18.6 43.4 0.3 

S-IEZ ST S M NP 1998, 2000 6 3,419 1,025 798 7,964 22.3 19.4 0.1 6.8 0.3 1.8 8.9 17.2 0.8 21.3 8.8 1.2 

S ST S M NP 

1997–1998, 

2000–2002, 

2004 

41 2,437 317 250 10,174 4.0 12.5 0.1 18.1 0.0 0.7 18.8 18.0 1.5 18.3 25.6 1.2 

S L S M NP 1997 2 3,443 - 1,521 5,366 4.1 9.5 0.0 12.2 7.1 4.6 23.9 15.6 0.2 41.2 5.4 0.1 

D ST S M NP 
1997–1998, 

2000–2002 
80 3,692 490 43 33,151 3.1 14.5 0.0 16.9 0.1 0.9 17.9 9.3 0.3 28.1 22.5 4.3 

D L S M NP 
1998, 

2001–2002 
15 3,516 596 272 8,554 1.1 13.2 0.0 13.0 0.0 4.6 17.7 10.8 0.2 8.7 47.6 0.7 

1. S shallow, S-IEZ shallow intermittently exposed, D deep, ST standing water, L low water velocity, S soft substrate, M mineral-based substrate, RV rooted vascular plants, NP no plants. 
2. Number of replicates collected per habitat type. 
3. Oli Oligochaeta; Amp Amphipoda; Hem Hemiptera; Eph Ephemeroptera; Ple Plecoptera; Tri Trichoptera; EPT sum of Eph, Ple, and Tri; Chi Chironomidae; 

 Cer Ceratopogonidae; Gas Gastropoda; Pis Pisidiidae; Oth Other Groups. 
4. SE = standard error. 
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Table 4-24: Summary of benthic macroinvertebrate community information for aquatic habitat types sampled in Assean 

Lake, 2001–2002, and 2004 

Habitat Type1 Years n2 Total Abundance (individuals/m2) Mean Percent Composition of Major Groups3 

   Mean ±SE4 Min Max Oli Amp Hem Eph Plec Tri EPT Chir Cer Gas Pisi Oth 

S ST S M RV 
2001–2002, 

2004 
18 4,217 899 435 17,239 3.4 8.5 0.1 3.7 0.0 1.4 5.2 51.9 3.3 9.7 13.8 4.0 

S ST S M NP 2001–2002 11 1,851 449 489 4,283 6.4 3.4 0.1 11.7 0.0 0.9 12.7 46.2 5.3 6.8 17.0 2.1 

D ST S M NP 2001–2002 27 1,012 148 283 3,942 4.9 0.1 0.1 14.7 0.0 1.7 16.4 38.5 3.1 7.6 28.3 1.0 

1. S shallow, S-IEZ shallow intermittently exposed, D deep, ST standing water, L low water velocity, S soft substrate, M mineral-based substrate, RV rooted vascular plants, NP no plants. 
2. Number of replicates collected per habitat type. 

3. Oli Oligochaeta; Amp Amphipoda; Hem Hemiptera; Eph Ephemeroptera; Ple Plecoptera; Tri Trichoptera; EPT sum of Eph, Ple, and Tri; Chi Chironomidae; 
 Cer Ceratopogonidae; Gas Gastropoda; Pis Pisidiidae; Oth Other Groups. 

4. SE = standard error. 
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Table 4-25: Summary of plant-dwelling macroinvertebrate community information for aquatic habitat types sampled in 

the Split Lake area (Clark Lake), 2003–2004 

Habitat 

Type1 
Years n2 

Total Abundance 

(individuals/m2) 
Mean Percent Composition of Major Groups3 

   Mean ±SE4 Min Max Oli Amp Hem Eph Plec Tri EPT Chi Cer Gas Pis Oth 

S ST S M RV 
2003–

2004 
9 181 48 17 492 28.9 3.9 2.2 0.3 0.0 0.4 0.7 38.4 0.1 24.8 0.1 1.0 

1. S shallow, S-IEZ shallow intermittently exposed, D deep, ST standing water, L low water velocity, S soft substrate, M mineral-based substrate, RV rooted vascular plants, NP no plants. 
2. Number of replicates collected per habitat type. 
3. Oli Oligochaeta; Amp Amphipoda; Hem Hemiptera; Eph Ephemeroptera; Ple Plecoptera; Tri Trichoptera; EPT sum of Eph, Ple, and Tri; Chi Chironomidae; 

 Cer Ceratopogonidae; Gas Gastropoda; Pis Pisidiidae; Oth Other Groups. 
4. SE = standard error. 
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Table 4-26: Summary of aquatic macrophyte community information for aquatic habitat types sampled in the Split Lake 

area (Clark Lake), 2003–2004 

Habitat Type1 Years n2 Total Abundance (g dry weight/m2) Mean Percent Composition of Major Species3 

   Mean ±SE4 Min Max Calli Eleo Equis Lemna Myrio Poly Pota Stuck Moss FGA Other 

S ST S M RV 2003–2004 9 16.2 4.8 2.6 46.5 12.2 37.3 0.0 0.0 0.1 0.0 45.3 3.4 0.0 0.0 1.6 

1. S shallow, S-IEZ shallow intermittently exposed, D deep, ST standing water, L low water velocity, S soft substrate, M mineral-based substrate, RV rooted vascular plants, NP no plants. 
2. Number of replicates collected per habitat type. 

3. Calli Callitriche palustris; Eleo Eleocharis palustris; Equis Equisetum fluviatile; Lemna Lemna trisulca; Myrio Myriophyllum sibiricum; Poly Polygonum amphibium; 
Pota Potamogeton spp.; Stuck  Stuckenia spp.; Moss Aquatic Moss; FGA Filamentous Green Algae; Other Other Species. 

4. SE = standard error. 
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Table 4-27: Summary of benthic macroinvertebrate community information for aquatic habitat types sampled in the 

Keeyask area, 1999–2004 

Habitat Type1 Years n2 
Total Abundance 

(individuals/m2) 
Mean Percent Composition of Major Groups3 

   Mean ±SE4 Min Max Oli Amp Hem Eph Ple Tri EPT Chi Cer Gas Pis Oth 

BWI-IEZ 

ST S M RV 
2004 2 4,761 - 2,130 7,391 17.1 3.6 0.0 1.5 0.0 0.5 1.9 63.2 0.0 12.6 0.2 1.4 

S-IEZ ST S M RV 
1999, 2001–

2002, 2004 
17 5,900 1,217 424 15,957 23.4 16.3 0.0 3.8 0.0 0.4 4.1 39.1 0.8 10.8 4.4 1.0 

S ST S M RV 2001–2002 6 1,399 298 522 2,522 1.9 5.8 0.0 32.3 0.0 0.5 32.8 21.9 1.6 11.5 23.7 0.8 

S-IEZ L S M RV 1999 1 1,060 - - - 3.4 2.2 1.1 27.0 0.0 0.0 27.0 34.8 5.6 15.7 6.7 3.4 

S L S M RV 1999 2 3,440 - 1,857 5,024 18.0 0.0 0.0 5.5 0.0 0.0 5.5 36.4 2.9 31.8 4.7 0.7 

BWI-IEZ 

ST S M NP 
2001–2002 3 3,768 1,750 880 6,924 4.3 47.7 0.0 3.6 0.0 1.2 4.7 33.8 2.5 4.3 1.8 0.8 

S-IEZ ST S M NP 2002, 2004 4 3,603 560 2,185 4,815 9.6 4.2 0.0 9.0 0.0 2.1 11.1 66.1 2.8 3.6 1.9 0.8 

S ST S M NP 2001–2002 4 1,546 184 1,337 2,098 3.0 1.1 0.0 38.8 0.0 1.1 39.9 23.6 0.5 16.2 15.6 0.2 

S L S M NP 2002 3 2,217 1,025 196 3,522 4.6 0.7 0.0 17.5 0.3 2.3 20.1 8.3 1.1 18.0 45.9 1.3 

D ST S M NP 2001–2002 3 917 672 239 2,261 4.0 0.0 0.0 37.9 0.0 0.4 38.3 23.7 2.4 5.5 24.9 1.2 

D L S M NP 
1999, 

2001–2002 
16 3,026 775 0 11,798 5.3 4.3 0.0 10.2 0.1 14.2 24.4 7.2 0.6 27.8 28.8 1.5 

1. S shallow, S-IEZ shallow intermittently exposed, BWI-IEZ backwater inlet intermittently exposed, D deep, ST standing water, L low water velocity, S soft substrate, M mineral-based substrate,  RV 
rooted vascular plants, NP no plants. 

2. Number of replicates collected per habitat type. 

3. Oli Oligochaeta; Amp Amphipoda; Hem Hemiptera; Eph Ephemeroptera; Ple Plecoptera; Tri Trichoptera; EPT sum of Eph, Ple, and Tri; Chi Chironomidae; 
 Cer Ceratopogonidae; Gas Gastropoda; Pis Pisidiidae; Oth Other Groups. 

4. SE = standard error. 
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Table 4-28: Summary of plant-dwelling macroinvertebrate community information for aquatic habitat types sampled in 

the Keeyask area, 2001–2004 

Habitat 

Type1 
Years n2 

Total Abundance 

(individuals/m2) 
Mean Percent Composition of Major Groups3 

   Mean ±SE4 Min Max Oli Amp Hem Eph Ple Tri EPT Chi Cer Gas Pis Oth 

BWI-IEZ 

ST S M RV 

2001–2002, 

2004 
12 494 160 14 1,561 25.7 1.5 4.5 0.4 0.0 1.4 1.8 30.5 0.0 35.0 0.1 0.9 

S ST S M RV 2001–2004 47 367 83 0 2,694 10.3 16.8 2.7 0.7 0.0 1.9 2.7 39.3 0.0 21.6 1.9 4.8 

S L S M RV 2001–2004 20 600 150 23 2,611 25.4 1.5 4.5 0.4 0.0 1.4 1.8 31.4 0.0 34.4 0.1 0.9 

1. S shallow, BWI-IEZ backwater inlet intermittently exposed, ST standing water, L low water velocity, S soft substrate, M mineral-based substrate, RV rooted vascular plants. 

2. Number of replicates collected per habitat type. 
3. Oli Oligochaeta; Amp Amphipoda; Hem Hemiptera; Eph Ephemeroptera; Plec Plecoptera; Tri Trichoptera; EPT sum of Eph, Plec, and Tri; Chi Chironomidae; 

 Cer Ceratopogonidae; Gas Gastropoda; Pis Pisidiidae; Oth Other Groups 
4. SE = standard error. 
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Table 4-29: Summary of aquatic macrophyte community information for aquatic habitat types sampled in the Keeyask 

area, 2001–2004 

Habitat Type1 Years n2 Total Abundance (g dry weight/m2) Mean Percent Composition of Major Species3 

   Mean ±SE4 Min Max Calli Eleo Equis Lemna Myrio Poly Pota Stuck Moss FGA Other 

BWI-IEZ 

ST S M RV 

2001–2002, 

2004 
12 56.7 10.8 5.0 135.3 0.0 13.9 0.0 12.9 41.8 0.0 10.1 14.9 0.3 0.0 6.1 

S ST S M RV 2001–2004 47 27.9 3.7 0.0 94.5 0.0 10.0 0.8 12.7 3.2 2.1 50.5 16.0 0.5 1.3 2.9 

S L S M RV 2001–2004 20 30.2 6.3 1.2 88.3 0.0 0.0 0.0 0.0 0.0 0.0 58.4 29.5 4.0 7.7 0.3 

1. S shallow, BWI-IEZ backwater inlet intermittently exposed, ST standing water, L low water velocity, S soft substrate, M mineral-based substrate, RV rooted vascular plants.  

2. Number of replicates collected per habitat type. 
3. Calli Callitriche palustris; Eleo Eleocharis palustris; Equis Equisetum fluviatile; Lemna Lemna trisulca; Myrio Myriophyllum sibiricum; Poly Polygonum amphibium; 

 Pota Potamogeton spp.; Stuck Stuckenia spp.; Moss Aquatic Moss; FGA Filamentous Green Algae; Other Other Species. 
4. SE = standard error. 
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Table 4-30: Mean drifting invertebrate density and community composition information for large drift traps set in the 

Aquatic Environment Study Area in comparable sampling periods during the open-water season, 2003 and 

2004 

Location of Drift Traps 
Upstream of 

Birthday Rapids 

Downstream of 

Birthday Rapids 

Upstream of 

Gull Rapids 

(at the downstream 

end of Gull Lake) 

Downstream of 

Gull Rapids 

(near the base of 

Gull Rapids) 

Downstream of 

the Kettle GS 

n1 20 20 20 16 16 

Mean Drift Density (individuals/100 m3) 

Annelida (aquatic earthworms) 0.074 2.090 0.134 2.077 0.002 

Crustacea (crustaceans) 0.383 1.008 0.543 0.365 0.619 

Acarina (water mites) 0.023 0.037 0.021 0.136 0.027 

Mollusca (snails and clams) 0.092 0.328 0.112 0.294 0.015 

Platyhelminthes (flatworms) 0.000 0.000 0.000 0.000 0.006 

Hydrozoa (hydrozoans) 0.002 0.004 0.005 0.000 0.016 

Ephemeroptera (mayflies) 3.840 12.910 36.897 5.318 1.339 

Trichoptera (caddisflies) 2.215 7.735 3.393 4.383 1.418 

Plecoptera (stoneflies) 0.068 1.403 2.251 0.370 0.008 

Diptera (true flies, including chironomids) 1.798 6.297 4.303 5.854 3.887 

Total Aquatic Insects 8.712 31.263 48.887 18.230 6.736 

Total Aquatic Invertebrates 9.287 34.731 49.702 21.100 7.419 

Percent Composition (%) 

Annelida (aquatic earthworms) 0.801 6.017 0.270 9.842 0.025 

Crustacea (crustaceans) 4.129 2.904 1.092 1.732 8.338 

Acarina (water mites) 0.245 0.107 0.042 0.645 0.357 

Mollusca (snails and clams) 0.992 0.946 0.225 1.395 0.200 

Platyhelminthes (flatworms) 0.004 0.000 0.000 0.000 0.075 
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Table 4-30: Mean drifting invertebrate density and community composition information for large drift traps set in the 

Aquatic Environment Study Area in comparable sampling periods during the open-water season, 2003 and 

2004 

Location of Drift Traps 
Upstream of 

Birthday Rapids 

Downstream of 

Birthday Rapids 

Upstream of 

Gull Rapids 

(at the downstream 

end of Gull Lake) 

Downstream of 

Gull Rapids 

(near the base of 

Gull Rapids) 

Downstream of 

the Kettle GS 

n1 20 20 20 16 16 

Hydrozoa (hydrozoans) 0.021 0.011 0.011 0.000 0.213 

Ephemeroptera (mayflies) 41.350 37.172 74.235 25.204 18.045 

Trichoptera (caddisflies) 23.854 22.271 6.827 20.771 19.111 

Plecoptera (stoneflies) 0.733 4.041 4.530 1.753 0.108 

Diptera (true flies, including chironomids) 19.364 18.132 8.657 27.742 52.392 

Total Aquatic Insects 93.809 90.015 98.359 86.397 90.792 

1. Number of samples collected per area for 2003 and 2004 sampling periods combined. 
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Table 4-31: Summary of benthic macroinvertebrate community information for aquatic habitat types sampled in the 

Stephens Lake area, 2001–2006 

Habitat Type1 Years n2 Total Abundance (individuals/m2) Mean Percent Composition of Major Groups3 

   Mean ±SE4 Min Max Oli Amp Hem Eph Ple Tri EPT Chir Cer Gas Pis Oth 

S-IEZ ST S M RV 2002, 2004 5 2,073 841 678 5,174 15.7 4.8 0.0 3.1 0.0 7.1 10.3 52.9 7.2 5.8 1.4 1.8 

S ST S M RV 2001–2002 6 2,417 335 1,574 3,435 2.4 1.3 0.1 19.4 0.0 1.4 20.9 52.2 4.7 15.0 3.0 0.4 

S ST S O RV 2001 1 7,109 - - - 0.0 25.1 0.0 28.1 0.0 0.9 29.1 42.4 1.1 1.5 0.8 0.2 

S-IEZ ST S M NP 2002, 2004 9 2,399 606 43 5,791 15.5 4.9 0.0 3.9 0.0 1.3 5.2 56.6 1.0 15.3 1.2 0.4 

S ST S M NP 2001–2002, 2004, 2006 22 1,611 287 148 5,217 12.8 0.8 0.1 17.5 0.0 1.6 19.0 50.9 1.8 7.8 4.5 2.1 

S-IEZ ST S O NP 2006 5 8,331 2,949 2,696 19,130 4.8 1.7 0.0 3.6 0.0 0.4 4.1 83.1 0.9 1.7 3.3 0.5 

S ST S O NP 2006 15 2,794 658 435 10,435 4.5 17.8 0.0 10.1 0.0 1.2 11.3 50.9 2.4 2.0 9.5 1.6 

D ST S M NP 
2001–2002, 

2004 
21 2,216 365 148 6,804 7.8 11.3 0.0 29.6 0.0 1.5 31.0 39.0 2.4 1.4 2.2 4.8 

D ST S O NP 2001–2002 8 2,760 902 409 6,217 7.6 67.5 0.0 3.3 0.0 0.4 3.6 20.4 0.4 0.0 0.4 0.1 

1. S shallow, S-IEZ shallow intermittently exposed, D deep, ST standing water, S soft substrate, M mineral-based substrate, O organic-based substrate, RV rooted vascular plants, NP no plants. 
2. Number of replicates collected per habitat type. 

3. Oli Oligochaeta; Amp Amphipoda; Hem Hemiptera; Eph Ephemeroptera; Ple Plecoptera; Tri Trichoptera; EPT sum of Eph, Ple, and Tri; Chi Chironomidae; 
 Cer Ceratopogonidae; Gas Gastropoda; Pis Pisidiidae; Oth Other Groups. 

4. SE = standard error. 
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Table 4-32: Summary of plant-dwelling macroinvertebrate community information for aquatic habitat types sampled in 

the Stephens Lake area, 2005–2006 

Habitat Type1 Years n2 Total Abundance (individuals/m2) Mean Percent Composition of Major Groups3 

   Mean ±SE4 Min Max Oli Amp Hem Eph Ple Tri EPT Chi Cer Gas Pis Oth 

S-IEZ ST S M RV 2005–2006 22 859 422 10 8,919 18.3 2.4 0.5 0.3 0.0 3.6 3.9 28.9 0.1 2.6 0.0 43.25 

S ST S M RV 2005 2 90 - 38 143 0.0 3.9 5.3 0.0 0.0 3.9 3.9 82.9 0.0 3.9 0.0 0.0 

S-IEZ ST S O RV 2005–2006 4 224 154 36 686 13.0 8.0 0.3 0.3 0.0 0.5 0.8 32.6 0.3 5.6 0.3 39.36 

S ST S O RV 2006 1 721 - - - 7.6 12.2 0.0 0.7 0.0 0.3 1.0 20.5 0.0 14.2 0.0 44.67 

1. S shallow, S-IEZ shallow intermittently exposed, ST standing water, S soft substrate, M mineral-based substrate, O organic-based substrate, RV rooted vascular plants. 
2. Number of replicates collected per habitat type. 

3. Oli Oligochaeta; Amp Amphipoda; Hem Hemiptera; Eph Ephemeroptera; Ple Plecoptera; Tri Trichoptera; EPT sum of Eph, Ple, and Tri; Chi Chironomidae; 
Cer Ceratopogonidae; Gas Gastropoda; Pis Pisidiidae; Oth Other Groups. 

4. SE = standard error. 
5. Hydrozoa (41.1 %). 
6. Hydrozoa (34.7 %). 

7. Hydrozoa (28.4 %); Diplostraca (12.9%). 
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Table 4-33: Summary of aquatic macrophyte community information for aquatic habitat types sampled in the Stephens 

Lake area, 2005–2006 

Habitat Type1 Years n2 Total Abundance (g dry weight/m2) Mean Percent Composition of Major Species3 

   Mean ±SE4 Min Max Calli Eleo Equis Lemna Myrio Poly Pota Stuck Moss FGA Other 

S-IEZ ST S M RV 2005–2006 22 55.7 7.7 8.9 174.7 0.0 0.0 0.0 0.0 17.9 0.0 60.3 16.2 0.3 0.0 5.3 

S ST S M RV 2005 2 71.9 - 31.0 112.8 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 

S-IEZ ST S O RV 2005–2006 4 27.3 13.4 2.4 61.3 0.0 0.0 0.0 0.0 19.6 56.1 5.8 0.0 16.4 0.0 2.1 

S ST S O RV 2006 1 91.0 - - - 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 

1. S shallow, S-IEZ shallow intermittently exposed, ST standing water, S soft substrate, M mineral-based substrate, O organic-based substrate, RV rooted vascular plants. 
2. Number of replicates collected per habitat type. 
3. Calli Callitriche palustris; Eleo Eleocharis palustris; Equis Equisetum fluviatile; Lemna Lemna trisulca; Myrio Myriophyllum sibiricum; Poly Polygonum amphibium; 
 Pota Potamogeton spp.; Stuck Stuckenia spp.; Moss Aquatic Moss; FGA Filamentous Green Algae; Other Other Species. 
4. SE = standard error. 
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Table 4-34: Total benthic macroinvertebrate abundance in the existing environment (EE) and at post-Project (PP) time 

steps under different generating station operating scenarios 

  

EE1 

Year 1 PP Year 5 PP Year 15 PP Year 30 PP 

 Peaking Mode2 Base 

Loaded3 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded   MOL4 FSL5 MOL FSL MOL FSL MOL FSL 

Total 

Abundance 

(ind/habitat 

type) 

4.5E+10 1.1E+11 1.2E+11 1.3E+11 1.1E+11 1.2E+11 1.4E+11 1.3E+11 1.5E+11 1.8E+11 1.2E+11 1.5E+11 1.8E+11 

Loss(-)/ 

Gain(+) Total 

Abundance 

(ind/habitat 

type) 

0.0E+00 6.3E+10 7.6E+10 8.8E+10 6.5E+10 7.9E+10 9.4E+10 8.0E+10 1.1E+11 1.4E+11 7.8E+10 1.1E+11 1.4E+11 

Percent 

Loss(-)/ 

Gain(+) Total 

Abundance 

(%) 

0.0 141.7 169.1 196.3 144.1 177.2 210.1 179.7 242.1 304.5 174.6 243.6 312.6 

1. At the 95th percentile flow. 
2. Assumes weekly cycling. 
3. Assumes no cycling (i.e., Full Supply Level [FSL] with no intermittently exposed zone [IEZ]). 
4. Minimum Operating Level – no IEZ. 
5. Includes IEZ. 
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Table 4-35: Total plant-dwelling macroinvertebrate abundance in the existing environment (EE) and at post-Project (PP) 

time steps under different generating station operating scenarios 

  

EE1 

Year 1 PP Year 5 PP Year 15 PP Year 30 PP 

 Peaking Mode2 Base 

Loaded3 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded   MOL4 FSL5 MOL FSL MOL FSL MOL FSL 

Total 

Abundance 

(ind/habitat 

type) 

9.0E+08 6.9E+05 5.2E+06 9.8E+06 6.9E+05 5.2E+06 9.8E+06 4.1E+07 9.5E+07 1.5E+08 2.0E+08 4.7E+08 7.4E+08 

Loss(-)/ 

Gain(+) Total 

Abundance 

(ind/habitat 

type) 

0.0E+00 -9.0E+08 -9.0E+08 -8.9E+08 -9.0E+08 -9.0E+08 -8.9E+08 -8.6E+08 -8.1E+08 -7.6E+08 -7.1E+08 -4.4E+08 -1.7E+08 

Percent 

Loss(-)/ 

Gain(+) Total 

Abundance 

(%) 

0.0 -99.9 -99.4 -98.9 -99.9 -99.4 -98.9 -95.5 -89.5 -83.6 -78.1 -48.3 -18.5 

1. At the 95th percentile flow. 
2. Assumes weekly cycling. 
3. Assumes no cycling (i.e., Full Supply Level [FSL] with no intermittently exposed zone [IEZ]). 
4. Minimum Operating Level – no IEZ. 
5. Includes IEZ. 
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Table 4-36A: Residual effects on the aquatic macroinvertebrate community: construction period 

Environmental Effect Mitigation Residual Effect(s) 

Downstream of the Outlet of Clark Lake 

Aquatic macroinvertebrate distribution and/or abundance would be affected 

by: changes in water quality (increases in concentrations of TSS and metals; 

decreases in DO concentrations); and changes in physical attributes of 

aquatic habitat (downstream sedimentation, loss of habitat in footprint of 

supporting infrastructure) 

A number of measures will be 

implemented to minimize effects 

of construction on water quality 

and aquatic habitat 

Adverse, moderate magnitude, small to medium extent, and 

long-term decrease in aquatic macroinvertebrate distribution 

and/or abundance and in the production of drifting 

invertebrates (predominantly larval insects) from Gull Rapids 

South Access Road Stream Crossings 

Benthic macroinvertebrate community would be affected by infilling of 

aquatic habitat at crossings 

A number of measures will be 

implemented to minimize effects 

of construction on water quality 

Adverse, large magnitude, small extent, and long-term loss 

of benthic macroinvertebrates at culvert locations 
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Table 4-36B: Residual effects on the aquatic macroinvertebrate community: operation period  

Environmental Effect Mitigation Residual Effect(s) 

Upstream of Outlet of Clark Lake 

No effect 

Project design to avoid water level 

effects to Split Lake 

None 

Outlet of Clark Lake to Generating Station 

Aquatic macroinvertebrate distribution, abundance, and/or community composition 

would be affected by: flooding (loss of existing habitats, creation of new habitats); 

reduction in moderate and high water velocity aquatic habitats; conversion of existing 

hard substrates to silt/clay due to sedimentation in Gull Lake; increase in the 

frequency of water level fluctuations (reduction in overall magnitude); conversion of 

tributary habitat to bays; reduction in the extent and severity of ice scour; changes in 

surface water quality in off-current areas (e.g., decrease in dissolved oxygen 

concentrations) 

Constructing reefs for fish spawning 

habitat which would also be 

colonized by aquatic 

macroinvertebrates 

Positive (benthos) to adverse (plant-dwelling), 

moderate to large magnitude, small to medium 

extent, and long-term duration increase in 

benthos and decrease in plant-dwelling 

macroinvertebrates 

 

Adverse, large (small extent) to small (medium 

extent) magnitude, and long-term duration 

decrease in the production of drifting 

invertebrates (predominantly larval insects) 

Downstream of Generating Station 

Aquatic macroinvertebrates would be affected by: alteration of flow patterns, water 

velocities and depths; reduction in the extent and severity of ice scour in the portion 

of the Nelson River to the inlet of Stephens Lake; direct loss of aquatic habitat due to 

dewatering of Gull Rapids and footprint of GS; change in density of drifting 

macroinvertebrates entering from Gull Lake; and no effect in Stephens Lake proper 

Constructing fish spawning 

structure in tailrace (approximately 

3 ha in size) which would also be 

colonized by aquatic 

macroinvertebrates 

Adverse, small to moderate magnitude, small 

extent, and long-term duration decrease in the 

production of drifting invertebrates 

(predominantly larval insects) 

North and South Access Road Stream Crossings  

Benthic macroinvertebrate community would be affected by infilling of aquatic habitat 

at crossings and inputs of sediment from erosion 

Clear span bridge on Looking Back 

Creek; placement of culverts as per 

Manitoba Stream Crossing 

Guidelines; effective erosion control 

measures 

Adverse, large magnitude, small extent, and 

long-term loss of benthic macroinvertebrates at 

culvert locations 
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Figure 4-1: Phytoplankton community biomass (A) and composition (B) in samples collected from the Aquatic 

Environment Study Area in 2001 
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Figure 4-2: Phytoplankton community biomass (A) and composition (B) in samples collected from the Aquatic 

Environment Study Area in 2002 
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Figure 4-3: Phytoplankton community biomass (A) and composition (B) in samples collected from the Aquatic 

Environment Study Area in March, 2001 and 2002 (under ice- cover) 
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Figure 4-4: Chlorophyll a concentration (µg/L) in samples collected from the Aquatic Environment Study Area in: (A) 

2001; (B) 2002; (C) 2003; and (D) 2004. Dashed line indicates the detection limit of the laboratory analysis 

method (samples which were below the limit of detection are plotted at half the detection limit) 
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Figure 4-4: Chlorophyll a concentration (µg/L) in samples collected from the Aquatic Environment Study Area in: (A) 

2001; (B) 2002; (C) 2003; and (D) 2004. Dashed line indicates the detection limit of the laboratory analysis 

method (samples which were below the limit of detection are plotted at half the detection limit)

0

2

4

6

8

10

12

14

16

SPL1 SPL2 SPL3 SPL4 SPL5 SPL6 SPL7 SPL8 YL1 CL1 AK1 AL1 AL2 NR1 NR2A NR2B NR2C GL1 GL2 TRIB1 TRIB2 TRIB3 Camp1 Camp2 GT1 STL1 STL2

C
h

lo
r
o

p
h

y
ll

 a
(µ

g
/L

)

(C) 2003 Period 1 June 12-17 Period 2 July 10-16 Period 3 August 24-27 Period 4 September 28 - October 2

0

2

4

6

8

10

12

14

16

SPL1 SPL2A SPL2B SPL2C SPL9 SPL7 SPL8 YL1 CL1 NR1 NR2A NR2B NR2C TRIB1 TRIB2 TRIB3 GT1 STL1A STL1B STL1C STL2 STL3

C
h

lo
r
o

p
h

y
ll

 a
(µ

g
/L

)

(D) 2004 Period 1 June 21-24 Period 2 July 21-23 Period 3 August 30 - September 2 Period 4 October 6-7



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-158 

 

Figure 4-5: Operation-related pathways (i.e., linkages to the Project) that were assessed for potential effects to the lower 

trophic level communities: Upstream of the Keeyask Generating Station 
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Figure 4-6: Operation-related pathways (i.e., linkages to the Project) that were assessed for potential effects to the lower 

trophic level communities: Downstream of the Keeyask Generating Station
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Figure 4-7: Total abundance and percent composition of zooplankton collected in 

vertical net tows from Split Lake, 2001–2002 
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Figure 4-8: Total abundance and percent composition of zooplankton collected in 

vertical net tows from Clark Lake, 2001–2002 
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Figure 4-9: Total abundance and percent composition of zooplankton collected in 

vertical net tows from Assean Lake, 2001–2002 
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Figure 4-10: Total abundance and percent composition of zooplankton collected in 

vertical net tows from Gull Lake, 2001–2002 
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Figure 4-11: Total abundance and percent composition of zooplankton collected in 

vertical net tows from Stephens Lake, 2001–2002 
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Figure 4-12: Overall abundance (individuals/m2±standard error) and community 

composition (%) of benthic macroinvertebrates in the Split Lake area 

(Split and Clark lakes, and the York Landing arm of Split Lake) by aquatic 

habitat type, 1997–2004 
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Figure 4-13: Overall abundance (individuals/m2±standard error) and community 

composition (%) of benthic macroinvertebrates in Assean Lake by aquatic 

habitat type, 2001–2004 
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Figure 4-14: Overall abundance (individuals/m2±standard error) and community 

composition (%) of benthic macroinvertebrates in the Keeyask area by 

aquatic habitat type, 1999–2004 

O
v
e
ra

ll 
S

e
d
im

e
n
t-

D
w

e
lli

n
g
 M

a
c
ro

in
v
e
rt

e
b
ra

te
 A

b
u
n
d
a
n
c
e

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

B
W

I-
IE

Z
-S

T
-S

-M
-R

V

S
-I

E
Z

-S
T

-S
-M

-R
V

S
-S

T
-S

-M
-R

V

S
-I

E
Z

-L
-S

-M
-R

V

S
-L

-S
-M

-R
V

B
W

I-
S

T
-S

-M
-N

P

S
-I

E
Z

-S
T

-S
-M

-N
P

S
-S

T
-S

-M
-N

P

S
-L

-S
-M

-N
P

D
-S

T
-S

-M
-N

P

D
-L

-S
-M

-N
P

O
v
e
ra

ll 
S

e
d
im

e
n
t-

D
w

e
lli

n
g
 M

a
c
ro

in
v
e
rt

e
b
ra

te
 C

o
m

p
o
s
it
io

n

0

20

40

60

80

100

Sediment-Annelida

Sediment-Crustacea

Sediment-Insecta

Sediment-Mollusca



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS  4-168 

 

Figure 4-15: Overall abundance (individuals/m2±standard error) and community 

composition (%) of benthic macroinvertebrates in the Stephens Lake area 

by aquatic habitat type, 2001–2006 
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Figure 4-16: Composition of the benthic macroinvertebrate community in site-specific 

habitat types in Stephens Lake, 2006: (A) shallow, standing water, organic 

substrate that experiences DO depletion in winter; (B) shallow, standing 

water, organic substrate with adequate DO in winter; (C) shallow, 

standing water, silt/clay substrate with adequate DO in winter 
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4A.1 PHYTOPLANKTON METHODS 

4A.1.1 PHYTOPLANKTON COMMUNITY VARIABLES 

A number of phytoplankton community variables were measured in the study area to address potential 

effects of the Keeyask GS on the aquatic environment. The rationale for inclusion of each of these is 

provided below. 

4A.1.1.1 Chlorophyll a 

Chlorophyll a is a green pigment found in plants, including aquatic plants and algae (small, plant-like 

organisms). Measurement of chlorophyll a in water is commonly used as an indicator of the amount of 

algae growing in the water (i.e., phytoplankton). However, this method is not very sensitive and does not 

provide any information on the type of phytoplankton present. Furthermore, because the chlorophyll a 

content varies between species of phytoplankton, the concentration of chlorophyll a may not accurately 

represent the absolute quantity of phytoplankton present. 

The detailed approach and methods for chlorophyll a sampling conducted between 2001 and 2005 as part 

of the water quality program are presented in Appendix 2C. 

4A1.1.2 Phytoplankton Community Composition and Biomass 

Phytoplankton (algae) are small, aquatic, plant-like organisms that are most often found suspended or 

entrained in the water column. Growth of phytoplankton depends on the amount of available light, 

nutrients, and water temperature. Many other aquatic organisms rely on phytoplankton, directly or 

indirectly, as a food source. Consequently, changes in phytoplankton abundance or composition can 

result in changes to invertebrate and fish populations. For these reasons, phytoplankton biomass and 

species composition were determined for lakes sampled in the study area. Studies often include 

taxonomic identification and enumeration of phytoplankton to more accurately assess algal biomass. The 

following detailed approach and methods are limited to sampling conducted to describe phytoplankton 

community composition and biomass. 

4A.1.2 PHYTOPLANKTON COLLECTION AND 

ANALYSIS 

Samples for the identification and enumeration of phytoplankton were collected at a depth of 

approximately 0.10 metres (m) in conjunction with the water quality program. In the open water season, 

phytoplankton biomass and species composition were assessed at the following sites in the study area 

(Section 2.0, Map 2-2):  
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 Three sites in 1999: Site A (also known as TRIB-1) on the Nelson River upstream of Birthday 

Rapids; and sites B and C (also known as GL-1 and GL-2, respectively) in Gull Lake; 

 Thirteen sites in 2001: five sites in Split Lake (SPL-3,-4,-6,-7, and -8); one site in Clark Lake (CL-1); 

two sites in Assean Lake (AL-1 and AL-2); one site on the Nelson River downstream of Birthday 

Rapids (NR-2); two sites in Gull lake (GL-1 and GL-2); and two sites in Stephens Lake (STL-1 and 

STL-2); and 

 Thirteen sites in 2002: six sites in Split Lake (SPL-3,-4,-5,-6,-7, and -8); one site in Clark Lake (CL-1); 

two sites in Assean Lake (AL-1 and AL-2); two sites in Gull lake (GL-1 and GL-2); and two sites in 

Stephens Lake (STL-1 and STL-2). 

As the phytoplankton community measured in surface waters can vary during the growing season due to 

changes in physical conditions and succession of algal species, sampling was conducted several times 

during each of the open water seasons. A summary of the sampling periods is a follows: 

 1999: early October;  

 2001: March; early June; early July; mid-August; and mid-September; and 

 2002: March; June; July; August; and September/October. 

During the ice-cover season, phytoplankton identification and enumeration were performed on samples 

collected in March of 2001 and 2002 at the following sites (Section 2.0, Map 2-2): 

 In 2001, samples were collected at four sites in Split Lake (SPL-3, SPL-4, SPL-6, and SPL-8); both 

sites in Assean Lake (AL-1 and AL-2); and one site on Stephens Lake (STL-1); and  

 In 2002, samples were collected at the same sites as the previous year, plus: two additional sites in 

Split Lake (SPL-5, and -7); one site in Gull lake (GL-2); and one additional site in Stephens Lake 

(STL-2). 

Immediately after collection, samples were preserved with Lugol‟s solution and sent to ALS Laboratory 

Group (formerly Enviro-Test Laboratories, Winnipeg, MB) for analysis.  

Algal cells were identified and counted in 10 millilitres (mL) of sample at 156X and 500X magnification 

(Utermohl technique modified by Nauwerck 1963). Cell biovolume (10 cells per species) was determined 

by applying the geometric formula best fitted to the cell shape (Vollenweider 1968). Phytoplankton 

biomass in milligrams per cubic metre [mg/m3] wet weight was determined from total sample biovolume 

(cubic micrometres [µm3]) assuming a specific gravity of one for cellular mass. 

The relative abundance of phytoplankton biomass was calculated for the major algal classes. The fraction 

of phytoplankton reported as „small chrysophytes‟ by ALS was not incorporated into estimates of total 

phytoplankton biomass for 2001 and 2002, as these measurements may include TSS and/or large 

particles in addition to phytoplankton (B. Bayer pers. comm. 2001). In order for comparisons to be made 

between years, the portion of the phytoplankton biomass that was attributable to „small chrysophytes‟ 

was also removed from the samples processed in 1999. Additionally, the phytoplankton analysis in this 

document is restricted to the nanoplankton (those algae with maximum dimension greater than 2 µm) 
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and larger organisms. While the picoplankton fraction (those algae with a maximum dimension between 

0.2 and 2.0 µm) was not accounted for, phytoplankton in this size range likely do not comprise a 

significant amount (less than 10%) of the algal biomass in the study area. 

4A.1.3 DATA PRESENTATION 

Phytoplankton community composition and biomass data from 1999, 2001 and 2002 study programs are 

presented in Zrum and Bezte (2003), Badiou and Cooley (2004), and Badiou and Cooley (2005), 

respectively. 

4A.2 AQUATIC MACROPHYTE METHODS 

4A.2.1 AQUATIC MACROPHYTE COMMUNITY 

VARIABLES 

The aquatic macrophyte field program consisted of a number of components with the overall objective 

being to provide a description of aquatic plants in terms of relative abundance, composition, and 

distribution within study area waterbodies. General information on aquatic plant abundance, 

composition, and distribution in all reaches was obtained in conjunction with aquatic habitat surveys 

(Section 3.2; Appendix 3A). Detailed methods for the aquatic macrophyte field program conducted in 

each of the study area reaches are provided below. 

4A.2.2 SPLIT LAKE AREA 

4A.2.2.1 Split Lake (Including the York Landing Arm) 

Quantitative surveys of aquatic macrophytes were not undertaken in Split Lake as part of the Keeyask 

environmental studies. Information on aquatic plant abundance, species composition, and distribution 

(i.e., location of areas supporting rooted plants visible from the surface) was recorded during the boat-

based bathymetric and aquatic habitat mapping survey conducted in September, 1997, and June, 1998, as 

part of the TEMA program (Kroeker 1999). Information was transcribed directly onto field maps, and 

included species composition and relative densities; plants were identified on-site. General distribution 

information was represented as polygons in the geographic information system (GIS) based on these 

observations (Map 3-4), i.e., Map 3-4 shows general areas where rooted aquatic macrophytes were most 

abundant within Split Lake at the time of the surveys. 

The presence and relative abundance (i.e., low, high density) of aquatic macrophytes was also noted in 

conjunction with sediment-dwelling macroinvertebrate and fish community studies conducted in 1997 

and 1998 to supplement the above information. 

Clark Lake was surveyed as part of the Keeyask environmental studies. 
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4A.2.2.2 Assean Lake 

Quantitative surveys of aquatic macrophytes were not undertaken in Assean Lake as part of the Keeyask 

environmental studies. The presence of aquatic macrophytes was noted in conjunction with sediment-

dwelling macroinvertebrate and fish community studies conducted in 2001, 2002, and 2004. 

4A.2.3 KEEYASK AREA 

4A.2.3.1 Aquatic Macrophyte Surveys 

Aquatic macrophyte abundance, species composition, and distribution (i.e., location of areas supporting 

rooted plants visible from the surface) was described during the 2001 boat-based aquatic habitat survey 

within the Keeyask area (Clark Lake to downstream of Gull Rapids). As aquatic plant distribution differs 

over time in response to inter-annual variation in water levels and other growing conditions, this 

information was supplemented with observations during the 2003 walking and the 2006 aerial surveys of 

the Nelson River between Birthday and Gull rapids to better delineate aquatic plant distribution. 

4A.2.3.1.1 2001 

Information on aquatic plant abundance, species composition, and distribution was recorded during the 

boat-based bathymetric and aquatic habitat mapping survey conducted from late July to late August, 

2001. Information was transcribed directly onto field maps, and included species composition and 

relative densities; plants were identified on-site. Distribution information was digitized into the GIS as 

polygons based on these observations (Map 4A-1). 

4A.2.3.1.2 2003 

Fifteen aquatic macrophyte beds were identified and mapped at 17 locations in the Nelson River between 

Birthday and Gull rapids (including Gull Lake) during late August, 2003. The average depths of these 

macrophyte beds ranged from 0.26 to 1.36 m. Aquatic macrophyte beds were mapped based on the 

abundance of macrophytes within a bed; individual plants or small groupings of plants were not mapped. 

A Trimble ProXR with a TSC1 datalogger for sub-metre accuracy was used to record data. Because 2003 

was a low water year, the perimeters of macrophyte beds were walked and depths were taken manually 

(with a metre stick) and recorded in metres. The data collected in the field was then downloaded into 

Trimble Pathfinder Office v2.90. Trimble Pathfinder point files were exported as ArcView Shape files 

and imported into ArcGIS®. Polygons were digitized and presented as maps displaying the location of 

the macrophyte beds (Map 4A-1). 

4A.2.3.1.3 2006 

An aerial survey was conducted between Birthday and Gull rapids in August 2006, and aquatic 

macrophyte bed locations were recorded on maps. Based on these observations, the edges of the plant 

beds were delineated and these polygons were digitized into the GIS using ArcGIS® (Map 4A-1). 
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4A.2.3.2 Aquatic Macrophyte Abundance and Composition 

Detailed sampling to describe aquatic plant abundance and composition at selected sites was conducted 

in 2001 and 2002 between Birthday and Gull rapids and in 2003 and 2004 for Clark Lake to Gull Rapids 

in conjunction with the plant-dwelling macroinvertebrate program (2001–2004) (Section 4A.4.3). 

4A.2.3.2.1 2001 and 2002 

Sampling Period and Locations 

Five areas were sampled in early September 2001 (14 sites total), and in late August 2002 (15 sites total), 

to describe aquatic plant abundance and composition (Map 4A-2): 

 Pahwaybanic Bay (Area 1), located approximately 8.2 kilometres (km) downstream of Birthday 

Rapids, off the mainstem of the Nelson River; 

 John Garson Bay (Area 2), located approximately 11.4 km upstream of Gull Rapids, off the 

mainstem of the Nelson River; 

 Kahpowinic Bay (Area 3), located approximately 15.5 km downstream of Birthday Rapids, off the 

mainstem of the Nelson River; 

 Tub Bay (Area 4), located approximately 4.6 km upstream of Gull Rapids, off the mainstem of the 

Nelson River; and 

 Gull Lake at Caribou Island (Area 5), located approximately 8.0 km upstream of Gull Rapids. 

Sample collection and field measurements 

Within each area, three sites were selected to represent specific aquatic habitats, including a shoreline site, 

a mid-bay site, and an outer-bay site; the exception was John Garson Bay where only two sites were 

sampled. Within each site, random locations with abundant aquatic vegetation and water depth no greater 

than 2 m were sampled in replicate; one sample was taken from the left side of the boat and one from the 

right. At each site, universal transverse Mercator (UTM) coordinates were taken with a navigation quality 

Global Positioning System (GPS) unit and water depth was measured using a weighted rope graduated to 

the nearest 0.10 m. 

Aquatic macrophytes and associated epiphytic invertebrates were collected with a custom designed 

sampler constructed of industrial acrylonitrile butadiene styrene (ABS) grade material. The frame 

measured 0.6 x 0.7 m in depth, 1.4 m in height, with a surface area of 0.42 m2, and had an attached 1.5 m 

cod-end. The sampler was placed into the water with the retractable cutter blade engaged and lowered to 

the bottom, disturbing the aquatic vegetation as little as possible. The cutter blade and attached cod-end 

were then pulled across the bottom of the sampler, severing the rooted macrophytes above the sediment 

surface. All plants and associated invertebrates were retained within the sampler. 

Once the sampler was pulled to the surface, macrophytes were thoroughly rinsed. Replicate samples were 

kept separated and macrophytes were put into labelled bags. The rinse water was sieved through a 

500 µm sieve to collect epiphytic invertebrates, which were then fixed in 10% formalin. Macrophyte 
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samples were frozen immediately and transported to North/South Consultants Inc. (NSC) laboratory 

(Winnipeg, MB) for further processing. 

Laboratory and Data Analysis 

In 2001 and 2002, macrophytes were thawed in the laboratory in cold water, identified to the lowest 

taxonomic group (usually genus or species), and sorted. Macrophyte samples were sorted and identified 

based on Fassett 1957, Scoggan 1978–1979, Johnson et al. 1995, and Flora of North America Editorial 

Committee 2000. Species level identification of certain aquatic macrophyte samples was difficult due to 

the time of year samples were collected (i.e., lack of flowering parts in early fall). Consequently, these 

macrophytes were sorted into groups with similar appearances, and are referred to as Potamogeton sp. 1, 

Potamogeton sp. 2, and Potamogeton sp. 3. Any macrophyte material that could not be identified was grouped 

as unidentified.  

The wet weight (g) of macrophyte samples was determined by weighing plant material in pre-weighed 

aluminum pans. Samples were subsequently dried in a Fisher Scientific Isotemp drying oven for 

approximately 24 hours (h) at a temperature of 106°C and a dry-weight (g) was determined for each plant 

group (g dry-weight/group). Dried samples were discarded. Aquatic macrophyte biomass (g dry-weight 

of group/m2) was determined using the following formula: dry-weight of group per sample (g) / surface 

area of sampler (0.42 m2). 

4A.2.3.2.2 2003 and 2004 

Sampling Period and Locations 

Aquatic macrophyte sampling was conducted in mid- to late August 2003, and mid-August in 2004, to 

describe aquatic plant abundance and composition (Map 4A-2 and Map 4A-3). 

Macrophyte beds in the Keeyask area were identified and stratified (shallow: 1.0–1.5 m; moderate: 1.5–

2.0 m; and, deep: 2.0–2.5 m) using bathymetric survey data collected in 2001 and aerial photos from 

08 July 2003. For ease of sampling, the study area was divided into eight areas and each area was then 

further divided into zones as follows: 

 Pahwaypanik Bay (Area 1: Zones 1 to 4);  

 John Garson Bay (Area 2: Zones 1 to 4);  

 Kahpowinik Bay (Area 3: Zones 1 to 4);  

 Tub Bay (Area 4: Zones 1 to 4);  

 Gull Lake – Caribou Island (Area 5: Zones East and West);  

 Gull Lake – John Kitch Bay (between Morris Point and John Kitchekeesik Point) (Area 6: Zones 

East and West);  

 Small bay to the east of Rabbit Creek (Area 7: Zones 1 to 4); and 

 Clark Lake (Area 8: Zones 1 to 4). 
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A set of random sampling sites were generated for each zone using the Random Point Generator utility 

in ArcGIS®. Three sites per zone were generated for the areas in Gull Lake (for a total of 12 sampling 

sites) and two sites per zone were generated for all other areas (for a total of 48 sites). These randomly 

generated sites were then mapped on a 1:15,000 scale digital ortho-imagery. Field crews used a handheld 

GPS unit to locate and sample the selected sites. 

In both study years, sampling was attempted at 60 sites. In 2003, nine of these sites could not be sampled 

due to low water levels, while four sites could not be sampled due to high water levels. Only 64% of the 

sites sampled contained macrophytes. In 2004, seven of these sites could not be sampled due to high 

water levels and only 60% of the sites sampled contained macrophytes. 

Sample Collection and Field Measurements 

All sampling locations were accessed by boat. Two subsamples were collected at each site: one off the 

port side of the boat (Sample A) and a second off the starboard side (Sample B). Water depth was 

measured at the port and starboard side of the boat with a weighted rope graduated to the nearest 0.10 m; 

an average depth was later calculated for each site. If aquatic macrophytes were found to be absent from 

a randomly pre-selected site, field crews measured water depth and noted the absence of plants. 

Aquatic macrophytes and associated epiphytic invertebrates were collected with a custom designed 

sampler constructed of industrial ABS grade material. The frame measured 0.6 x 0.7 m in depth, 1.4 m in 

height, with a surface area of 0.42 m2, and an attached 1.5 m, 400 µm mesh cod-end. The sampler is 

functional to water depths of less than 2.5 m. As a result, deeper sites were not sampled. To disturb the 

aquatic vegetation as little as possible, the sampler was lowered into the water with the cutter blade 

retracted until it reached the sediment. The cutter blade was then pulled across the bottom of the 

sampler, severing the rooted macrophytes above the sediment surface. All plants and associated 

invertebrates were retained within the sampler (Photo 4A-1). 

Once the sampler was pulled to the surface, macrophytes were removed by hand, placed in a Ziploc bag 

and a whole wet weight was taken (to the nearest gram) with a Kilotech PC 2000A digital scale. The 

macrophytes were then placed in a 500 µm mesh-bottom bucket with a 400 µm mesh-bottom bucket 

directly below it and rinsed thoroughly to remove epiphytic invertebrates. After rinsing, macrophyte 

samples were placed in a salad spinner and spun to remove excess moisture, placed in labelled Ziploc 

bags and weighed again. Any water collected from the spinning process was added to the rinse buckets to 

retain all invertebrates. Subsamples A and B were processed separately. Macrophyte samples were 

transported to the field laboratory, frozen and then transported to the NSC laboratory (Winnipeg, MB) 

for further processing. 

Due to low water levels in 2003, some sites were located in areas no longer wetted, or only partially 

wetted. Although these sites were dry or in very little water, some still contained aquatic plants. These 

plants were collected by placing the sampler over the plants and hand grabbing all vegetation contained 

within the area of the sampler. There were no duplicate samples taken at these hand-grabbed sites. 

Aquatic macrophyte data from these sites were not used to determine abundance and composition for 

the EIS; however, the presence of aquatic plant species contributed to the list of aquatic macrophyte taxa 

observed in the study area, 1997–2006. 
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Source: North/South Consultants Inc., 2004 

Photo 4A-1: Aquatic environmental studies team member with aquatic macrophyte 

sampler containing plants and associated macroinvertebrates 

Laboratory and Data Analysis 

Macrophytes were thawed in cold water and rinsed again using the 500 and 400 µm mesh-bottom buckets 

to collect any epiphytic invertebrates missed during field processing. Macrophytes were sorted under a 

3X desktop magnifier with lamp and identified to the lowest taxonomic group possible (usually genus or 

species). Macrophyte identification was based on Fassett (1957), Scoggan (1978–1979), Johnson et al. 

(1995), Flora of North America Editorial Committee (2000), Lahring (2003), and personal 

communications with J. Krindle (2002). Scientific names were updated according to the Integrated 

Taxonomic Information System (ITIS). Any macrophyte material that could not be identified was 

grouped as unidentified. 

In 2003, species level identification of certain aquatic macrophytes (genus Potamogeton) was difficult due to 

the late sampling period and the loss of flowering parts that aid in identification. Consequently, these 

macrophytes were sorted into groups of similar appearances and are referred to as Potamogeton spp. 
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The wet weight (g) of each macrophyte group was determined by weighing plant material in pre-weighed 

aluminum pans with a Mettler PM480 Delta Range digital scale to the nearest 0.001 g. Samples were 

subsequently dried in a Fisher Scientific Isotemp drying oven for approximately 24 h at a temperature of 

106°C, and a dry-weight (g) was determined for each macrophyte group. Dried samples were discarded 

once processed. Aquatic macrophyte biomass (g/m2) was determined by dividing the dry weight of the 

macrophyte group per sample (g) by the surface area of the sampler (0.42 m²). 

Subsamples (A and B) were averaged for each site, and this value was used in the calculations to 

determine percent composition and relative density of the aquatic plant community for each area as 

presented in the EIS. If aquatic macrophytes were absent from randomly pre-selected sites, these sites 

were not used for the EIS as these data were used for the purposes of describing the composition and 

relative density of the plant community where plants were present.  

4A.2.3.3 Drifting Aquatic Macrophyte Biomass and 

Composition 

Drift traps were used to sample extensive areas of rapids where sampling by other methods (e.g., dredge 

or air lift sampler) was otherwise not feasible due to logistical (e.g., water depths and water velocities too 

high for effective sampling) or safety concerns (i.e., high flows immediately upstream and downstream of 

Gull Rapids). Drifting aquatic plants and algae were sampled using drift traps at various locations selected 

along the Nelson River mainstem during the 2003 and 2004 open water seasons to gain an overall 

understanding of the spatial and temporal differences in abundance and distribution of biomass within 

the study area, and provide the basis for assessing potential changes in production from specific areas 

(i.e., Birthday Rapids, Gull Rapids, Stephens Lake) associated with the Project. 

4A.2.3.3.1 Sampling Period and Locations 

Drift traps were set in the Nelson River, upstream and downstream of Birthday Rapids, and upstream 

and downstream of Gull Rapids, between June and October in 2003 and 2004. 

Two types of drift nets were used: 1) surface set drift nets (floated at the surface of the water); and 2) 

bottom-set drift nets (set on the river bottom). Drift trap nets consisted of a 3 m long, 954 micrometre 

(μm) Nitex screen bag with a 43 centimetres (cm) by 85 cm opening that tapered into a 9 cm diameter 

removable ABS pipe cod-end. Weather permitting, drift traps were left in the water for 24 h. When 

possible, floating and bottom-set drift traps were set adjacent to each other at each sampling location. 

Drift traps were set at Birthday Rapids in July, August, and September, 2003, and in July and August, 

2004. Both a floating and a bottom-set trap were positioned at two locations immediately upstream of the 

rapids (sites A1-F, A1-S, A2-F, and A2-S) and immediately downstream of the rapids (sites B1-F, B1-S, 

B2-F, and B2-S) resulting in a total of eight traps (Map 4A-4). Four traps, two floating and two bottom-

set, were set at two locations upstream of Gull Rapids (sites C1-F, C1-S, C2-F, and C2-S), in July, August, 

and September 2003, and in July and August 2004, and downstream of Gull Rapids in Stephens Lake 

(sites D1-F, D1-S, D2-F, and D2-S) in June, July, August, September, and October 2003, and in July and 

September 2004 (Map 4A-4 and Map 4A-5). 
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4A.2.3.3.2 Sample Collection and Field Measurements 

The floating drift traps consisted of two 1.83 m (6 feet) long by 15.24 cm (6 ") diameter L-shaped ABS 

pontoons attached to each side of the opening of the drift trap with sideline (Photo 4A-2). Pontoons 

were attached to one another using two crossbars with one crossbar at each end of the pontoon; the 

opening of the drift trap was in line with the 90° angle of each of the pontoons, with the cod-end floating 

freely at the far end. Pontoons were anchored to the river bottom using either a king anchor or a cinder 

block to ensure the traps remained in position. Similar to the bottom-set traps, these floating traps were 

all positioned facing into the current. To retrieve the floating traps, the boat approached the crossbar at 

the end of the pontoons. With the boat continuing to move forward toward the pontoons, study team 

members grabbed the crossbar located at the end of the pontoons, and hauled both pontoons and the 

drift trap into the bow of the boat. 

 

Source: North/South Consultants Inc. 

Photo 4A-2: Floating drift trap set to quantify aquatic invertebrate and plant biomass in 

the study area  

The opening of each bottom-set drift trap was inserted into a metal frame weighing approximately 25 kg 

(55 pounds), which kept it anchored to the river bottom and open, facing the current (Photo 4A-3). 

These drift traps were set in either shallow (less than 1 m) or deep (greater than 1 m) water. For all sets in 

2003, and deep water sets in 2004, drift trap frames were attached to a large anchor that was tied to the 

lower edge of the frame by approximately 20 m of sideline and two large floats were tied through two 

loops on either side of the metal drift trap frame with at least 10 m of excess line, depending on the 

depth of the drift trap. For shallow water sets in 2004, drift net frames were anchored to shore with 
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approximately 5 m of rope tied to the lower edge of the drift net frame; to retrieve the drift net, the rope 

attached to shore was pulled in, and the contents of the drift net were emptied. To retrieve bottom-set 

drift traps (all sets in 2003 and deep water sets in 2004), a boat was positioned near the floats attached to 

either side of the drift trap frame. Each float was then grabbed by a study team member and the lines 

were pulled into the boat simultaneously. As the lines were retrieved, the frame rose upward and pivoted 

on the anchor. Once at the surface, the drift trap frame was placed on the bow of the boat and contents 

of the Nitex screen bag were washed towards the cod-end. The ABS cod-end container was emptied into 

sample jars and rinsed at least once before the drift trap was reset. 

 

Source: North/South Consultants Inc. 

Photo 4A-3: Bottom-set drift trap set to quantify aquatic invertebrate and plant 

biomass in the study area  

To estimate the volume of water travelling through each drift trap, water velocity was measured with a 

Model 1210, Price Type „AA‟ Current Meter. The Price Meter consists of a bucket-wheel mounted on a 

vertical axis which revolves when suspended in flowing water. Audible sounds are used to count the 
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number of revolutions per second, which were converted to metres/second. The Price Meter was 

weighted and bracket-mounted to the bow of the boat and lowered with a pulley, airline cable, and 

integrated winch system. In 2004 only, water velocities were not taken at a number of drift trap locations 

downstream of Gull Rapids; data for sites without water velocity data were described qualitatively and 

were not included in quantitative analyses. 

The location of each velocity reading was recorded geospatially with the use of a hand-held GPS unit. 

Water depths were measured at each drift trap location using a weighted metred rope. 

HOBO® Water Temperature Pro data loggers (tidbit thermometers) were used to record water 

temperature in the Nelson River at two locations in 2003 (Gull Lake, downstream of Birthday Rapids, 

and at Stephens Lake, downstream of Gull Rapids) and three in 2004 (downstream of Birthday Rapids, 

upstream of Gull Rapids, and in Stephens Lake downstream of Gull Rapids). Each tidbit thermometer 

was set at a depth of approximately 3–5 m below the water surface and recorded water temperature 

(± 0.1°C) at 6-hour intervals daily from 28 May-04 October 2003, in Gull Lake, 28 May-14 October 

2003, in Stephens Lake, 14 June-17 October 2004, downstream of Birthday Rapids, 16 June-18 October 

2004, upstream of Gull Rapids, and 10 June-19 October 2004, in Stephens Lake. 

4A.2.3.3.3 Laboratory and Data Analysis 

Drift net contents were transferred into sample jars, fixed in 10% formalin, and shipped to the NSC 

laboratory (Winnipeg, MB) for processing. In the laboratory, all samples were sieved using a 355 µm 

mesh, rinsed with water, and sorted under a 3X desktop magnifier with lamp. Samples were sorted and 

identified in their entirety for lake sturgeon and lake sturgeon eggs. Following this initial sort, samples 

were sub-sampled, when necessary, using a Folsom plankton splitter with a 4 litre capacity and twin „boat‟ 

receptacles. Samples were then sorted for larval fish and fish eggs, macrophytes, and invertebrates. All 

macrophytes were grouped and identified to genus and species, when possible. Scientific names used 

follow the ITIS classification. Sample processing, taxonomy, and quality assurance were completed in 

accordance with NSC procedures (Section 4A.5). Aquatic plant samples were dried in a Fisher Scientific 

Isotemp® drying oven for approximately 24 h at 106°C. Dry weight (g) was determined by weighing each 

plant group in pre-weighed aluminum pans with a Mettler PM480 Delta Range® digital scale to the 

nearest 0.001 g. Dried samples were discarded once processed. Plant biomass was calculated with the 

formula: [dry weight of plant (mg) x 100] divided by [time (seconds) x drift trap height (metres) x drift trap 

width (metres) x water velocity (metres/second)]. 
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4A.2.4 STEPHENS LAKE AREA 

4A.2.4.1 Aquatic Macrophyte Surveys 

Areas of Stephens Lake that were historically inundated (habitats flooded by the Kettle dam at the first 

full supply level attained first in 1971) were surveyed more intensively in 2005 and 2006, years with higher 

than average water levels, to describe the existing aquatic habitat in previously flooded areas and assist in 

the development of a predictive aquatic macrophyte model to support the impact assessment for the 

future reservoir. Species composition, abundance and distribution of vascular macrophytes and the 

variables that influence habitat preference (i.e., water depth, slope, and substratum) were extensively 

documented to support model development (Cooley and Dolce 2008). Aquatic macrophyte beds were 

not delineated as they were for Clark Lake and the Keeyask area and, as such, the description of plant bed 

distribution throughout Stephens Lake is qualitative and based on field observations. 

4A.2.4.1.1 Aerial Survey 

An aerial survey was conducted in late July 2005, along the western shoreline of Stephens Lake to 

determine macrophyte bed locations and to direct the subsequent boat-based sampling program. Aerial 

video was captured along 72 km of shoreline using a GPS linked system (Red Hen Systems Inc., Fort 

Collins, Colorado) mounted on a Bell Jet Ranger helicopter. Aerial frame surveys were conducted at 

about 100 m above the lake surface. The locations of the macrophyte beds were recorded on maps. 

4A.2.4.1.2 Boat-Based Survey 

From late July to early August, 2005, 525 sites were visited by boat in the vicinity of Ross Wright and 

O‟Neil bays in Stephens Lake and presence/absence macrophyte data and aquatic habitat information 

were collected (Cooley and Dolce 2008). Macrophyte species were identified and at each location water 

depth, bottom slope, and substratum type were recorded. Water depth (± 5 cm) was measured at the 

center of each plant stand using an incremented 5 m aluminium probe. Slope of the substratum was 

determined using the change in depth over a known distance using the aluminium probe, or a scientific-

grade vertical echosounder operating at 50 kilohertz (Quester Tangent Corporation), coupled with 

Trimble Pro XR differential (sub-metre) GPS. Substratum type at the location of the macrophyte bed was 

classified based on texture or compaction with the probe, and/or with a „Petit‟ Ponar dredge (bottom 

dredge sampler).  

In early August 2006, sampling was directed to areas where plants were recorded as absent in 2005. 

Information from the first field survey was used to locate areas where plants were absent and boat-based 

sampling was used to collect depth, slope, and substratum information. Effort was stratified within the 

preferred water depth range observed in 2005, as well as above and below this depth range. 
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4A.2.4.2 Aquatic Macrophyte Abundance and Composition 

Quantitative surveys of aquatic macrophyte abundance and composition were undertaken in 2005 and 

2006 (Map 4A-6). In late July, 2005, macrophyte samples were collected at 22 of the 525 habitat sites in 

the vicinity of Ross Wright and O‟Neil bays and processed for further analysis at NSC (Winnipeg, MB). 

All sites visited in 2005 were chosen randomly from the sample of sites known to have macrophytes 

present with the intent to provide a relatively large sample. In early August 2006, seven sites were 

sampled within the same area as 2005. Sites visited in 2006 were chosen by a stratified random sampling 

design so that half the sample sites were located in areas where plants were not observed during the 2005 

helicopter survey. This method was employed to verify that aerial and boat-based observations were in 

agreement at sites where macrophytes were recorded as absent from the helicopter. 

Sample collection and field measurements, and laboratory and data analysis were conducted as for the 

Keeyask area in 2003 and 2004. The only difference in methods was that rinse water was sieved through a 

400 µm sieve only. 

4A.2.4.3 Drifting Aquatic Macrophyte Biomass and 

Composition 

Drift traps were used to sample extensive areas of rapids where sampling by other methods (e.g., dredge 

or air lift sampler) was otherwise not feasible due to logistical (e.g., water depths and water velocities too 

high for effective sampling) or safety concerns (i.e., high flows immediately upstream and downstream of 

Gull Rapids). Drifting aquatic plants and algae were sampled using drift traps at various locations selected 

along the Nelson River mainstem during the 2003 and 2004 open water seasons to gain an overall 

understanding of the spatial and temporal differences in abundance and distribution of biomass within 

the study area, and provide the basis for assessing potential changes in production from specific areas 

(i.e., Birthday Rapids, Gull Rapids) associated with the Project. 

Drift traps were set downstream of the Kettle GS, in the Long Spruce reservoir, in July, August, and 

September 2003, and in late June, July, and September 2004. Four traps, two floating and two bottom-set 

drift traps were set at two locations in each study year (Map 4A-5). 

Sample collection and field measurements, and laboratory and data analysis were conducted as for the 

Keeyask area in 2003 and 2004. As for locations downstream of Gull Rapids in 2004, water velocities 

were not taken at a number of drift trap locations downstream of the Kettle GS; data for sites without 

water velocity data were described qualitatively and were not included in quantitative analyses. 

4A.2.5 ACCESS ROAD AREA 

Field sampling was conducted by a two-person crew to assess the quality of fish habitat in streams 

crossed by the proposed access road in October 2004 (Map 1-4). For each stream crossed by the 

proposed access road, a reach extending approximately 100 m upstream and 200 m downstream of the 
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proposed right-of-way (ROW) was assessed. Fish habitat characteristics including stream cover were 

recorded. 

Cover was classified as the total percent of wetted stream area that consisted of cover to the nearest 5% 

including deep pool, large organic debris, boulder, in-stream vegetation (i.e., aquatic plants), over-stream 

vegetation, and cut-bank. 

Aquatic plant abundance, composition, and distribution (other than percent-cover) were not assessed 

during the October 2004 stream habitat assessment. 

4A.2.6 DATA PRESENTATION 

Aquatic macrophyte abundance, community composition, and distribution data from 2001–2006 study 

programs are presented in Dolce and Sotiropoulos (2004a, 2004b), Gill (2007a, 2007b), Burt and Dolce 

(2008), Cooley and Dolce (2008), Dolce and Burt (2008), and Mazur and Savard (2008). 

4A.3 ZOOPLANKTON METHODS 

4A.3.1 ZOOPLANKTON COMMUNITY VARIABLES 

Zooplankton community abundance, composition, and distribution were measured in study area lakes to 

address potential effects of the Keeyask GS on the aquatic environment. 

Zooplankton (e.g., Cladocera, Copepoda) are very small animals without backbones (invertebrates) living 

in the water column and are consumed by larval, juvenile, and adult (e.g., cisco) fish. The availability and 

quality of food (e.g., amount and kinds of phytoplankton), the number of predators (e.g., other 

invertebrates, fish), and water residence time affect the abundance of zooplankton; in rapidly flushed 

lakes and rivers little zooplankton biomass accumulates except in areas where there is little water 

movement. 

4A.3.2 ZOOPLANKTON COLLECTION AND ANALYSIS 

Samples for the identification and enumeration of zooplankton were collected in conjunction with the 

water quality sampling program. In the open water season, zooplankton abundance and species 

composition were assessed at the following lake sites in the Keeyask area (Section 2.0, Map 2-2): 

 15 sites in 2001: eight sites in Split Lake (Sp.L.-1, Sp.L.-2, Sp.L.-3, Sp.L.-4, Sp.L.-5, Sp.L.-6, Sp.L.-7, 

and Sp.L.-8); one site in Clark Lake (C.L.-1); two sites in Assean Lake (A.L.-1 and A.L.-2); two sites 

in Gull Lake (G.L.-1 and G.L.-2); and two sites in Stephens Lake (St.L.-1 and St.L.-2); and 

 13 sites in 2002: six sites in Split Lake (Sp.L.-3, Sp.L.-4, Sp.L.-5, Sp.L.-6, Sp.L.-7, and Sp.L.-8); one 

site in Clark Lake (C.L.-1); two sites in Assean Lake (A.L.-1 and A.L.-2); two sites in Gull Lake 

(G.L.-1 and G.L.-2); and two sites in Stephens Lake (St.L.-1 and St.L.-2). 
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As zooplankton abundance and community composition can vary during the season due to changes in 

environmental conditions (e.g., water temperature, availability, and quality of food) sampling was 

conducted during four sampling periods (early to mid-June, early to mid-July, mid- to late August, and 

mid-September to early October) with the exception of sites Sp.L.-1, Sp.L.-2, and Sp.L.-5, which were 

only sampled in early June 2001, and sites Sp.L.-8 and C.L.-1, which were only sampled in June, July, and 

August 2002. 

Samples were collected at both standing water (i.e., secluded bays that remain relatively isolated from the 

flow in the Nelson River) and flowing water („mainstem‟) sites in the lakes investigated, as the abundance 

of zooplankton is closely related to water residence time. 

In 2001, zooplankton were collected in vertical, bottom to surface tows with a 63 µm mesh, 0.25 m 

diameter, 1.00 m long conical net during the first three sampling periods, and a 63 µm mesh, 0.22 m 

diameter, 1.30 m long conical net in the fourth sampling period. In 2002, zooplankton were collected in 

vertical, bottom to surface tows with a 63 m mesh, 0.22 m diameter, 1.3 m long conical net during all 

four sampling periods. In both years, the net, weighted with a PVC cod-end (collecting cup), was lowered 

to the bottom and then slowly retrieved by hand. Upon removal from the water, captured zooplankton 

were rinsed from the net into the cod-end, washed into a labelled jar, and fixed in 10% formalin. Depth 

and number of tows were recorded to permit estimation of the total volume of water filtered for each 

sample. Samples were transported to the laboratory at NSC (Winnipeg, MB) and transferred to 70% 

ethanol for storage. 

Zooplankton were identified to species using standard references, including Edmondson (1959), Pennak 

(1978), Smith and Fernando (1978), and Balcer et al. (1984). Cladocera were identified to species and 

enumerated. Copepoda were counted as Cyclopoida and Calanoida copepodites, and Cyclopoida and 

Calanoida adults; only adults were identified to species. When possible, at least 200 individuals were 

counted in each sample. Large samples were sub-sampled depending on the density of organisms in each 

sample. Larger and/or relatively rare specimens were enumerated for the entire sample prior to sub-

sampling. 

An estimate of density of each taxon captured in each tow was calculated as the number of individuals 

per cubic metre of water filtered (individuals/m3). Volume of water filtered was calculated by multiplying 

the net mouth area by the water column depth for each vertical tow conducted. Depth of the tow was 

adjusted to account for the length of the net as the net mouth did not reach the lake bottom, i.e., depth of 

the tow was equal to the total water column depth minus the length of the net. All filtered volumes were 

considered estimates, however, due to the assumption that each tow filtered either a perfectly vertical 

cylinder of water, or filtered water at an exact observed angle. 

4A.3.3 DATA PRESENTATION 

Zooplankton community composition and abundance data from 2001 and 2002 study programs are 

presented in Juliano and Zrum (2003, 2004). 
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4A.4 AQUATIC MACROINVERTEBRATE 

METHODS 

4A.4.1 AQUATIC MACROINVERTEBRATE COMMUNITY 

VARIABLES 

The aquatic macroinvertebrate field program consisted of a number of components with the overall 

objective being to provide a habitat-based description of macroinvertebrate communities (sediment-

dwelling, plant-dwelling, and drifting) in terms of abundance, composition, and distribution within study 

area waterbodies. Detailed methods for each of the macroinvertebrate field programs are provided below. 

4A.4.2 SEDIMENT-DWELLING 

MACROINVERTEBRATES 

Detailed sampling to describe the habitat-based abundance, composition and distribution of sediment-

dwelling aquatic macroinvertebrates in the study area waterbodies was conducted between 1997 and 

2006. 

4A.4.2.1 Sampling Period and Locations 

Sediment-dwelling macroinvertebrates were collected during both the open water and ice-covered 

seasons in the Split Lake area (Map 4A-7), the Keeyask area (Map 4A-8), and the Stephens Lake area 

(Map 4A-9). The number and type of macroinvertebrates in a lake continually fluctuate during the 

summer months as organisms reproduce and as some (particularly aquatic insects) periodically mature 

and emerge from the water as adults. However, populations tend to be more stable in fall and winter 

months permitting the population to be better represented by samples collected during these time 

periods. 

Sediment-dwelling macroinvertebrate sampling was conducted in the fall (September-October) at the 

following locations: 

 Nine sites in 1999: two transects with three sites each on Gull Lake; two sites on the Nelson River 

between Birthday and Gull rapids; and one site on the Nelson River between Gull Lake and Gull 

Rapids; 

 Twenty-one sites in 2000 (as part of York Factory First Nation and Manitoba Hydro program): two 

transects with three sites each near the mouth of the Aiken River; three transects with three sites 

each off the Aiken River near the main body of Split Lake; and two transects with three sites each 

equidistance between the transects near the mouth of the Aiken River and the transects near the 

main body of Split Lake; 
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 Seventy-nine sites in 2001: 11 sites on Split Lake; nine sites on Split Lake in the York Landing Arm; 

eight sites on Clark Lake; 13 sites on Assean Lake; 17 sites on Gull Lake; and 21 sites on Stephens 

Lake; 

 One hundred and two sites in 2002: 11 sites on Split Lake; 17 sites on Split Lake at York Landing 

Arm; eight sites on Clark Lake; 17 sites on Assean Lake; 26 sites on Gull Lake; and 31 sites on 

Stephens Lake; 

 Fifty-one sites in 2004: four sites on Clark Lake; four sites on Assean Lake; nine sites on Gull Lake; 

10 sites on Stephens Lake; and three sites at each of five stream crossings along the access road 

ROW (Map 1-4); and 

 Thirty sites in 2006: 15 sites in each of Ross Wright and O‟Neil bays in Stephens Lake. 

During the ice-covered season (January-March), samples were collected at the following locations: 

 Twenty-nine sites in 1997 (as part of TEMA program): 29 sites on Split Lake; 

 Forty-one sites in 1998 (as part of TEMA program): 41 sites on Split Lake;  

 Twenty-six sites in 2001: 15 sites on Split Lake and 11 sites on Assean Lake; and 

 Twenty-six in 2002: 15 sites on Split Lake and 11 sites on Assean Lake. 

4A.4.2.2 Sample Collection and Field Measurements 

The distribution of sediment-dwelling macroinvertebrates within a waterbody can be highly variable and 

abundance can vary even among similar habitat types. Therefore, to achieve a better estimate of overall 

composition and abundance, and to facilitate inter-annual comparisons, sampling areas were chosen to 

encompass the range of conditions within each study area waterbody (i.e., shallower and deeper water 

areas, areas with and without water movement, areas with mineral- or organic-based substrata, areas with 

and without aquatic macrophytes). 

A hand-held navigational GPS was used to determine UTM co-ordinates at sites. Access to all sampling 

locations was by boat during the open water season and by snowmobile with sleds during the ice-covered 

season. 

With the exception of the 2004 samples collected at stream crossings along the access road ROW, 

samples were collected using a „tall‟ Ekman dredge (0.023 m2 opening) with attached lead weights. 

Generally, four dredge samples were taken at each site to determine within-site organism variability. 

During the open water season, replicate samples were separated spatially around the boat (i.e., port, 

starboard, bow, and stern) to ensure that sampling disturbances from one dredge did not affect another 

sample (Photo 4A-4). Each Ekman sample was retrieved to the surface and carefully sieved through a 

500 µm mesh rinsing bag or bucket on-site (Photo 4A-5). Invertebrates retained by the screen were 

transferred to plastic jars and fixed with 10% formalin. Fixed samples were shipped to the NSC 

laboratory (Winnipeg, MB) for processing. Total water depth and water transparency measurements were 

also made at each sampling site. Water depth was measured with a weighted metred rope and water 
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transparency was measured using a Secchi disk; a metal disc coloured white and black for contrast. The 

average of the depth below the water surface at which point the disc would disappear on lowering and 

reappear on raising was recorded. 

 

Source: North/South Consultants Inc., 2009 

Photo 4A-4: Sampling of sediment-dwelling macroinvertebrates from a boat using a 

Ponar dredge 
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Source: North/South Consultants Inc., 2000 

Photo 4A-5: A sieved sample from an Ekman dredge  

During the ice-cover season access to water at sampling sites was through holes drilled with a gas-

powered ice auger. A separate 30 cm diameter hole was drilled for each Ekman sample. To ensure that 

sampling disturbances in one hole did not affect another, each hole was not less than 1 m apart from 

another and all holes were within a 3 m radius at each site. Water depth was measured at each sampling 

site with a weighted, metred rope (accurate within ± 0.1 m). Ice thickness and relative water velocity were 

determined at a subset of sites. Ice thickness was measured with a metre stick that had a metal flange 

fastened to one end (accurate within ±0.1 m).The sample was retrieved to the surface of the ice and 

carefully placed in a plastic bag (Photo 4A-6). The Ekman samples were placed in a cooler to avoid or 

limit freezing and then processed the same day. Each Ekman was carefully sieved through a 500 µm 

mesh rinsing bag and invertebrates retained by the screen were transferred to plastic jars and fixed with 

10% formalin. Fixed samples were shipped to the NSC laboratory (Winnipeg, MB) for processing.  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 4: LOWER TROPHIC LEVELS  4A-21 

 

Source: North/South Consultants Inc., 2001 

Photo 4A-6: Aquatic environmental studies team members on the ice placing a 

retrieved sample from the Ekman dredge into a plastic bag 

In winter of 1997 and 1998 water velocity was measured at selected sites using a Model 622, Price Type 

„AA‟ Current Meter at 60 to 80% of the water depth. Relative water velocity was estimated in the field 

during all other years, with the exception of 2000 and 2006, according to the following criteria: 

 LOW – sample collection possible, sampling equipment reaches the bottom sediment with minimal 

or no angle; 

 MED – sample collection possible, sampling equipment pulled by water current and reaches the 

bottom sediment at an angle; or 

 HIGH – sample collection not possible. 

An additional Ekman sample was taken at each site and sub-sampled with a 5 cm diameter core tube 

(0.002 m2 surface area) to provide a sample of approximately 100 mL of sediment. These sediment sub-

samples were frozen and sent to the laboratory at NSC (Winnipeg, MB) for organic content and particle 

size analyses. 

The aquatic invertebrate community was sampled near the proposed access road ROW during the 

October 2004, sampling period. Beginning at the downstream end of the reach, working upstream, 

aquatic invertebrates were collected in each reach of all stream crossings using a D-ring kick net with a 

0.5 m x 0.5 m opening and 500 µm mesh. Samples were collected by placing the kick net on the bottom 

of the stream with the opening facing upstream and kicking the substratum upstream of the kick net, 

allowing the water to carry the debris including aquatic invertebrates into the net. Three samples were 

collected per stream crossing; one at the centreline reach and one each at the upstream and downstream 
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extent of the broad area reach. Samples were fixed in 10% formalin and shipped to the NSC laboratory 

(Winnipeg, MB) for identification of invertebrates. 

4A.4.2.3 Laboratory and Data Analysis 

In Winnipeg, samples were rinsed with water, transferred to 70% ethanol, stained with Rose Bengal to 

facilitate removal of organisms, and sorted under a 3X desktop magnifier with lamp. Invertebrates were 

identified to major group (subclass, order, or family) and quantified by an invertebrate taxonomist for all 

samples except those collected along the access road ROW where samples were analyzed for 

presence/absence only. A Leica Mz125 microscope (maximum 100X magnification) and reference texts 

from Merritt and Cummins (1996), Peckarsky et al. (1990), and Clifford (1991) were used for 

identification. Scientific names used followed the ITIS classification. Sample processing, taxonomy, and 

quality assurance were completed in accordance with NSC procedures (Section 4A.5). 

Abundance of benthic invertebrates was calculated by dividing the total number of invertebrates per 

sample by the area of the sampler (0.023 m2). In addition, the total number of taxa was determined by 

identifying groups to the lowest practical taxonomic level as presented in the table below: 

 

Phylum, Subphylum or Class Major Group 
Taxonomic Level of 

Identification 

Annelida Oligochaeta; Hirudinea Subclass 

Crustacea Ostracoda Class 

 Amphipoda Family 

 Diplostraca Order 

Arachnida Acari Subclass 

 Araneae Order 

Mollusca Bivalvia; Gastropoda Family 

Platyhelminthes - Phylum 

Insecta Megaloptera; Odonata; Coleoptera; Hemiptera; 

Ephemeroptera; Trichoptera; Plecoptera; Diptera 

(excluding Chironomidae) 

Family 

 Chironomidae Subfamily 

 

Total organic content was determined from the sediment samples by weight loss after sample 

combustion at 500ºC for 12 h (“ashing”). Particle size analysis was done according to the procedures for 

silty sediments outlined in Holme and McIntyre (1984). These data were used to supplement substrata 

information (i.e., the quantification of bottom substrata types) obtained during aquatic habitat surveys 

(Section 3.0). 
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4A.4.3 PLANT-DWELLING MACROINVERTEBRATES 

Detailed sampling to describe the habitat-based abundance, composition and distribution of plant-

dwelling aquatic macroinvertebrates (epiphytic invertebrates) was conducted in 2001 and 2002 between 

Birthday and Gull rapids, in 2003 and 2004 for Clark Lake to Gull Rapids, and in 2005 and 2006 in 

Stephens Lake in conjunction with the aquatic macrophyte abundance and composition program in the 

study area waterbodies (2001–2006).  

4A.4.3.1 2001 and 2002 

Sampling period and locations, sample collection and field measurements, and laboratory and data 

analysis in 2001 and 2002 were the same as for Section 4A.2.3.2.1 (Map 4A-2); details specific to the 

plant-dwelling macroinvertebrate samples follow. 

In the laboratory, epiphytic invertebrate samples were transferred to 70% ethanol, sorted under a 3X 

desktop magnifier with lamp, identified to major groups, and enumerated. Any remaining invertebrates 

found on macrophytes in the lab that were not initially rinsed off in the field were included in the 

analysis. Epiphytic invertebrate abundance (individuals/m2) was determined using the following formula: 

individuals per sample / surface area of sampler (0.42 m2). 

4A.4.3.2 2003 and 2004 

Sampling period and locations, sample collection and field measurements, and laboratory and data 

analysis in 2003 and 2004 were the same as for Section 4A.2.3.2.2 (Map 4A-2 and Map 4A-3); details 

specific to the plant-dwelling macroinvertebrate samples follow. 

Epiphytic invertebrate samples were sorted under a 3X desktop magnifier with lamp and invertebrates 

were transferred to 70% ethanol. Any remaining invertebrates found on macrophytes in the laboratory 

that were not initially rinsed and placed into bottles in the field were included in the analysis. 

Invertebrates were identified to major group using a Leica Mz125 microscope (maximum 100X 

magnification) and enumerated with reference texts by Clifford (1991), McCafferty (1998), and Merritt 

and Cummins (1996). Scientific names used followed the ITIS classification. Sample processing, 

taxonomy, and quality assurance were completed in accordance with NSC procedures (Section 4A.5). 

Epiphytic invertebrate abundance (individuals/m2) was calculated by dividing the number of 

invertebrates per sample by the surface area of the sampler (0.42 m2). To determine total number of taxa 

in 2003, epiphytic invertebrate groups were identified to the lowest practical taxonomic level as presented 

in the following table: 
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Phylum, Subphylum or Class Major Group 
Taxonomic Level of 

Identification 

Annelida Oligochaeta; Hirudinea Subclass 

Crustacea Ostracoda Class 

- all other Crustacea Order 

Arachnida Acari Subclass 

Mollusca Bivalvia Family 

Gastropoda Class 

Hydrozoa - Class 

Insecta Odonata; Coleoptera; Hemiptera; Ephemeroptera; 

Trichoptera; Diptera 

Family 

 

In 2004, epiphytic invertebrate groups were identified to the lowest practical taxonomic level as presented 

in the following table: 

Phylum, Subphylum or 

Class 
Major Group 

Taxonomic Level of 

Identification 

Annelida Oligochaeta; Hirudinea Subclass 

Crustacea Ostracoda Class 

Amphipoda Family 

Arachnida Acari Subclass 

Mollusca Bivalvia Family 

Gastropoda Family 

Hydrozoa - Class 

Insecta Coleoptera; Hemiptera; Ephemeroptera; Trichoptera; 

Diptera 

Family 

Chironomidae Subfamily 

 

The double sieving method allowed for a comparison of catch efficiency between mesh sizes. The 

500 µm mesh retained between 56.1 and 87.1% of the total invertebrates captured in samples. 

Chironomidae and Oligochaeta accounted for the majority of invertebrates that passed through the 

500 µm mesh and were retained by the 400 µm mesh. The invertebrate fraction retained by the 500 µm 

mesh only was used as the data for the EIS to be directly comparable to the methods employed for the 

sediment-dwelling macroinvertebrate samples collected. 
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4A.4.3.3 2005 and 2006 

Sampling period and locations, sample collection and field measurements, and laboratory and data 

analysis in 2005 and 2006 were the same as for Section 4A.2.4.2 (Map 4A-6); details specific to the plant-

dwelling macroinvertebrate samples follow. 

Epiphytic invertebrate samples were sorted under a 3X desktop magnifier with lamp and invertebrates 

were transferred to 70% ethanol. Any remaining invertebrates found on macrophytes in the laboratory 

that were not initially rinsed and placed into bottles in the field were included in the analysis. 

Invertebrates were identified to major group using a Leica Mz125 microscope (maximum 100X 

magnification) and enumerated with reference texts by Clifford (1991), McCafferty (1998), and Merritt 

and Cummins (1996). Scientific names used followed the ITIS classification. Sample processing, 

taxonomy, and quality assurance were completed in accordance with NSC procedures (Section 4A.5). 

Epiphytic invertebrate abundance (individuals/m2) was calculated by dividing the number of 

invertebrates per sample by the surface area of the sampler (0.42 m2). To determine total number of taxa, 

epiphytic invertebrate groups were identified to the lowest practical taxonomic level as presented in the 

following table: 

Phylum, Subphylum or Class Major Group 
Taxonomic Level of 

Identification 

Annelida Oligochaeta; Hirudinea Subclass 

Crustacea Ostracoda Class 

- all other Crustacea Order 

Arachnida Acari Subclass 

Mollusca Bivalvia Family 

Gastropoda Class 

Hydrozoa - Class 

Insecta Megaloptera; Odonata; Coleoptera; Hemiptera; 

Ephemeroptera; Trichoptera; Diptera 

Family 

 

Rinse water was sieved through a 400 µm sieve only. These data were compared to those from the 

500 µm sieve fraction collected for the sediment-dwelling macroinvertebrate program in Stephens Lake. 

Based on information collected in the Keeyask area in 2003 and 2004, it is recognized that chironomids 

and oligochaetes may be proportionately over-represented in the plant-dwelling samples in comparison to 

those collected to describe the sediment-dwelling community in the same type of habitat. 
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4A.4.4 DRIFTING MACROINVERTEBRATES 

Drift traps were used to sample tributaries and extensive areas of rapids where sampling by other 

methods (e.g., dredge or air lift sampler) was otherwise not feasible due to logistical (e.g., water depths and 

water velocities too high for effective sampling) or safety concerns (i.e., high flows immediately upstream 

and downstream of Gull Rapids). Drifting macroinvertebrates were sampled using drift traps at various 

locations selected along the Nelson River during the 2001 to 2004 open water seasons to gain an overall 

understanding of the spatial and temporal differences in abundance and distribution of biomass within 

the Keeyask area, and provide the basis for assessing potential changes in production from specific areas 

(i.e., Birthday Rapids, Gull Rapids) associated with the Project.  

4A.4.4.1 2001 and 2002 

Invertebrate drift sampling was conducted between 23 May and 08 July 2001, and 15 June and 20 July 

2002, at various locations selected to represent current conditions within the study area. Sampling 

locations included the Nelson River mainstem between Birthday and Gull rapids, the Nelson River 

mainstem between Gull Rapids and Stephens Lake, and tributaries of the Nelson River between Clark 

Lake and Gull Rapids, including Assean River, and Nap, Portage, and Two Goose creeks (Map 4A-4, 

Map 4A-5 and Map 4A-10). 

As part of a lake sturgeon fisheries investigation in the study area, six drift traps, set in the reach of the 

Nelson River mainstem between Birthday and Gull rapids 24 June-08 July 2001, and 25 June-20 July 

2002, and five drift traps, set at the base of Gull Rapids in Stephens Lake between 19 June and 08 July 

2001, and between 28 June and 20 July 2002, were sampled for drifting invertebrates. 

Two drift traps were set in the Assean River, located approximately 7 km upstream of Clark Lake. The 

traps were set between 27 May and 24 June 2001, and between 15 June and 12 July 2002, approximately 

100 m downstream from the first series of rapids. 

In each of Nap, Portage, and Two Goose creeks, individual drift traps were set to sample drifting 

invertebrates from 27 May to 24 June 2001, and from 15 June to 20 July 2002. Drift traps were set in fast 

flowing areas approximately 30 m, 90 m, and 150 m from the mouths of the creeks, respectively. 

Physical characteristics were measured at each drifting invertebrate sampling site in the Nelson River 

mainstem though not in the Nelson River tributaries. Physical characteristics included water depth, 

relative water velocity, and substrate composition and compaction. Water depth was measured using a 

staff gauge (± 1 cm) or weighted metred rope. Relative water velocity was estimated in the field as low, 

medium, or high. Substratum composition and compaction were qualitatively assessed at the time drift 

nets were installed. 

Drift samples were collected from the Nelson River mainstem and Stephens Lake using „large‟ drift nets 

(43 x 85 cm opening; 3 m length; 954 μm Nitex mesh). Traps were anchored to the river bottom and 

oriented directly into the current. Contents of the drift nets, set over 24-hour periods, were collected 

weekly between 19 June and 08 July 2001, and between 25 June and 20 July 2002. 
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Within the tributaries of the Nelson River between Clark Lake and Gull Rapids „small‟ drift nets  

(15 x 15 cm opening; 1 m length; 500 µm Nitex mesh) were deployed to collect drifting invertebrates. 

Traps were oriented directly into the current with the mouth of the trap positioned approximately 10 cm 

below the surface of the water. As water levels receded, traps were moved to areas of higher water 

velocity and suitable depth in order to maximize the efficiency of the trap. Contents of the drift nets, set 

over 24-hour periods, were collected weekly between 27 May and 24 June 2001, and between 15 June and 

20 July 2002. 

All drift samples were fixed using 10% formalin and shipped to the NSC laboratory (Winnipeg, MB) for 

processing. In the laboratory, samples were rinsed with water, transferred to 70% ethanol, stained with 

Rose Bengal to facilitate removal of organisms, and sorted under a 3X desktop magnifier with lamp. 

Aquatic invertebrates were identified to major group (i.e., subclass, order, or family) and their 

presence/absence recorded. All samples were retained and archived at NSC should further analyses be 

required. 

4A.4.4.2 2003 and 2004 

Sampling period and locations, sample collection and field measurements, and laboratory and data 

analysis in 2003 and 2004 were the same as for Section 4A.2.3.3 and Section 4A.2.4.3 (Map 4A-4 and 

Map 4A-5); details specific to the drifting macroinvertebrate samples follow. 

Drifting invertebrates were enumerated and identified to major group (i.e., subclass, order, or family) 

using a Leica Mz125 microscope (maximum 100X magnification). Scientific names used follow the ITIS 

classification. All fish and invertebrate samples were stored in 70% ethanol and are retained at NSC 

should further analysis be required. Sample processing, taxonomy, and quality assurance were completed 

in accordance with NSC procedures (Section 4A.5). Invertebrate drift density was calculated with the 

formula: [number of individuals x 100] divided by [time (s) x drift trap height (m) x drift trap width (m) x 

water velocity (m/s)]. 

4A.4.5 DATA PRESENTATION 

Aquatic macroinvertebrate abundance, community composition, and distribution data from 1997-2006 

study programs are presented in Lawrence and Fazakas (1997), Fazakas and Zrum (1999), Zrum and 

Neufeld (2001), Zrum and Bezte (2003), Zrum and Kroeker (2003), Dolce and Sotiropoulos (2004a, 

2004b), Juliano and Neufeld (2004, 2005), Sotiropoulos and Neufeld (2004), Gill (2007a, 2007b), Neufeld 

(2007), Capar (2008), Burt and Dolce (2008), Cooley and Dolce (2008), Dolce and Burt (2008), and 

Mazur and Savard (2008). 
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4A.5 QUALITY ASSURANCE/QUALITY 

CONTROL PROCEDURES 

4A.5.1 SAMPLE PROCESSING 

Sorting aquatic samples involves removing aquatic macroinvertebrates and plant material from the 

organic and inorganic material within each sample. 

4A.5.1.1 Sorting Samples 

 All sorting is conducted with a 3X desktop magnifier with lamp. 

 All sorted samples are checked by a second laboratory technician. 

 Any additional invertebrates/plant materials collected during the quality assurance/quality control 

(QA/QC) process are combined with the original sample, but counted separately. 

 Sorting efficiency must be greater than or equal to 95% or the sample must be re-sorted. 

4A.5.2 VERIFICATION OF TAXONOMIC 

IDENTIFICATION 

NSC taxonomists communicate with external taxonomic specialists to ensure accuracy and consistency. 

4A.5.2.1 Sample Identification 

 Samples are identified to the appropriate taxonomic level by an in-house or external taxonomist. Ten 

percent of these samples are randomly selected and sent to an external taxonomy specialist for 

QA/QC. The accuracy of the sample subset is assessed for identification and enumeration. 

 All uncertain and unknown invertebrates/plants are sent to an external specialist. 

 Incorrect identifications and/or enumeration discrepancies are noted on the laboratory datasheet. 

 The target overall accuracy level is 90% for invertebrate/plant identification and enumeration. The 

external taxonomists‟ corrected identification and enumeration values are used where discrepancies 

exist. 

 All samples that fall outside the target accuracy level will be re-identified and/or re-enumerated. 
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4A.5.3 DATA PROCESSING 

Data processing involves entering data from laboratory data sheets into an MS Excel data template. Data 

templates include project name, study area, site locations, site labels, sampling date, sampling gear, taxa, 

life stages, and enumeration list. After raw data are entered into the template spreadsheet, a second 

technician verifies all entered data and formulae. A final verification is conducted by the report author. 

4A.6 ASSESSMENT METHODS 

A quantitative habitat-based model was developed to estimate the abundance of sediment- and plant-

dwelling macroinvertebrates in the newly created Keeyask reservoir at four time steps post-impoundment 

for comparison with abundance in the existing Keeyask area (upstream of the GS). The model used the 

mean abundance (individuals/m2) of macroinvertebrates from baseline studies in the study area as an 

estimate of macroinvertebrate abundance at defined habitat types in the existing environment and as a 

predictor of macroinvertebrates in the same habitat types post-Project. An abundance estimate was 

generated for some habitat types that were not sampled because of constraints in the methods  

(e.g., medium water velocity habitats) or because they were uncommon in the existing environment  

(e.g., deep water, organic substrate habitats) using surrogate values from similar habitat types that were 

sampled or other comparable areas in northern Manitoba (e.g., Wuskwatim area, Stephens Lake). The 

main steps in model development and application, in sequence, were: 

1. Estimate macroinvertebrate abundance in defined habitat types in the existing environment; 

2. Determine the area of each habitat type in the Keeyask area (upstream of the GS) existing 

environment (Section 3.2.4.1; Appendix 3D); 

3. Develop area estimates for defined habitat types in Year 30 post-Project (Section 3.2.4.2; 

Appendix 3D); 

4. Modify the Year 30 habitat areas in the downstream, more lacustrine portion of the reservoir 

for the intermediate time steps (i.e., years 1, 5, and 15) to account for shoreline erosion, peat 

disintegration and transport, and loss and subsequent establishment of aquatic plant beds 

(Appendix 3D); 

5. Estimate suitable habitat areas in the intermittently exposed zone (IEZ) (Appendix 3D); 

6. Modify abundance estimates at the intermediate time steps in response to predicted changes 

in DO and TSS concentrations (Section 2.5.2.2); and 

7. Use the model to estimate the abundance of sediment- and plant-dwelling 

macroinvertebrates in the newly created Keeyask reservoir at four time-steps post-

impoundment. 
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4A.6.1 ESTIMATE ABUNDANCE IN DEFINED HABITAT 

TYPES IN THE EXISTING ENVIRONMENT 

Study area locations sampled for sediment- and plant-dwelling macroinvertebrates (Section 4A.4.2 and 

Section 4A.4.3) were classified according to water depth and velocity, substrate compaction and 

composition, and the presence or absence of rooted aquatic vegetation.  

Habitat-specific abundance estimates were determined for the sediment- and plant-dwelling 

macroinvertebrate communities sampled in the Keeyask area (Table 4A-1 and Table 4A-2). 

Of the 21 habitat types present in the Keeyask area existing environment or predicted to be present in the 

post-impoundment environment, 15 were not sampled for sediment-dwelling macroinvertebrates and 

one for plant-dwelling macroinvertebrates during baseline data collection in the Keeyask area. An 

abundance estimate was generated for some habitat types that were not sampled because of constraints in 

the methods (e.g., medium water velocity habitats) or because they were uncommon in the existing 

environment of the study area (e.g., deep water, organic substrate habitats) using surrogate values from 

similar habitat types that were sampled or other comparable areas in northern Manitoba (e.g., Wuskwatim 

area, Stephens Lake). 

4A.6.2 CALCULATE THE AREA OF EACH HABITAT TYPE 

IN THE EXISTING ENVIRONMENT  

The area of each habitat type was estimated for the Nelson River between the outflow of Clark Lake and 

the Keeyask GS location in the existing environment using Manitoba Hydro‟s shoreline data (the spatial 

extent of habitat types was modelled at 95th percentile flow conditions) (Section 3.2.4.1; Appendix 3D). 

4A.6.3 ESTIMATE AREA OF EACH HABITAT TYPE IN 

YEAR 30 POST-PROJECT 

The area of each habitat type was estimated for the Nelson River between the outflow of Clark Lake and 

the site of the Keeyask GS in Year 30 post-Project using the predicted shoreline at a water level elevation 

at the face of the dam of 158 m ASL for MOL or at 159 m ASL under 95th percentile flow conditions for 

FSL (Section 3.2.4.2; Appendix 3D). 

4A.6.4 MODIFY THE YEAR 30 HABITAT AREAS FOR 

INTERMEDIATE TIME STEPS 

The predicted Year 30 habitat areas were modified to characterize reservoir evolution and associated 

changes to the proportional distribution of each habitat type during the intermediate time steps (Years 1, 

5, and 15) to account for: 
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 Expansion of the Keeyask reservoir over the time series due to shoreline erosion and peatland 

disintegration;  

 Reduction in the area of organic substrates (i.e., peat) in shallow areas over time due to peatland 

disintegration and transport; and  

 Loss and subsequent establishment of aquatic plants beds (Appendix 3D).  

These area estimates were used to provide a comparison between habitat conditions in the existing 

Keeyask area (upstream of the GS) and habitat changes in the reservoir over time.  

4A.6.5 ESTIMATE SUITABLE HABITAT AREAS IN THE 

INTERMITTENTLY EXPOSED ZONE 

Depending on the mode of operation, (peaking or base loaded), a portion of shallow water habitats in 

each of Year 1, 5, 15, and 30 time steps (Appendix 3D) may be more or less dewatered on a frequent or 

infrequent basis. Intermittent dewatering is expected to somewhat reduce the suitable habitat in those 

frequently exposed areas that would be available to aquatic macroinvertebrates. Estimates and 

assumptions regarding the effect of mode of operation on suitable shallow water habitat areas are 

described in Appendix 3D.    

4A.6.6 MODIFY ABUNDANCE ESTIMATES AT THE 

INTERMEDIATE TIME STEPS  

Aquatic macroinvertebrate abundance and community composition in aquatic habitats in the downstream 

portion of the Keeyask reservoir (reaches 5–9A, Map 3-5; Appendix 3D) are expected to be affected by 

predicted changes in DO (Years 1 and 5 time steps) and TSS (Year 1 time step only) concentrations post-

impoundment. No similar effects are expected in the upstream reaches 2A–4 (Map 3-5; Appendix 3D). 

Analysis and discussion of DO and TSS changes post-impoundment are presented in Section 2.5.2.2.  

Predicted changes to DO and TSS have potential negative consequences on aquatic macroinvertebrate 

abundance and community composition in affected areas. Consequently, modifications to abundance 

estimates to account for potential negative effects were undertaken. The abundance modifications were 

confined to those portions of each habitat type that would be in the lower reaches (i.e., 5-9A) of the 

reservoir.  

4A.6.6.1 Dissolved Oxygen  

Based on DO modelling results (Section 2.5.2.2), some aquatic habitats, primarily those located in newly 

flooded terrestrial areas, would be of reduced value to aquatic macroinvertebrates because of near bottom 

hypoxic conditions created by the increased oxygen demand associated with disintegrating peat and 

organic substrates. Areas predicted to be more severely affected by reduced DO concentrations (bottom 
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DO concentration less than 2 mg/L) were associated with off-current habitats characterized by standing 

water with soft, organic-based substrates. The total area of habitats with DO concentration less than 

2 mg/L was proportionally allocated to those habitat types. Areas predicted to be less severely affected by 

reduced DO concentrations (bottom DO concentration greater than or equal to 2 mg/L but less than or 

equal to 6.5 mg/L) included shallow water, low velocity habitats and areas of deep, standing water 

habitat.  

Habitat-specific abundance estimates were modified to account for low DO effects on aquatic 

macroinvertebrate behaviour (i.e., avoidance of low DO areas) and survival:  

 Where DO was less than 2 mg/L at the bottom, habitat was considered not suitable for aquatic 

macroinvertebrates and the habitat-specific abundance estimated was conservatively set to zero for 

the low DO affected portion of the habitat; 

 Where DO was greater than or equal to 2 mg/L but less than or equal to 6.5 mg/L at the bottom, 

habitat was considered less suitable and the habitat-specific abundance estimate was conservatively 

reduced by 50% for the low DO affected portion of the habitat; and  

 Where DO was greater than 6.5 mg/L at the bottom, it was assumed that there would be no DO 

related negative effects on aquatic macroinvertebrates (chronic objective for the protection of aquatic 

life is 6.5 mg/L). 

4A.6.6.2 Total Suspended Solids 

Total suspended solids are predicted to increase in the first year following impoundment 

(Section 2.5.2.2). The majority of the increase in TSS is predicted to come from peat disintegration 

processes and thus result in a large organic component of the TSS. Depending on location, average 

increase in TSS is expected to range from:  

 Less than 5 mg/L in mainstem lotic Zones 1, 2, and 3;  

 8–22 mg/L in lentic habitats found in Zones 4, 5, 10, 12, and 13;  

 40–86 mg/L in lentic habitats found in Zones 7, 8, 9, and 11. 

Elevated organic TSS levels are predicted to persist for only a few hours at certain locations (e.g., Zone 5), 

but would extend for days to weeks or months in other locations. TSS increases are also likely to exceed 

the predicted average increases on occasion because of re-suspension of bottom organic material and 

site-specific increases in shoreline erosion due to wind/wave events. On other occasions, TSS 

concentrations are likely to be below the predicted range of average concentrations. By the end of the 

first year after impoundment, TSS increase is expected to drop sharply as the source of particulates 

diminishes (Section 2.5.2.2). 

Prolonged (i.e., months), low to moderate increases in suspended fine sediments (assuming silt/clay 

fraction is suspended) beyond the current range of concentrations may affect aquatic macroinvertebrates 

in the following ways: abrasion of/deposition on respiratory surfaces (i.e., gills) (e.g., a reduction in certain 

types of mayflies); interference of food intake for filter-feeders (e.g., a reduction in certain types of 
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caddisflies and fingernail clams); and increased rates of invertebrate drift due to changes in feeding 

efficiency and behaviour (e.g., a temporary reduction in aquatic insect abundance in areas exposed to 

increases in TSS). DFO (Birtwell 1999) indicates that sediment increases resulting from placer mining 

operations in the 25–100 mg/L range would pose a “Low Risk” to fish habitat.  

Considering the range of concentrations predicted to occur over an approximate one year period in the 

Keeyask reservoir, and the guidance provided by DFO that relate to the risks to fish habitat, it is 

suggested that TSS effects in the Keeyask area (upstream of the GS) could result in a 10% reduction in 

aquatic habitat productivity that would persist for one year. It is suggested that this reduction be 

conservatively applied across all shallow, low velocity and standing water habitat types plus all deep, 

standing water habitat types in the lower reaches (5–9A) of the reservoir. The short-term (one-year) 

reduction in habitat use/productivity related to increases in TSS concentration is in addition to the 

predicted decreases in habitat production/use by aquatic macroinvertebrates as a result of depressed DO 

concentrations that would accompany shoreline erosion and peat disintegration processes, including 

organic and mineral sedimentation, peat resurfacing and the formation of peat islands.   

In summary, predicted increases in TSS in the first year of impoundment are expected to affect aquatic 

macroinvertebrates in the newly impounded reservoir. Although newly wetted aquatic habitat would be 

undergoing colonization by benthic macroinvertebrates in Year 1 (predominantly chironomids, which are 

rapid colonizers and more tolerant of low DO and increased TSS concentrations), it was assumed that 

the abundance estimates for all Year 1 shallow, standing water and low velocity habitats, plus all deep-

standing water habitats, would be reduced by 10% as a result of increased TSS concentrations. TSS 

effects are predicted to be greatest Year 1, declining rapidly thereafter (Section 2.5.2.2). 

4A.6.7 USE THE MODEL TO ESTIMATE THE POST-

PROJECT ABUNDANCE OF AQUATIC 

MACROINVERTEBRATES 

The model was used to evaluate the potential effects of reservoir creation and operation on the Keeyask 

area (upstream of the GS) aquatic macroinvertebrate community. The model estimates changes to 

sediment- and plant dwelling macroinvertebrate abundance associated with predicted habitat changes 

resulting from flooding and ongoing operation of the GS. 

Using mean abundance estimates for each habitat type (individuals/ha), a total abundance estimate per 

habitat type (i.e., individuals/hectare multiplied by the total habitat area) was calculated at each time step 

for each mode of operation (i.e., 158 m ASL base loaded, 159 m ASL base loaded, and weekly cycling 

[peaking] between 158 m and 159 m ASL), taking into account the habitat modifications described in 

Section 4A.6.4, Section 4A.6.5, and Section 4A.6.6 (Table 4A-1 and Table 4A-2).  
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Table 4A-1: Habitat-type-specific total sediment-dwelling macroinvertebrate abundance in the existing environment (EE) 

and at post-Project (PP) time steps under different operating scenarios 

Total 

Abundance 

EE1 

Year 1 PP Year 5 PP Year 15 PP Year 30 PP 

(individuals/ 

habitat type) 
Peaking Mode2 Base 

Loaded3 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded 
Classification6 MOL4 FSL5 MOL FSL MOL FSL MOL FSL 

Total 4.5E+10 1.1E+11 1.2E+11 1.3E+11 1.1E+11 1.2E+11 1.4E+11 1.3E+11 1.5E+11 1.8E+11 1.2E+11 1.5E+11 1.8E+11 

S-L-h-M-N 1.4E+09 2.1E+08 2.7E+08 3.3E+08 2.5E+08 3.2E+08 3.9E+08 2.7E+08 3.5E+08 4.3E+08 2.8E+08 3.7E+08 4.6E+08 

S-L-s-M-N 4.1E+09 1.5E+09 1.7E+09 1.9E+09 2.1E+09 2.4E+09 2.8E+09 2.4E+09 2.9E+09 3.4E+09 2.6E+09 3.2E+09 3.8E+09 

S-L-s-M-P 8.5E+08 2.3E+06 2.6E+06 3.0E+06 2.3E+06 2.6E+06 3.0E+06 3.1E+07 4.0E+07 5.0E+07 1.3E+08 1.8E+08 2.3E+08 

S-M-h-M-N 3.2E+09 8.1E+08 9.3E+08 1.1E+09 8.4E+08 9.8E+08 1.1E+09 8.4E+08 9.8E+08 1.1E+09 8.4E+08 9.9E+08 1.1E+09 

S-St-s-M-N 2.2E+10 7.0E+09 9.0E+09 1.1E+10 2.4E+10 3.1E+10 3.8E+10 3.0E+10 4.1E+10 5.2E+10 3.7E+10 5.1E+10 6.5E+10 

S-St-s-M-P 8.3E+09 2.0E+06 5.4E+07 1.1E+08 2.0E+06 5.4E+07 1.1E+08 3.0E+08 7.7E+08 1.2E+09 1.5E+09 3.8E+09 6.0E+09 

S-St-s-O-N 0.0E+00 3.1E+10 4.0E+10 5.0E+10 1.2E+10 1.9E+10 2.6E+10 1.8E+10 3.4E+10 4.9E+10 6.7E+09 1.9E+10 3.1E+10 

S-St-s-O-P 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+08 4.3E+08 6.9E+08 8.7E+08 2.3E+09 3.7E+09 

D-St-s-M-N 5.7E+08 2.3E+10 2.3E+10 2.3E+10 2.6E+10 2.6E+10 2.6E+10 2.8E+10 2.8E+10 2.8E+10 2.8E+10 2.8E+10 2.8E+10 

D-L-s-M-N 4.0E+09 4.5E+10 4.5E+10 4.5E+10 4.5E+10 4.5E+10 4.5E+10 4.5E+10 4.5E+10 4.5E+10 4.5E+10 4.5E+10 4.5E+10 

D-St-s-O-N 0.0E+00 4.0E+08 4.9E+08 4.9E+08 4.4E+08 5.5E+08 5.5E+08 9.0E+08 1.0E+09 1.1E+09 9.0E+08 1.0E+09 1.1E+09 

1. At the 95th percentile flow. 

2. Assumes weekly cycling. 

3. Assumes no cycling (i.e., Full Supply Level [FSL] with no intermittently exposed zone [IEZ]). 

4. Minimum Operating Level – no IEZ. 

5. Includes IEZ. 

6. Classification Codes: 
Depth  S=shallow, D=deep; Velocity  M=medium, L=low, St=standing; Compaction  h=hard, s=soft; Composition  M=mineral, O=organic; Vegetation  N=no plants, 
P=plants 
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Table 4A-2: Habitat-type-specific total plant-dwelling macroinvertebrate abundance in the existing environment (EE) and 

at post-Project (PP) time steps under different operating scenarios 

Total 

Abundance 

EE1 

Year 1 PP Year 5 PP Year 15 PP Year 30 PP 

(individuals/ 

habitat type) 
Peaking Mode2 Base 

Loaded
3 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded 

Peaking Mode Base 

Loaded 
Classification6 MOL4 FSL5 MOL FSL MOL FSL MOL FSL 

Total 9.0E+08 6.9E+05 5.2E+06 9.8E+06 6.9E+05 5.2E+06 9.8E+06 4.1E+07 9.5E+07 1.5E+08 2.0E+08 4.7E+08 7.4E+08 

S-L-s-M-P 1.9E+08 5.2E+05 6.0E+05 6.7E+05 5.2E+05 6.0E+05 6.7E+05 6.9E+06 9.2E+06 1.1E+07 2.9E+07 4.0E+07 5.1E+07 

S-St-s-M-P 7.1E+08 1.7E+05 4.6E+06 9.1E+06 1.7E+05 4.6E+06 9.1E+06 2.6E+07 6.6E+07 1.1E+08 1.3E+08 3.2E+08 5.2E+08 

S-St-s-O-P 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.0E+06 2.0E+07 3.1E+07 4.0E+07 1.0E+08 1.7E+08 

1. At the 95th percentile flow. 

2. Assumes weekly cycling. 

3. Assumes no cycling (i.e., Full Supply Level [FSL] with no intermittently exposed zone [IEZ]). 

4. Minimum Operating Level – no IEZ. 

5. Includes IEZ. 

6. Classification Codes: 
 Depth  S=shallow; Velocity  L=low, St=standing; Compaction  s=soft; Composition  M=mineral, O=organic; Vegetation  P=plants. 
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KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 4: LOWER TROPHIC LEVELS 4B-1 

Table 4B-1: Phytoplankton taxa observed in the Aquatic Environment Study Area, 

1999–2002 

Taxa 
  Study Year 

  1999 1 2001 2 2002 2 

Bacillariophyceae (diatoms)       

  Achnanthes minutissima √ 3   √ 

  Achnanthes sp.     √ 

  Amphiprora ornata   √ √ 

  Asterionella formosa √ √ √ 

  Cocconeis placentula √ √ √ 

  Cyclotella sp. √ √ √ 

  Cymatopleura sp.   √   

  Cymbella sp. √ √ √ 

  Diatoma sp. √ √ √ 

  Fragilaria crotonensis √ √ √ 

  Fragilaria sp. √ √ √ 

  Gomphonema sp.     √ 

  Melosira granulata     √ 

  Melosira small     √ 

  Melosira sp. √ √ √ 

  Navicula small     √ 

  Navicula sp. √ √ √ 

  Neidium sp. √   √ 

  Nitzschia sigmoidea     √ 

  Nitzschia sp. √ √ √ 

  Pinnularia sp.   √ √ 

  Pleurosigma sp.   √ √ 

  Rhizosolenia eriensis √ √   

  Rhizosolenia sp.     √ 

  Stephanodiscus sp. √ √ √ 

  Surirella sp.   √   

  Synedra acus √ √ √ 

  Synedra ulna √ √ √ 

  Synedra sp.     √ 

  Tabellaria fenestrata     √ 

  Tabellaria flocculosa     √ 

  Tabellaria sp.   √ √ 

Chlorophyceae         

  Actinastrum hantzschii   √ √ 

  Botryococcus braunii √ √ √ 

  Characium sp.     √ 

  Chlamydomonas sp.     √ 

  Closterium setaceum   √   

  Closterium sp. √ √ √ 

  Coelastrum microporum √ √ √ 

  Cosmarium sp.   √ √ 

  Crucigenia quadrata √   √ 

  Dictyosphaerium sp. √ √ √ 

  Elakatothrix gelatinosa     √ 

  Eudorina sp.   √ √ 

  Kirchneriella sp.   √   

  Monoraphidium sp. √ √ √ 

  Oocystis sp. √ √ √ 

  Pediastrum boryanum √ √ √ 
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Table 4B-1: Phytoplankton taxa observed in the Aquatic Environment Study Area, 

1999–2002 

Taxa 
  Study Year 

  1999 1 2001 2 2002 2 

  Pediastrum duplex √ √ √ 

  Pediastrum simplex √ √ √ 

  Pediastrum sp.   √ √ 

  Quadrigula sp.   √ √ 

  Scenedesmus arcuatus √   √ 

  Scenedesmus bijuga √   √ 

  Scenedesmus dimorphus     √ 

  Scenedesmus quadricauda √ √ √ 

  Scenedesmus schroeteri   √   

  Spirogyra sp.   √   

  Tetraedron sp.   √   

  Ulothrix sp. √ √ √ 

Chrysophyceae         

  Dinobryon bavaricum     √ 

  Dinobryon sp.   √ √ 

  Mallomonas alpina     √ 

  Mallomonas sp. √ √ √ 

  Stelexomonas sp.     √ 

  small chrysophytes √ √ √ 

Cryptophyceae         

  Cryptomonas sp. √ √ √ 

  Rhodomonas minuta √ √ √ 

Myxophyceae/ Cyanophyceae       

  Anabaena flos-aquae     √ 

  Anabaena planctonica   √ √ 

  Anabaena spiroides   √ √ 

  Anabaena sp.     √ 

  Aphanizomenon flos-aquae √ √ √ 

  Aphanocapsa sp.   √ √ 

  Chroococcus sp.     √ 

  Gomphosphaeria sp. √ √ √ 

  Lyngbya contorta   √   

  Lyngbya limnetica √     

  Lyngbya sp.   √ √ 

  Merismopedia sp.     √ 

  Microcystis sp.   √ √ 

  Oscillatoria sp.   √ √ 

Euglenophyceae         

  Euglena sp. √ √ √ 

  Trachelomonas sp. √ √ √ 

Peridineae (dinoflagellates)       

  Ceratium hirudinella   √   

  Gymnodinium sp. √   √ 

  Peridinium sp.   √ √ 

Total Number of Taxa (at Species level) 40 59 76 

1. Sampled once during the open-water season 
2. Sampled four times during the open-water season and once during the ice-covered season 
3. ‘√’ used to denote 'presence' 
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Table 4B-2: Zooplankton taxa observed in the Aquatic Environment Study Area,  

2001–2002 

Taxa 
  Study Year 

  2001 1 2002 1 

Cladocera (water fleas)     

  Alona guttata √ 2 √ 

  Bosmina longirostris √ √ 

  Camptocercus rectirostris √ √ 

  Ceriodaphnia quadrangula √ √ 

  Chydorus sphaericus √ √ 

  Daphnia galeata mendotae √ √ 

  Daphnia longiremis √ √ 

  Daphnia pulex √   

  Daphnia retrocurva √ √ 

  Daphnia schoedleri √ √ 

  Diaphanosoma leuchtenbergianum √ √ 

  Eubosmina coregoni √ √ 

  Holopedium gibberum √ √ 

  Leptodora kindtii √ √ 

  Leydigia quadrangularis √   

  Sida crystallina √   

  Simocephalus vetulus √   

Copepoda (copepods)     

  Calanoida     

  Diaptomus minutus √ √ 

  Diaptomus sicilis √ √ 

  Epischura lacustris √ √ 

  Epischura nevadensis √ √ 

  Epischura spp. √ √ 

  Leptodiaptomus ashlandi √ √ 

  Limnocalanus macrurus √ √ 

  Skistodiaptomus oregonensis √ √ 

  Calanoida spp. copepodites √ √ 

  Cyclopoida     

  Acanthocyclops vernalis √ √ 

  Cyclops bicuspidatus thomasi √ √ 

  Eucyclops agilis √ √ 

  Macrocyclops albidus √ √ 

  Cyclopoida spp. copepodites √ √ 

  Harpaticoida     

  Harpaticoida spp. copepodites √   

Total Number of Taxa (at Species level) 32 27 

1. sampled four times during the open-water season. 
2. ‘√’ used to denote 'presence'. 
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Table 4B-3: Aquatic macroinvertebrate taxa observed in the Aquatic Environment Study Area, 1999–2004 

Scientific Name 1 Common Name 
Assean Watershed 2 Split Lake Area 2 Keeyask Area 2 Stephens Lake Area 2 

Sed Plant 5 Drift 3 Sed Plant Drift 5 Sed Plant Drift Sed Plant 4 Drift 

Phylum Annelida              

Subclass Oligochaeta aquatic earthworms √ 7  √ √ √  √ √ √ √ √ √ 

Subclass Hirudinea leeches √  √ √ √  √ √ √ √ √ √ 

Subphylum Crustacea              

Class Ostracoda  √   √ √  √ √ √ √ √  

Order Amphipoda scuds √  √ √ √  √ √ √ √  √ 

Family Gammaridae  √      √ √ √  √ √ 

Family Haustoriidae     √    √ √   √ 

Family Talitridae  √   √ √  √ √ √ √ √ √ 

Order Diplostraca clam shrimp √  √    √ √ √  √ √ 

Order Lophogastrida opossum shrimp   √      √   √ 

Order Mysida  √   √   √ √     

Order Decapoda crayfish   √ √ √  √ √ √   √ 

Order Arguloida          √   √ 

Class Arachnida              

Subclass Acari mites √  √ √   √ √ √ √ √ √ 

Order Araneae spiders   √     √ √ √   

Phylum Mollusca              

Class Bivalvia clams       √      

Family Unionidae  √   √   √   √   

Family Pisidiidae fingernail clams √  √ √ √  √ √ √ √ √ √ 

Class Gastropoda snails √  √ √ √  √ √ √ √ √ √ 

Family Ancylidae          √    

Family Hydrobiidae  √   √ √  √ √ √ √ √  

Family Lymnaeidae  √   √   √ √ √ √ √  

Family Physidae  √   √ √  √ √ √ √ √ √ 
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Table 4B-3: Aquatic macroinvertebrate taxa observed in the Aquatic Environment Study Area, 1999–2004 

Scientific Name 1 Common Name 
Assean Watershed 2 Split Lake Area 2 Keeyask Area 2 Stephens Lake Area 2 

Sed Plant 5 Drift 3 Sed Plant Drift 5 Sed Plant Drift Sed Plant 4 Drift 

Family Planorbidae  √   √ √  √ √ √ √ √ √ 

Family Valvatidae  √   √   √ √  √ √  

Phylum 

Nematomorpha 
horsehair worms         √    

Phylum 

Platyhelminthes 
flatworms   √ √   √ √ √ √  √ 

Class Hydrozoa hydras √  √ √   √ √ √  √ √ 

Class Insecta - Aquatic insects             

Order Lepidoptera butterflies, moths         √    

Order Megaloptera  √  √ √   √  √ √   

Family Sialidae alderflies    √     √ √ √  

Order Neuroptera    √      √    

Family Sisyridae spongillaflies         √    

Order Odonata              

Suborder Anisoptera dragonflies √  √ √    √ √    

Family Gomphidae clubtails         √    

Family Aeshnidae darners        √   √  

Suborder Zygoptera damselflies   √    √ √ √    

Family Coenagrionidae 
narrow-winged 

damselflies 
√       √ √  √  

Order Coleoptera    √     √ √  √ √ 

Family Chrysomelidae leaf beetles √       √     

Family Curculionidae weevils        √     

Family Dytiscidae predaceous diving beetles √   √ √   √ √    

Family Gyrinidae whirligig beetles        √ √  √  

Family Haliplidae crawling water beetles √   √ √  √ √ √  √  
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Table 4B-3: Aquatic macroinvertebrate taxa observed in the Aquatic Environment Study Area, 1999–2004 

Scientific Name 1 Common Name 
Assean Watershed 2 Split Lake Area 2 Keeyask Area 2 Stephens Lake Area 2 

Sed Plant 5 Drift 3 Sed Plant Drift 5 Sed Plant Drift Sed Plant 4 Drift 

Family Hydrophilidae water scavenger beetles         √    

Order Hemiptera  √  √ √   √ √ √ √  √ 

Family Corixidae water boatman √   √ √  √ √ √  √ √ 

Family Gerridae water striders        √     

Order Ephemeroptera mayflies √  √ √   √ √ √ √  √ 

Family Baetidae  √    √   √ √  √ √ 

Family Baetiscidae          √    

Family Caenidae  √   √   √ √ √ √ √  

Family Ephemeridae  √   √   √ √ √ √  √ 

Family Ephemerellidae          √    

Family Heptageniidae      √   √ √   √ 

Family Leptophlebiidae  √   √ √  √ √ √ √ √  

Family Siphlonuridae      √   √ √    

Family Tricorythidae          √    

Order Trichoptera caddisflies √  √ √   √ √ √ √ √ √ 

Family Brachycentridae         √ √    

Family Glossosomatidae          √    

Family Helicopsychidae snail-case caddisflies       √  √    

Family Hydropsychidae net-spinning caddisflies    √    √ √ √  √ 

Family Hydroptilidae micro-caddisflies         √  √ √ 

Family Lepidostomatidae  √       √ √  √ √ 

Family Leptoceridae long-horn caddisflies √   √ √  √ √ √ √  √ 

Family Limnephilidae northern caddisflies        √ √  √ √ 

Family Molannidae  √   √      √   

Family Phryganeidae large caddisflies √   √ √  √ √ √  √  

Family Polycentropodidae  √   √ √  √ √ √ √ √ √ 
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Table 4B-3: Aquatic macroinvertebrate taxa observed in the Aquatic Environment Study Area, 1999–2004 

Scientific Name 1 Common Name 
Assean Watershed 2 Split Lake Area 2 Keeyask Area 2 Stephens Lake Area 2 

Sed Plant 5 Drift 3 Sed Plant Drift 5 Sed Plant Drift Sed Plant 4 Drift 

Family Psychomyiidae trumpet-net caddisflies         √    

Order Plecoptera stoneflies   √ √   √ √ √   √ 

Family Chloroperlidae green stoneflies         √    

Family Nemouridae spring stoneflies         √    

Family Perlidae common stoneflies         √   √ 

Family Perlodidae perlodid stoneflies    √     √   √ 

Family Pteronarcyidae giant stoneflies         √    

Order Diptera true flies     √  √ √ √   √ 

Family Athericidae short-horned flies   √      √    

Family Blephariceridae net-winged midges         √    

Family Ceratopogonidae biting midges √  √ √ √  √ √ √ √ √  

Family Chaoboridae phantom midges   √ √   √  √    

Family Chironomidae non-biting midges √  √ √ √  √ √ √ √ √ √ 

Subfamily Chironominae  √   √ √  √ √ √ √  √ 

Subfamily Orthocladiinae  √   √ √  √ √ √ √  √ 

Subfamily Tanypodinae  √   √ √  √ √ √ √  √ 

Family Dolichopodidae longlegged flies    √   √ √ √    

Family Empididae dance flies   √ √     √    

Family Ephydridae shore flies    √     √    

Family Muscidae stable flies   √    √  √   √ 

Family Sciomyzidae marsh flies         √   √ 

Family Simuliidae black flies   √      √   √ 

Family Psychodidae sand flies     √   √     
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Table 4B-3: Aquatic macroinvertebrate taxa observed in the Aquatic Environment Study Area, 1999–2004 

Scientific Name 1 Common Name 
Assean Watershed 2 Split Lake Area 2 Keeyask Area 2 Stephens Lake Area 2 

Sed Plant 5 Drift 3 Sed Plant Drift 5 Sed Plant Drift Sed Plant 4 Drift 

Family Tipulidae crane flies   √     √ √ √   

Family Tabanidae horse flies √      √  √ √   

Class Insecta – Semi-Aquatic/Terrestrial   √      √  √ √ 

Order Collembola springtails         √    

Order Coleoptera              

Family Staphylinidae rove beetles         √    

Order Hemiptera              

Family Saldidae shore bugs         √    

Total Number of Taxa 6  39  30 44 25  43 56 85 32 34 40 

Sed = sediment 
1. Scientific names used throughout this report follow the Integrated Taxonomic Information System (ITIS 2007) classification. Taxonomic names Acarina (Hydracarina), 

Sphaeriidae, Conchostraca, and Mysidacea have been updated to Acari, Pisidiidae, Diplostraca, and Lophogastrida, respectively. 
2. Data included from Lower Nelson River Information System (LNRIS) database (1999-2004 finalized data imported). 
 Data that are part of EIS, but not included in the LNRIS database:     
 Split Lake/York Landing Arm, Sediment-Dwelling, 1997, 1998, and 2000 (TEMA and York Factory First Nation programs not included in LNRIS database) 
 Stephens Lake, Sediment-Dwelling, 2006 (to be imported to LNRIS database when technical report finalized) 
 Stephens Lake, Plant-Dwelling, 2005, 2006 (to be imported to LNRIS database when technical report finalized) 
3. Assean drifting data for 2001 and 2002 only; macroinvertebrates identified to lower taxonomic level in 2003 and 2004 (see Appendix 4A) and this resulted in a step-trend 

increase to number of taxa. 
4. 2005 and 2006 data for Stephens Lake not imported to LNRIS database, but included here for comparative purposes. 
5. Program not conducted. 
6. Number of taxa reported at Family level; if group identified to higher level, then it was assumed that only one Family was represented and this likely resulted in a 

conservative estimate of number of taxa. 
7. ‘√’ used to denote 'presence'. 
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5.0 FISH COMMUNITY AND MOVEMENTS 

5.1 INTRODUCTION 

Fish play a key role in ecosystem function and are important to KCNs Members as a domestic and 

commercial resource. Under the Constitution Act, the KCNs have a treaty right to harvest fish for food. 

Fish and fish habitat are protected by the Fisheries Act. Construction and operation of the Keeyask 

Generating Station (GS) would result in large changes to fish habitat and ultimately the fish community. 

The environmental studies described in this section encompassed the entire fish community; however, 

for the purposes of the assessment, particular attention was focussed on species selected because of 

particular community, regulatory, or scientific concerns. The rationale for selection of VEC species is 

provided in Section 1. The species selected as VEC include lake sturgeon (sturgeon/namayo/Acipenser 

fulvescens), walleye (pickerel/okaow/Sander vitreus), lake whitefish (whitefish/atikameg/Coregonus 

clupeaformis), and northern pike (jackfish/unchwapayo/Esox lucius). The general characteristics of these 

species are presented in Appendix 5A, in brief:  

 Given its special status to Members of the KCNs and regulators, lake sturgeon is discussed separately 

in Section 6.  

 Walleye reside in semi-turbid lakes and rivers, where they are found near the bottom and in schools 

in the open-water. They spawn in the spring, typically in streams or shallow inshore areas over gravel, 

boulder, or rubble substrates. Although walleye are predominantly piscivorous, they will feed 

opportunistically on various insects and crayfish. 

 Northern pike are typically associated with shallow, vegetated areas of lakes and slow meandering 

rivers and move into deeper water as they mature or to overwinter. They spawn in the spring in 

shallow water over heavily vegetated rivers, marshes, and bays of larger lakes. Northern pike are 

opportunistic feeders and will feed on whatever is readily accessible, including aquatic invertebrates, 

fish, ducklings, mice, and other small mammals.  

 Lake whitefish is a schooling species that typically occurs in deep, cold-water lakes. They spawn 

during fall in shallow areas of lakes and rivers over boulders and gravel. Lake whitefish eggs incubate 

over winter, and hatch in the spring. Lake whitefish are typically bottom feeders that feed 

predominantly on benthic invertebrates.  

A brief description of the information sources, methods, and study area for the fish community 

assessment are provided in Section 5.2. The fish community conditions for the study area are described in 

Section 5.3. The overall fish community and VEC fish species are described for each of the study reaches 

followed by a description of the movements for each VEC species in the entire study area. Project 

effects, including construction, operation, residual, and cumulative effects, and mitigation are described in 

Section 5.4 along with environmental monitoring and follow-up programs.  
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5.2 APPROACH AND METHODS 

5.2.1 Overview to Approach 

The environmental setting is described using several sources of information, including local knowledge, 

existing published information, and studies conducted specifically as part of the environmental impact 

assessment of the Project. Impacts of the Project on the fish community were assessed using current 

conditions in comparable reservoir environments and by modelling changes in aquatic habitat. The 

information sources and impact assessment approaches are discussed below. 

An ecosystem-based approach was employed to assess the potential impacts of the Project on the fish 

community. Information presented incorporates findings from other aquatic components (i.e., water 

quality, aquatic habitat, and lower trophic levels). This approach is consistent with the views held by the 

KCNs, and widely held ecological views, that all components of the aquatic environment are important 

to maintaining the whole, and that all fish species are interdependent and, therefore, of importance and 

value. 

The approach taken for the fish community effects assessment was similar to the general approach taken 

for other aquatic environment components and was comprised of two major steps: 

 A description of the existing aquatic habitat conditions to provide the basis for assessing the 

potential effects of the Project on these components; and 

 An effects assessment in which the predicted post-Project environment was described and changes 

from existing environment quantified. 

5.2.2 Study Area 

The study area for fish community and movement investigations extends along the Nelson River from 

the Kelsey GS in the south downstream to Stephens Lake in the east (Map 1-2). The magnitude of 

physical change (e.g., changes in water levels and flows) as a result of the Project differs substantially 

among areas (Project Description Supporting Volume [PD SV], Section 4.4) and, consequently, the study 

area was divided into three areas on the Nelson River as follows: 

 Split Lake Area (Split Lake and adjoining waterbodies, including Assean Lake and Clark Lake) – this 

area is upstream of any suspected direct hydraulic influence of the Project (i.e., outside the hydraulic 

zone of influence). However, the fish community may be affected if fish move from the directly 

affected downstream area (Keeyask Area) to the Split Lake Area; 

 Keeyask Area (Nelson River and tributary streams extending from the outlet of Clark Lake to 

approximately 6 kilometres [km] downstream of Gull Rapids) – Project-related changes to the water 

regime and direct losses of habitat due to the presence of the GS (generating station) will occur 

within this reach (Physical Environment Supporting Volume [PE SV], Section 4.4). This area was 

subdivided at Gull Rapids, as the rapids form a boundary for the aquatic biota under existing 



KEEYASK GENERATION PROJECT June 2012 

 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY 5-3 

conditions and mark a boundary between the reservoir and downstream environment in the post-

Project environment; and 

 Stephens Lake Area (Stephens Lake and adjoining waterbodies) – this area is immediately 

downstream of the Keeyask Area and the Project will not affect the water regime. The fish 

community inhabiting this area uses habitat in the directly affected riverine section up to and 

including Gull Rapids. Stephens Lake, as the reservoir of the Kettle GS formed in the early 1970s, 

also provides a useful proxy to assist in predicting effects of the Project (Section 1). 

The majority of fish community studies were conducted in the Keeyask area, as this area will be directly 

affected by the Project and quantitative estimates of pre- and post-Project fish use were required. Fish 

community studies were also conducted in the stream crossings along the proposed access roads.  

5.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for the fish community are detailed below.  

A number of fish community studies have been conducted previously in the study area. These studies 

have primarily focused on the impacts of generating stations, such as the Kettle GS, or on the effects of 

Churchill River Diversion (CRD)/Lake Winnipeg Regulation (LWR) and are largely limited to Split Lake 

and Stephens Lake. The province of Manitoba first surveyed the fish community of Split Lake in 1966 in 

order to set an annual commercial limit (Schlick 1968). Fish studies were conducted on Split and 

Stephens lakes in the 1970s as part of the Lake Winnipeg Churchill and Nelson River Study Board studies 

(Ayles et al. 1974) and in the 1980s as part of Manitoba‟s Ecological Monitoring Program (Patalas 1984; 

Kirton 1986; Hagenson 1987a, b, 1988, 1989, 1990; Derksen et al. 1988). During the 1990s, fish 

community investigations were conducted for Manitoba Hydro on Stephens Lake as part of the Lower 

Nelson River Forebay Monitoring Program (MacDonell and Horne 1994; Bretecher and Horne 1997; 

Bretecher and MacDonell 2000), and on Split Lake as part of Tataskweyak Environmental Monitoring 

Agency studies (Fazakas and Lawrence 1998; Fazakas 1999) and in the preparation of a long-term aquatic 

environmental monitoring plan for York Factory First Nation (YFFN; Mota and MacDonell 2000). The 

effects of previous hydroelectric development in northern Manitoba were assessed on the Split Lake 

Resource Management Area as part of the Split Lake Cree Post Project Environmental Review (PPER; 

Split Lake Cree - Manitoba Hydro Joint Study Group 1996a, b, c). 

Fish community assessments were conducted as part of the Keeyask environmental studies over an 

11-year period (1997–2008). The field program consisted of eight primary components (although 

activities among the components often overlapped), as follows: 

 Habitat-based fish community assessment; 

 Spring spawning habitat; 

 Fall spawning habitat;  

 Overwintering habitat; 
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 Tributary use; 

 Drifting biomass;  

 Stream crossings assessment; and 

 Fish movements. 

For each field component, a variety of gear types was used, including various sizes of gill nets, boat and 

backpack electrofishing, hoop nets, seine nets, drift traps, neuston tows, radio and acoustic telemetry, and 

Floy®-tags. A more detailed description of the approach and methods for these studies is presented in 

Appendix 5B. 

5.2.4 Assessment Approach 

Impacts of the Project on the fish community were assessed using two approaches: 

 A comparison to current condition of fish species in Stephens Lake, which was used as a proxy for 

long-term effects, and in other comparable reservoirs (e.g., the Limestone GS, Manitoba; La Grande 

Complex, Québec); and  

 A model of short-term and long-term changes to aquatic habitat in the Keeyask area.  

5.3 ENVIRONMENTAL SETTING 

The environmental setting has been described based on available background data and the information 

collected in the course of the Keeyask environmental studies. The fish communities in the study area 

have been influenced by past hydroelectric development in northern Manitoba (e.g., the Kelsey GS, CRD, 

LWR), resource harvesting activities, and the introduction of non-native fish species (e.g., rainbow smelt, 

common carp). 

5.3.1 Pre-1997 Conditions 

Historical information on fish communities in the study area is largely limited to Split Lake and Stephens 

Lake, and these records are sporadic and difficult to compare to more recent data due to methodological 

differences. No pre-1997 information was located for the Nelson River between Clark and Stephens 

lakes, including Gull Lake, and only limited commercial fishing data were located for Assean Lake. 

Split Lake has been commercially fished since 1954. Since this time, the fishery has been an entirely 

summer operation, with lake whitefish being the dominant species. The Split Lake walleye and northern 

pike fishery was closed in 1971 due to elevated mercury concentrations in the fish (Ayles et al. 1974). The 

average annual yield of the total commercial catch was 22,628 kg (dressed weight) between 1954 and 

1996 (Manitoba Conservation unpubl. data). Split Lake also supported a domestic fishery with an estimated 

annual yield of 11,000 kg (Schlick 1968). TCN Members state that fishing on Split Lake has become 

increasingly difficult due to high water levels and debris that foul the nets (Split Lake Cree - Manitoba 



KEEYASK GENERATION PROJECT June 2012 

 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY 5-5 

Hydro Joint Study Group 1996c). The average annual yield of the commercial catch on Assean Lake 

between 1965 and 1996 was 8,660 kg (dressed weight; Manitoba Conservation unpubl. data). 

The fish community in Split Lake was first described by Schlick (1968) in 1966. By this time, the lake had 

already been affected by the Kelsey GS, which was constructed between 1957 and 1961. The author 

documented 19 species in the lake, noting that white sucker dominated the experimental gillnet catch 

both in number and weight. Members of the Split Lake Cree indicated in the PPER that there had been 

an increase in lake whitefish parasites and defects in walleye and northern pike due to the Kelsey GS and 

a reduction of mooneye populations during the 1960s (Split Lake Cree - Manitoba Hydro Joint Study 

Group 1996c). A 1973 survey of the lake (Ayles et al. 1974) documented 11 species in Split Lake in 

addition to the 19 species previously reported by Schlick (1968). Ayles et al. (1974) noted an increase in 

lake whitefish and walleye production since the 1966 survey. The authors attributed the increase in 

walleye partially to the reduction in fishing pressure associated with the closure of the walleye and 

northern pike fishery in 1971, but had no explanation for the increase in lake whitefish. While common 

carp, an introduced species in Manitoba, was first reported in Split Lake in 1963, these fish were in poor 

condition. It has been postulated that hydroelectric development, in particular the Kettle GS in 1974, 

provided the necessary habitat requirements to allow the establishment of viable populations of carp 

populations in Split Lake (Badiou and Goldsborough 2006). 

Studies conducted between 1983 and 1989 (Patalas 1984; Kirton 1986; Hagenson 1987a, b, 1988, 1989, 

1990), after CRD/LWR was in operation, reported that the fish community of Split Lake, while showing 

considerable variation, was dominated by lake whitefish and white sucker. The lake also supported a 

relatively large number of mooneye when compared to the lakes of the Rat/Burntwood River (Derksen et 

al. 1988). Although comparisons of fish abundance data between these studies and the 1973 survey is 

difficult due to methodological differences, Ramsey and Patalas (1992, cited in Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996c) concluded that walleye populations in Split Lake had 

decreased by 50% from 1973 to the 1980s, while sauger had increased during this period. The authors 

speculated that these changes could be related to the transport of sediments into the lake resulting from 

increased flows from the Burntwood River system under CRD.  

Members of TCN and York Factory First Nation (YFFN) report that hydroelectric development, in 

general, has resulted in an overall decrease in fish populations in Split Lake and Clark Lake (with the 

exception of suckers) and the Burntwood and Aiken rivers (YFFN Evaluation Report [Kipekiskwaywinan]; 

Split Lake Cree - Manitoba Hydro Joint Study Group 1996c). Hydroelectric development has also been 

attributed by Members of Split Lake with a reduction of goldeye populations during the early 1980s (Split 

Lake Cree - Manitoba Hydro Joint Study Group 1996c). Consultants participating in the Split Lake PPER 

process noted that the fish community in Split Lake had likely changed as a result of hydroelectric 

development and that seasonal reversal of flows caused by CRD/LWR may have reduced the availability 

of rearing habitat, which would affect the growth of juvenile fish (Split Lake Cree - Manitoba Hydro Joint 

Study Group 1996c). Both the consultants and Split Lake Cree concluded that the effects in Clark Lake 

were similar to those observed in Split Lake (Split Lake Cree - Manitoba Hydro Joint Study Group 

1996c).  
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Stephens Lake was formed by the construction and operation of the Kettle GS, which flooded the 

existing river and lakes to form one large lake. With the exception of a small sturgeon fishery, there was 

no commercial fishery on these waterbodies prior to construction of the Kettle GS (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996c). A commercial fishery operated intermittently on Stephens 

Lake between 1979 and 1994, producing an annual average yield of 1,339 kg (dressed weight; Manitoba 

Conservation unpubl. data). No information was located describing the fish community of the pre-

Stephens Lake waterbodies. Some Members of the Split Lake Cree that participated in the PPER 

reported that Kettle-related flooding had disturbed fish habitat and migration patterns in Stephens Lake 

and that there were more suckers in Stephens Lake after the Kettle GS was constructed (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996c). In 1973, the Kettle Reservoir had among the poorest 

production of commercially important species of the Nelson River lakes, which was attributed to the 

recent development of the reservoir (Ayles et al. 1974). The dominant species at this time was lake 

whitefish, followed by walleye and cisco. In contrast, Moose Lake, a relatively isolated part of the Kettle 

complex, was found to have extremely abundant lake whitefish and cisco populations, which were 

thought to represent unexploited populations prior to flooding.  

After CRD/LWR came into operation in 1976, studies conducted between 1983 and 1989 found that the 

Stephens Lake fish community, while showing considerable variation, was dominated by lake whitefish, 

mooneye, and longnose sucker (Patalas 1984; Kirton 1986; Hagenson 1987b, 1988, 1989, 1990). 

Although comparisons of fish abundance data between these studies and the 1973 survey were limited 

due to methodological differences, Ramsey and Patalas (1992, cited in Split Lake Cree - Manitoba Hydro 

Joint Study Group 1996c) reported that there had been a 50% reduction in lake whitefish and a 70% 

decline in longnose sucker in the lake since 1973, while mooneye and possibly sauger had increased. The 

authors attributed these changes to differences in sampling strategy, natural evolution of limnological 

conditions in the reservoir, or Kettle-related changes to the water regime, rather than to CRD/LWR. A 

survey of the Kettle reservoir area of Stephens Lake in mid-July 1993 found a community dominated by 

longnose sucker, followed by lake whitefish and cisco (MacDonell and Horne 1994), while a survey of the 

same area in mid-August of 1996 found the community dominated by sauger, walleye, and northern pike 

(Bretecher and Horne 1997).  

The Split Lake Cree reported in the PPER that they felt that different currents and lake bottom debris 

from CRD had resulted in a disturbance to fish habitat and migration patterns in Stephens Lake (Split 

Lake Cree - Manitoba Hydro Joint Study Group 1996c). Consultants participating in the PPER process 

noted that hydroelectric development, in general, had changed the fish community structure in Stephens 

Lake and that the overall abundance of fish had likely increased (Split Lake Cree - Manitoba Hydro Joint 

Study Group 1996c). 

Rainbow smelt were first reported in Split Lake and Stephens Lake in 1996 (Remnant et al. 1997). The 

colonization of waterbodies by rainbow smelt is generally considered to be an unfavourable occurrence. 

Rainbow smelt are an aggressive invading species that can alter the composition and abundance of native 

species, such as lake whitefish, cisco, and emerald shiner, residing in the waterbodies they invade. It is 

believed that rainbow smelt compete with these species for space and food and prey on their larvae 

(Franzin et al. 1994). Additionally, the consumption of rainbow smelt by predatory species such as walleye 

and northern pike may lead to an increase in mercury concentrations in these predators (Evans and 
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Loftus 1987). Consumption of rainbow smelt has also been linked to a condition called “belly burn” in 

commercial catches of walleye. Belly burn is generally thought to occur by the release of enzymes found 

in rainbow smelt that break down the flesh of walleye stomachs. This condition can negatively affect a 

commercial fishery by decreasing the amount of time to process fish and by depreciating the value of fish 

stock that has not been processed fast enough (Freshwater Fish Marketing Corporation [FFMC] 2003). 

5.3.2 Current Conditions (Post-1996) 

5.3.2.1 Overview and Regional Context 

A total of 37 fish species are known to occur in the study area (Table 5-1). The principal large-bodied 

species include walleye, sauger, northern pike, yellow perch, burbot, lake whitefish, cisco, longnose 

sucker, white sucker, and lake sturgeon, while the most common small-bodied species include spottail 

shiner, emerald shiner, trout-perch, and the recently introduced rainbow smelt. The area is similar to the 

aquatic environment in much of the northern boreal forest of Manitoba, Ontario, and western Québec. 

From a biodiversity and conservation perspective, the aquatic environment of the study area is not 

unique despite its traditional and cultural values to the local Cree Nations. No species area listed on 

Schedule 1 of the Species At Risk Act (SARA), but lake sturgeon in the Nelson River have been assessed 

by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) and are currently being 

assessed for listing under SARA. Due to their cultural importance and designation as “endangered” by 

COSEWIC, lake sturgeon are discussed separately in Section 6. The Manitoba Conservation Data Centre 

does not list any S1 or S2 species for the area (Manitoba Conservation Data Centre 2012a; Manitoba 

Conservation Data Centre 2012b) but lists common carp and rainbow smelt as invasive species. 

To put the study area into a regional context, the catch-per-unit-effort (CPUE) for the total catch and 

three VEC species were compared among six of the study area waterbodies, as well as selected Manitoba 

waterbodies and is presented in Table 5-2. Study area lakes generally have higher CPUEs than the 

reservoirs (Notigi Lake and Limestone reservoir), but lower than other Manitoba lakes (Wuskwatim, 

Leftrook, Cross, and several of the AEA offsetting lakes). The exception is Assean Lake, which has a 

CPUE comparable to that of the other Manitoba lakes. Likewise, CPUE in the Nelson River between 

Clark Lake and Gull Lake is lower than those observed in other riverine waterbodies in Manitoba (i.e., Rat 

River, Burntwood River, and lower Nelson River), with the exception of the Churchill River. However, 

the CPUE for northern pike in this stretch of the Nelson River is among the highest observed for all 

riverine waterbodies examined.  

Information on the general fish community of the study area, as well as information on the abundance 

and habitat use for the VEC species for each area, is presented in Sections 5.3.2.2 to 5.3.2.5. All biological 

information (size, health, condition, diet) is summarized and provided in Appendix 5C. Information on 

the movements of VEC species is presented separately in Section 5.3.2.6 for the study area as a whole 

because fish are capable of moving between the areas. The information presented in these sections was 

compiled from the data reports listed in Appendix 1B. Potential impacts of construction and operation of 

the Project on the fish community and potential mitigation options are discussed in Section 5.4. 
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5.3.2.2 Split Lake Area 

The Split Lake Area (Map 5-1) was intensively sampled as part of Keeyask environmental studies with 

small mesh and standard gang index gill nets during the summer in 1997–1998 (standard gangs only) and 

2001–2002, with additional focussed sampling in Clark Lake in 2004 (Map 5-2; Appendix 5B). An 

additional standard gang index gillnetting program was conducted in the York Landing arm of Split Lake 

during the fall of 1999. Sampling to address use of the area by spring and fall spawners was conducted 

between 2001 and 2004 in the riverine sections of this area, including the inflowing sections of the 

Burntwood and Nelson Rivers and the Assean and Aiken river systems, using a variety of equipment as 

described in Appendix 5B. 

A total of 28 fish species was captured in Split Lake and adjacent waterbodies from 1997 to 2006 (Table 

5-1). Lake sturgeon was among the species captured and is discussed separately in Section 6. During the 

summer, Split Lake was found to have a greater diversity of large- and small-bodied fish (total of 

20 species) than either Clark Lake or Assean Lake (16 and 12 species, respectively) (Table 5-3 and 

Table 5-4).  

In all three lakes, walleye, northern pike, and white sucker were the most abundant large-bodied species. 

Sauger were particularly abundant in Split Lake but were absent in Assean Lake. The coregonine 

populations in Assean Lake were greater than populations in Split and Clark lakes. In Split/Clark lakes, 

there was little difference observed among the use of habitat types for foraging while in Assean Lake, 

large-bodied fish showed a preference for habitat in the channel area of the lake compared to the east or 

west basins (Table 5-5). Some YFFN Members stated that fish have moved into deeper water in Split 

Lake during summer after water levels changed on the lake from CRD and LWR and were no longer 

abundant in the shallower water closer to the shore at York Landing (YFFN and Hilderman, Thomas, 

Frank, and Cram [HTFC] 2002). Evidence for the spawning of many large-bodied species was found 

throughout the Split Lake area, including the Aiken River and Assean River systems (white and longnose 

sucker, walleye, northern pike, lake whitefish, yellow perch), the Burntwood River below First Rapids 

(white and longnose sucker, yellow perch, freshwater drum, walleye, northern pike, lake whitefish), the 

Nelson River below the Kelsey GS (white sucker, walleye, northern pike), and Split and Clark lakes 

(cisco).  

With respect to forage species, Assean Lake had the greatest abundance during the summer, but had the 

lowest species diversity (Table 5-4). In this lake, two species of shiner, emerald and spottail, accounted 

for more than 90% of the catch. The most prevalent forage species in Split and Clark lakes were spottail 

shiner, trout-perch, and rainbow smelt. Emerald shiner were also abundant in Split and Clark lakes, but 

were only common in surface-set nets (Table 5-6). Rainbow smelt were not captured in Assean Lake. 

There was little difference in the use of foraging habitat in nearshore and offshore areas of Split/Clark 

lakes by small-bodied fish (Table 5-5). Nearly twice as many small-bodied fish used foraging habitat in the 

west basin and channel areas of Assean Lake compared to the east basin. Several forage species, including 

cyprinids, cottids, rainbow smelt, and trout-perch, were observed to use the Burntwood River 

downstream of First Rapids and/or the Assean River for spawning. 
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A summer commercial fishery operated on Split Lake for 11 of 12 years between 1997 and 2008, during 

which time the total annual average yield when the lake was in production was 55,606 kg (round weight; 

FFMC unpubl. data). The main species harvested by the fishery were northern pike (33.7%), lake whitefish 

(22.1%), and walleye (22.1%). The southeast bay of Split Lake has been reported by some Members of 

YFFN as having been a good area for northern pike and lake whitefish fishing (YFFN and HTFC 2002). 

Since 1997, a commercial harvest has been reported for Assean Lake in only 2002–2004 and 2006–2008. 

The annual average yield for years in which Assean Lake was in production (five of the last 12 years) was 

2,573 kg (round weight), of which northern pike was the dominant species harvested (FFMC unpubl. data).  

Domestic harvest may also occur in the area, but the quantity and locations of such harvests are not 

available. Some YFFN Members have reported that the fish they catch are no longer as healthy and they 

are finding fish with tumours and growths on them (YFFN Evaluation Report [Kipekiskwaywinan]). 

Members have also commented on fish being different colours depending on water turbidity and that a 

lot of fish had scars from predatory fish. 

A detailed analysis of VEC species is presented in the following sections. 

5.3.2.2.1 Walleye 

Distribution and Abundance 

Walleye is a common species throughout the Split Lake Area. In Clark Lake, Split Lake, and Assean Lake, 

walleye accounted for approximately 20 to 50% of the index gillnet catch (Map 5-3). Although the 

relative contribution of walleye to the catch was relatively consistent among lakes, the overall CPUE in 

Assean Lake (26.9 fish/100 m/24 h) was higher than the CPUE in Split Lake (9.9 fish/100 m/24 h) and 

Clark Lake (6.2 fish/100 m/24 h) (Map 5-4). Although the proportion of walleye in the York Landing 

arm of Split Lake in 1999 (32.6% of the catch) was fairly consistent with the lake-wide sampling, the 

CPUE in this part of the lake was as much as twice the lake-wide averages observed in other years 

(19.9 walleye/100 m/24 h). 

Walleye were captured in all of the tributaries of Split Lake and Clark Lake that were fished as part of the 

Keeyask environmental studies. Walleye made up about 11% of the spring catch in the Burntwood River, 

most of which were captured below First Rapids. Walleye were also observed at a site in the Odei River 

approximately 30 km upstream of its confluence with the Burntwood River. Walleye accounted for about 

26% of the catch from the Nelson River during spring. During the spring, walleye were frequently 

captured at sites located at the confluence of the Grass and Nelson Rivers or immediately downstream of 

the Kelsey GS. In 2006, gill nets were set in this stretch of the Nelson River later in the season (late 

August to early September), during which time walleye were the most frequently captured species. At this 

time, most of the fish were captured at the confluence or at a site approximately 3 km upstream in the 

Grass River. The abundance of walleye in this reach of the Nelson River during the summer suggests that 

this area may support a resident population and is not just used in the spring for spawning. 

During the spring, walleye had a higher relative abundance in the Assean River and Hunting River  

(17–25%) than in the Crying River (8%). Most of the walleye captured the Assean River were captured 

further upstream, in the vicinity of Assean Lake, rather than at the downstream reach near Clark Lake. 



KEEYASK GENERATION PROJECT June 2012 

 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY 5-10 

The abundance of walleye in the lower reach of the Assean River was similar in the spring (6% of the 

catch) and fall (5% of the catch). Walleye were captured at sites throughout the Aiken River during spring 

studies, making up about 40% of the combined catch. Walleye made up approximately 25% of the spring 

catch in the Mistuska River, with most of the catch from sites near the mouth of the river. In contrast, 

walleye were rare at the mouth of the Ripple River during spring (2% of the combined catch). During fall, 

walleye was the most frequently captured species in the York Landing arm of Split Lake and its tributaries 

(32% of the combined catch). At this time of year, walleye were most frequently captured at sites located 

at the mouths of the Aiken and Mistuska Rivers. Mark/recapture data indicates that the same population 

of walleye likely uses both the Aiken and Mistuska Rivers as a number of walleye tagged in one river have 

been recaptured in the other. 

Habitat Use 

Spawning Habitat 

The Keeyask environmental studies provided evidence that walleye potentially spawn at several locations 

within the area (Appendix 5D).  

Based on the capture of spawning walleye and larvae in the area, the Burntwood River in the vicinity of 

First Rapids is likely used for spawning. Spawning walleye were also captured at the confluence of the 

Grass River with the Nelson River, suggesting that this area may also provide spawning habitat for 

walleye.  

Walleye likely spawn in the Assean River system as walleye eggs and larvae were captured in drift traps set 

in the river approximately 7 km upstream of Clark Lake and walleye in various stages of spawn were 

captured in the Hunting, Crying, and Assean rivers. The recapture of several walleye in Assean Lake and 

Split Lake two to three months after being tagged during the spring in the Assean River watershed 

suggests that some walleye enter the river system to spawn and then return to the lakes, possibly for 

summer feeding purposes.  

YFFN Members identified walleye spawning areas between cabin sites on the Aiken River and on the 

upper reaches of the Mistuska River downstream of community cabins (YFFN and HTFC 2002). A large 

spawning run of walleye was observed in the Aiken River. The majority of spawning walleye were 

captured moving upstream, suggesting that walleye ascend the Aiken River from Split Lake to spawn. 

Many of the walleye that were in spawning condition at the time of their initial capture in 2002 were 

recaptured in the Aiken River in spawning condition again the following spring, indicating that some 

portion of the walleye population returns to the Aiken River to spawn in successive years. Based on the 

presence of spawning fish and mark/recapture data, a similar spawning run likely occurs in the Mistuska 

River. In contrast, none of the fish captured at the mouth of the Ripple River showed any signs of 

spawning in 2002 or 2003, suggesting that this river may not provide spawning habitat for the species. 

Furthermore, it is unlikely that this tributary is used for spawning as a large set of waterfalls at the mouth 

of this river impeded fish movement into the river. 
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Rearing Habitat 

All but one of the seven young-of-the-year (YOY) walleye (less than 120 mm) captured in surface- and 

bottom-set small mesh gill nets set in Split/Clark lakes during the summer was captured in offshore 

habitat, which is characterized by deeper water and less macrophyte cover than nearshore habitat. In 

Assean Lake, all but one of the 24 YOY walleye was captured in the west basin or channel areas. They 

were captured in the west basin in sinking sets characterized by shallow water both with and without 

macrophyte cover, whereas in the channel they were captured in floating sets in deep water. Another two 

YOY walleye were captured in the Assean River approximately 7 km upstream of Clark Lake as part of 

the drift trap program conducted during 2002 and five YOY were captured in seine hauls performed in 

Clark Lake at the two sites closest to the mouth of the Assean River. These seven fish likely drifted down 

from spawning grounds in the Assean River after hatching. 

Foraging Habitat 

During the summer, adult/juvenile walleye (greater than 120 mm) were about twice as abundant in 

offshore habitat in Split/Clark lakes as nearshore habitat (Table 5-5). The offshore area of these lakes is 

generally characterized by deeper water with lower abundance of macrophytes compared to nearshore 

areas. In Assean Lake, walleye were captured more frequently utilizing foraging habitat in the channel 

area compared to either basin. Habitat characteristics were generally similar among the different areas of 

Assean Lake. The basins of Assean Lake consist primarily of a mixture of deep and shallow, low velocity 

water with soft silt and clay substrates, while the channel area is generally deeper and narrower than the 

basins with fewer macrophytes.  

Overwintering Habitat 

Surveys of walleye overwintering habitat in the Split Lake Area were not conducted as part of Keeyask 

environmental studies. Based on telemetry studies conducted during winter in the Nelson River between 

Clark Lake and Gull Rapids, walleye show a preference for low water velocity areas in off-current bays 

for overwintering (Section 5.3.2.3.1). Since this type of habitat is prevalent in Split, Clark, and Assean 

lakes, it is expected that these lakes provide ample overwintering habitat for walleye.  

5.3.2.2.2 Northern Pike 

Distribution and Abundance 

Northern pike is a common species throughout the Split Lake area. In Clark Lake, northern pike 

accounted for approximately 30% of the index gillnet catch, while in Split Lake and Assean Lake, they 

accounted for less than 18% of the catch (Map 5-5). The CPUE for northern pike was generally similar 

among waterbodies, with the mean CPUE at each lake ranging from 6.0 at Split Lake to 9.6 at Clark Lake 

(Map 5-6). Although the relative abundance of northern pike in the catch from the York Landing arm of 

Split Lake in 1999 (10.7%) was generally lower than observed in the whole-lake sampling conducted in 

subsequent years, the average CPUE (6.0 northern pike/100 m/24 h) was consistent with the lake-wide 

sampling. 
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Northern pike were captured in all of the tributaries of Split Lake and Clark Lake that were fished as part 

of environmental studies. Northern pike made up about 19% of the catch in the Burntwood River during 

spring, with most of the fish captured in the reach immediately below First Rapids or further downstream 

near the mouths of smaller tributaries. Northern pike were the most frequently captured species in the 

Nelson River below the Kelsey GS during the spring, accounting for about 31% of the catch, but were 

relatively uncommon in this reach during late summer, accounting for only about 8% of the catch. In the 

Assean River, northern pike were the most frequently captured species during spring studies, accounting 

for 45% of the combined catch. However, the relative abundance of northern pike in the fall catch was 

much lower, with northern pike accounting for only 16% of the catch. The spring catches in the Crying 

and Hunting Rivers comprised 8 and 17% northern pike, respectively. Northern pike were not the 

dominant species in the Aiken River during the spring studies, making up only 14% of the combined 

catch. In contrast, northern pike made up 75% of the catch at the mouth of the Ripple River and 41% of 

the catch in the Mistuska River during this season. At all three of these rivers, northern pike made up 

about 30% of the catch during the fall, with most of the northern pike captured at sites located near the 

mouths of these rivers. 

Habitat Use 

Spawning Habitat 

The Keeyask environmental studies provided evidence that northern pike potentially spawn at several 

locations within the area (Appendix 5D).  

Based on the capture of spawning northern pike and larvae in the area, the Burntwood River in the 

vicinity of First Rapids is likely used for spawning. Spawning northern pike were also captured in the 

Nelson River above Split Lake during the spring of 2002, suggesting that this area may also provide 

suitable spawning habitat for the species.  

Northern pike likely spawn in the Assean River system as northern pike larvae were captured in drift 

traps set in the river approximately 7 km upstream of Clark Lake and northern pike in various stages of 

spawn were captured in the Hunting, Crying, and Assean Rivers.  

Large numbers of northern pike were observed in the Aiken River during spring 2002 and 2003, many of 

which were in spawning condition, which suggests that the Aiken River is also an important spawning 

area for the species. The majority of northern pike in spawning condition were captured moving 

upstream, suggesting that northern pike ascend the Aiken River from Split Lake to spawn. Based on the 

presence of northern pike in spawning condition, a similar spawning run likely occurs in the Mistuska 

River. The abundance of northern pike in post-spawning condition that were captured during the spring 

of 2002 and 2003 at the mouth of the Ripple River, combined with the lack of suitable habitat for 

spawning at this location, suggest that this area is used as a recovery/feeding area following spawning.  

Rearing Habitat 

Young-of-the-year northern pike (less than 150 mm) were captured in Split and Clark lakes in seine nets 

and small mesh index gill nets set in nearshore habitat, which is characterized by shallower water and a 
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greater abundance of macrophyte cover than offshore areas. In Assean Lake, YOY northern pike were 

captured in small mesh index gill nets set in both the east and west basin, where they were considerably 

more abundant at sites characterized by aquatic vegetation. Several YOY northern pike were also 

captured in drift traps set in the Assean River approximately 7 km upstream of Clark Lake during 2002; 

these fish were likely drifting down to rearing habitat from spawning grounds. 

Foraging Habitat 

During the summer, adult/juvenile northern pike (greater than 150 mm) were captured in both nearshore 

and offshore areas of Split/Clark lakes (Table 5-5). They showed a slight preference for nearshore areas, 

which are characterized by shallower water and a greater abundance of macrophyte cover than offshore 

areas. Northern pike showed little preference among foraging habitat types in the different areas of 

Assean Lake; they were only marginally more abundant in the basins compared to the channel 

(Table 5-5). Habitat characteristics are generally similar among the different areas of Assean Lake, 

consisting primarily of a mixture of deep and shallow, low velocity water with soft silt and clay substrates, 

although the basins are generally shallower than the channel with more macrophytes.  

Overwintering Habitat 

Surveys of northern pike overwintering habitat were not conducted in the Split Lake Area as part of 

Keeyask environmental studies. Based on telemetry studies conducted during winter in the Nelson River 

between Clark Lake and Gull Rapids, northern pike show a preference for low water velocity areas in off-

current bays for overwintering (Section 5.3.2.3.1). Since this type of habitat is prevalent in Split, Clark, 

and Assean lakes, it is expected that these lakes provide ample overwintering habitat for northern pike. 

5.3.2.2.3 Lake Whitefish 

Distribution and Abundance 

Lake whitefish occur throughout the Split Lake area. However, they are not a major component of the 

fish community in Split or Clark lakes during summer, never accounting for more than 10% of the index 

gillnetting catch (Map 5-7). In contrast, lake whitefish composed about 20% of the index catch in Assean 

Lake in both 2001 and 2002. Likewise, the mean CPUE of lake whitefish in Assean Lake was more than 

five times higher than that observed in the other two lakes (Map 5-8). Both the proportion and CPUE of 

lake whitefish in the York Landing arm of Split Lake in 1999 (11.26% and 7.4 lake 

whitefish/100 m/24 h, respectively) was about twice as high as observed during the lake-wide sampling 

conducted in summer. 

Lake whitefish were also captured in most of the major tributaries of Split and Clark lakes fished as part 

of the environmental studies. In the Assean River, lake whitefish were captured incidentally in hoop nets 

set during the spring (less than 1% of the catch); however, in the fall, they were the dominant species 

captured (65% of the catch). Lake whitefish were not captured in nets set at the mouths of either the 

Hunting or Crying Rivers. Similarly, lake whitefish were captured infrequently in the Aiken River and 

Ripple River during spring (less than 2% of the catch) and the relative abundance of the species increased 

at the mouths of these rivers during the fall to about 10%. In contrast, the relative abundance of lake 
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whitefish remained fairly constant at the Mistuska River between seasons. Lake whitefish were captured 

in the Burntwood River during spring, where they made up approximately 4% of the catch. Most fish 

were captured at sites located at the confluence of the Odei and Burntwood Rivers, while a few more 

were captured downstream of First Rapids. During the same season, lake whitefish made up about 9% of 

the catch in the Nelson River downstream of the Kelsey GS; they were not captured in this stretch of the 

river in 2006 when gill nets were set later in the year (late August to early September). Most of the lake 

whitefish were captured at sites located at the confluence of the Grass and Nelson Rivers and in an off-

current bay downstream of the spillway. Lake whitefish were also captured at sites upstream in the Grass 

River near tributary mouths.  

Habitat Use 

Spawning Habitat 

The Keeyask environmental studies provided evidence that lake whitefish potentially spawn at several 

locations within the area (Appendix 5D). 

Based on the capture of lake whitefish and coregonine larvae in the area during spring, the Burntwood 

River in the vicinity of First Rapids is likely used for spawning. Spawning adults have not been observed 

at this location as gill nets were not set in the river during the fall. 

The Assean River may also provide lake whitefish spawning habitat. Several lake whitefish were captured 

at the mouth of the Assean River and in nearby Clark Lake in pre-spawn condition during fall; these fish 

were likely staging before ascending to spawning areas upstream in the Assean River. Large numbers of 

lake whitefish in spawning condition, many ripe and running, were captured in the Assean River 

approximately 200 metres (m) upstream of the bridge crossing at Provincial Road (PR) 280. The 

recapture of spawning lake whitefish during the fall of 2002 in approximately the same location in which 

they had been tagged the previous year, suggests that lake whitefish may return to the same location to 

spawn in successive years. A small number of whitefish larvae were captured in drift traps set 

approximately 7 km upstream of Clark Lake and at inshore locations in Clark Lake in neuston tows; it is 

likely that these larvae drifted down from upstream spawning locations in the Assean River. 

It is possible that lake whitefish may also spawn in the tributaries of the York Landing arm of Split Lake. 

While few lake whitefish were captured directly in the Aiken and Mistuska Rivers during fall, several lake 

whitefish were captured in Split Lake at, or near, the mouths of these rivers, where they may stage prior 

to upstream spawning movements. 

Rearing Habitat 

Five YOY lake whitefish (less than 100 mm) were captured in seine hauls conducted in Clark Lake in 

nearshore habitat that had no macrophyte cover. In Assean Lake, the majority of YOY lake whitefish 

were captured in the west basin, where they were captured at shallow water sites both with and without 

macrophyte cover. 
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Foraging Habitat 

During the summer, adult/juvenile lake whitefish (greater than 100 mm) were captured in both nearshore 

and offshore areas of Split/Clark lakes (Table 5-5). They showed a slight preference for offshore areas, 

which are characterized by deeper water and lower abundance of macrophyte cover compared to 

nearshore areas. In Assean Lake, lake whitefish were captured more frequently utilizing foraging habitat 

in the west and east basins compared to the channel area. The basins are generally characterized by a 

mixture of deep and shallow, low velocity water with soft silt and clay substrates, and macrophyte growth 

in shallow marshy bays. 

Overwintering Habitat 

Surveys of lake whitefish overwintering habitat were not conducted in the Split Lake Area as part of 

Keeyask environmental studies. Based on telemetry studies conducted during winter in the Nelson River 

between Clark Lake and Gull Rapids, lake whitefish show a preference for low water velocity areas in off-

current bays for overwintering (Section 5.3.2.3.1). Since this type of habitat is prevalent in Split, Clark, 

and Assean lakes, it is expected that these lakes provide ample overwintering habitat for lake whitefish. 

5.3.2.3 Keeyask Area 

5.3.2.3.1 Nelson River between Clark Lake and Gull Rapids 

During the summer, the Nelson River between Clark Lake and Gull Rapids (Map 5-9) was intensively 

sampled for large-bodied fish species with standard gang index gill nets from 2001 to 2002, and for small-

bodied fish with small mesh index gill nets during 2001 and 2002 and seine nets from 2001 to 2003 (Map 

5-10; Appendix 5B). An additional standard gang index gillnetting program was conducted during the fall 

in 1999. This stretch of the Nelson River, as well as several of its smaller tributaries, was sampled 

between 2001 and 2004 to address use of the area by spring and fall spawners using a variety of 

equipment as described in Appendix 5B. Backpack electrofishing was used during the spring and fall of 

2002 and 2003 to assess the use of tributaries by forage species. The use of overwintering habitat in the 

Keeyask Area by the three VEC species was assessed using telemetry. The drifting fish community in the 

study area was quantified during the late summer and fall of 2003 and 2004. 

A total of 35 fish species were captured in the Nelson River between Clark Lake and Gull Rapids, and 

adjacent waterbodies (Table 5-1). Lake sturgeon was among the species captured and is discussed 

separately in Section 6. During the summer, walleye, northern pike, and white sucker were the most 

abundant large-bodied species in both Gull Lake and the Nelson River (Table 5-7). However, several 

species, including lake whitefish, mooneye, sauger, and walleye were relatively more abundant in Gull 

Lake, whereas yellow perch, longnose sucker, and shorthead redhorse were more abundant upstream in 

the Nelson River. A similar species composition, in both Gull Lake and the upstream riverine section, 

was observed in fall 1999 (Table 5-7). There was little difference among the use of foraging habitat by 

large-bodied species among backbays and nearshore and offshore lacustrine areas; however, only about 

half as many fish were captured in riverine areas of the Nelson River (Table 5-8). Riverine habitats 

generally differed from other habitat types in being characterized as having faster water velocities. Several 

species of large-bodied fish were observed to spawn throughout the Nelson River between Clark Lake 
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and Gull Rapids, including Gull Lake, wherever suitable habitat existed, including walleye, northern pike, 

and lake whitefish. A few species made use of the areas immediately upstream and downstream of 

Birthday Rapids (e.g., white and longnose sucker, freshwater drum, walleye, and lake whitefish) and small 

tributaries (e.g., yellow perch, northern pike).  

With respect to forage species, the three most abundant species captured in gill nets set during the 

summer were spottail shiner, trout-perch, and rainbow smelt (Table 5-9). Emerald shiner were also 

abundant, but were only common in surface-set nets (Table 5-10). The two shiner species also dominated 

the seine catches, along with Johnny darter, longnose dace, and rainbow smelt (Table 5-11). Foraging 

small-bodied fish were particularly abundant in backbay areas and offshore lacustrine areas and, to a 

lesser extent, nearshore lacustrine areas (Table 5-8 and Table 5-12). They were infrequently captured 

foraging in riverine areas, which are generally characterized as having higher velocity waters. Many of the 

same forage species present in the mainstem were also captured in the tributaries during the spring and 

fall. Two Goose and Portage Creeks, along with Seebeesis Creek, generally supported a greater species 

diversity of forage species (six to twelve species) than the other creeks sampled (one to four species). 

Two Goose Creek yielded the most fish regardless of season, primarily due to an abundance of minnows 

and sculpins (Map 5-11). Mean CPUE values were also high in Trickle Creek in spring and Rabbit Creek 

in fall primarily due to large numbers of stickleback and darters, respectively. Several small-bodied fish, 

including cyprinids, cottids, darters, sticklebacks, logperch, and trout-perch, were observed to have 

spawned in the area downstream of Birthday Rapids and the area upstream of Gull Rapids. Spawning of 

cottids and cyprinids was also observed in several of the tributaries, including Portage, Two Goose, 

and/or Fork Creeks.  

A commercial fishery on Gull Lake was reported in only 1998, at which time 206 kg (dressed weight) was 

harvested (FFMC, unpubl. data). The main species harvested in this year were lake whitefish and northern 

pike. Domestic harvest may also occur in the area, but the quantity and locations of such a fishery are not 

available. Many FLCN Members describe fish from the Nelson River as unpalatable or as unfit for 

human consumption due to a greater number of lesions and growths on the exterior of the fish indicating 

that they are diseased or contaminated (FLCN 2010 Draft). 

A detailed analysis of VEC species is presented in the following sections.  

Walleye 

Distribution and Abundance 

Walleye are an important component of the fish community of Gull Lake and upstream in the Nelson 

River, accounting for approximately 20% of the index gillnet catch (Map 5-3). During the summer, the 

mean CPUE of walleye in Gull Lake was about twice that observed upstream in the Nelson River 

(Table 5-7). Walleye were about equally abundant during the fall of 1999, during which time the species 

accounted for 14.7% of the catch (Table 5-7). Walleye were relatively uncommon in the small mesh index 

gillnet catch, accounting for 1.0% of the catch in bottom-set nets in the summer of 2001 and 2002. The 

capture rate in these nets was less than 1 fish/30 m/24 h in both years.  
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The proportion of walleye captured during the spring gillnetting programs (13.7%; 2001–2006) and fall 

(16.2%; 2001–2003) was similar to that observed during the standard gang index programs. Although 

walleye were generally common at the creek mouths, they were never caught upstream in any of the 

tributaries or their associated lakes (i.e., Carscadden and Little Gull) surveyed, regardless of season or gear 

type.  

Habitat Use 

Spawning Habitat 

Keeyask environmental studies provided evidence that walleye potentially spawn at several locations 

within the area (Map 5-12; detailed information is provided in Appendix 5D). The telemetry studies did 

not detect large congregations of walleye between Birthday and Gull rapids during spring that would have 

identified important spawning locations. The data suggests that walleye may spawn wherever suitable 

habitat is located within both the Nelson River and Gull Lake rather than congregating in one location. 

In particular, walleye may use Birthday Rapids for spawning as a few of the radio-tagged walleye were 

relocated in the vicinity of the rapids when water temperatures were within the species‟ preferred 

spawning range and several walleye were captured both above and below the rapids in spawning 

condition. However, the drift trap program provided little evidence to conclusively support that walleye 

spawn in the vicinity of Birthday Rapids as few walleye eggs or larvae were captured in the vicinity of the 

rapids.  

Rearing Habitat 

Young-of-the-year walleye (less than 120 mm) were captured in seine nets and small mesh index gill nets 

set in lacustrine, riverine, and backbay habitat throughout the Nelson River reach below Birthday Rapids 

(Map 5-12). Numerous YOY fish that could only be identified as belonging to the genus Sander were 

captured drifting out of Birthday Rapids, presumably to downstream rearing habitat.  

Foraging Habitat 

During the summer, adult/juvenile walleye (greater than 120 mm) were captured in all habitat types 

sampled in the Keeyask Area, although they were slightly more abundant in nearshore and offshore 

lacustrine habitat compared to backbay and riverine habitat (Map 5-12). Lacustrine habitats were 

generally characterized as having a mixture of deep and shallow areas with low to moderate water 

velocity, primarily gravel/cobble/boulder substrates, and sparse macrophyte cover. 

Overwintering Habitat 

All but one of the walleye in the Keeyask Area that had been implanted with radio-transmitters were 

relocated at least once during the tracking flights conducted during the winters of 2002 to 2004. These 

fish were relocated throughout Gull Lake, but were most frequently detected in Kahpowinic and 

Weejeeweeniya bays on the north side of Gull Lake, suggesting that these off-current areas may provide 

important overwintering habitat for the species (Map 5-12). One of the radio-tagged walleye appeared to 

have overwintered above Birthday Rapids during 2002–2003.  



KEEYASK GENERATION PROJECT June 2012 

 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY 5-18 

Northern Pike 

Distribution and Abundance 

Northern pike was the most frequently captured species during the standard gang index gillnetting 

program in both Gull Lake and the upstream reach of the Nelson River, accounting for more than 30% 

of the index gillnet catch (Map 5-3). During the summer, the mean CPUE of northern pike in Gull Lake 

was about the same as that observed upstream in the Nelson River (Table 5-7). The species was more 

abundant in the reach during the fall of 1999, during which time the species accounted for 60.4% of the 

standard gang index catch and had an average CPUE of 14.9 fish/100 m/24 h. Northern pike were 

relatively uncommon in the small mesh index gillnet catch, accounting for 1.2% of the catch in bottom-

set nets in the summer of 2001 and 2002.  

The proportion of northern pike captured during the tagging programs conducted in the reach during the 

spring (42.8%; 2001–2006) and fall (57.5%; 2001–2003) was similar to that observed during the summer 

index programs.  

Northern pike were observed upstream in all of the tributaries assessed during the spring and fall except 

for Fork Creek. In both seasons, Portage Creek (1.0–1.5 fish/100 s) yielded the most northern pike 

during the 2003 backpack electrofishing survey of all of the tributaries fished (0–0.9 fish/100 s). 

Northern pike were also captured in Carscadden Lake during the summer standard gang index gillnetting 

survey in 2002, where they had a CPUE value of 18.8 fish/100 m/24 h. No northern pike were captured 

in Little Gull Lake.  

Habitat Use 

Spawning Habitat 

Keeyask environmental studies provided evidence that northern pike potentially spawn at several 

locations within the area (Map 5-13; detailed information is provided in Appendix 5D). There is suitable 

spawning habitat for northern pike along the Nelson River mainstem between Birthday Rapids and Gull 

Rapids, notably at tributary mouths and in off-current bays. Telemetry studies located radio-tagged 

northern pike throughout this area when water temperatures were within the species‟ preferred spawning 

range, suggesting that the species spawns opportunistically wherever spawning habitat is available. The 

Nelson River may also provide spawning habitat for northern pike in the vicinity of Birthday Rapids and 

upstream of the rapids. A few spawning adults and northern pike larvae were captured below the rapids 

during spring and two of the radio-tagged northern pike were relocated near the rapids during the time 

water temperatures were within the preferred spawning range for the species (late-May to early-June) in 

2002. Spawning northern pike and larvae were also captured upstream in several of the tributaries. 

Rearing Habitat 

Young-of-the-year northern pike (less than 150 mm) were observed upstream in several of the tributaries 

along the Nelson River mainstem (e.g., Seebeesis, Effie, Nap, Portage, Rabbit, Trickle, and Two Goose) 

during backpack electrofishing surveys and also were captured in drift traps set in these tributaries 
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indicating that these creeks provide important foraging habitat for immature northern pike (Map 5-13). 

Along the mainstem, northern pike YOY were primarily captured in backbay and nearshore lacustrine 

habitats, which are generally characterized by shallow, slower moving water with areas of macrophyte 

cover. Large numbers of YOY northern pike were captured in drift traps set immediately below Birthday 

Rapids, presumably drifting downstream to rearing habitat. In spring of 2004, a few YOY were also 

observed drifting downstream from spawning areas in the reach above Birthday Rapids. 

Foraging Habitat 

During the summer, adult/juvenile northern pike (greater than 150 mm) were about twice as abundant in 

backbay and nearshore lacustrine habitat types sampled in the Keeyask Area, compared to riverine and 

offshore lacustrine habitat (Map 5-13). Habitat preferred by northern pike for foraging are generally 

characterized as being shallow with standing to low water velocity, primarily soft silt/clay substrates, and, 

particularly in backbays, presence of macrophyte cover. 

Overwintering Habitat 

All of the northern pike that had been implanted with radio-transmitters were relocated at least once 

during the tracking flights conducted during the winters of 2002 to 2004. In all three years, small 

aggregations of these fish were frequently detected in Kahpowinic, Weejeeweeniya, and Effie bays on the 

north side of Gull Lake, suggesting that these off-current areas may provide important overwintering 

habitat for the species (Map 5-13).  

Lake Whitefish 

Distribution and Abundance 

Environmental studies have shown that lake whitefish are not a major component of the fish community 

of the Nelson River between Clark Lake and Gull Rapids during summer, never accounting for more 

than 10% of the standard gang index gillnet catch (Map 5-7). The mean CPUE of lake whitefish in Gull 

Lake was about twice that observed upstream in the Nelson River (Table 5-7). Very few lake whitefish 

were captured in small mesh index gill nets set in the reach. Lake whitefish were no more abundant in the 

reach during the fall of 1999, during which time the species accounted for only 4.6% of the index catch 

and had an average CPUE of 1.1 lake whitefish/100 m/24 h.  

The proportion of lake whitefish captured during the tagging programs conducted in the reach during the 

spring (3.4%; 2001–2006) and fall (7.4%; 2001–2003) was similar to that observed during the summer 

index program. Lake whitefish were never caught in any of the tributaries surveyed, regardless of season 

or gear type.  

Habitat Use 

Spawning Habitat 

Keeyask environmental studies provided evidence that lake whitefish potentially spawn within the 

Keeyask Area (Map 5-14; detailed information is provided in Appendix 5D). The telemetry studies did 
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not detect large aggregations of lake whitefish in the Nelson River mainstem during the fall, which would 

have identified important spawning locations. The presence of larvae in Gull Lake during the early spring 

indicates that some spawning occurs in this area. The capture of large numbers of larvae upstream and 

downstream of Birthday Rapids suggests that some spawning occurs in the vicinity of the rapids. 

Rearing Habitat 

Rearing habitat for lake whitefish occurs primarily in backbay and nearshore lacustrine habitat along the 

mainstem of the Nelson River downstream of Birthday Rapids, particularly those fed by small tributaries, 

as evidenced by the capture of YOY lake whitefish (less than 100 mm) during the small mesh index 

gillnetting and seining programs (Map 5-14). Large numbers of YOY lake whitefish and Coregonus spp. 

were captured in drift traps set immediately below Birthday Rapids during spring, presumably drifting 

downstream to rearing habitat. In spring of 2004, a few YOY were also observed drifting downstream 

from spawning areas in the reach above Birthday Rapids. 

Foraging Habitat 

During the summer, adult/juvenile lake whitefish (greater than 100 mm) were about twice as abundant in 

offshore lacustrine habitat sampled in the Keeyask Area compared to backbays and nearshore lacustrine 

habitats (Map 5-14). Lake whitefish were relatively uncommon in riverine habitat during this time. The 

preferred habitat of lake whitefish for foraging was generally characterized as being deep with low to 

moderate water velocity, primarily gravel/cobble/boulder substrates, and little to no macrophyte cover.  

Overwintering Habitat 

Four of the five lake whitefish implanted with radio transmitters were relocated at least once during radio 

tracking flights conducted during the winters of 2002 and 2003. The limited data suggest that this species 

overwinters in off-current areas Gull Lake, particularly in bays along the north shore (Map 5-14). 

5.3.2.3.2 Gull Rapids 

The Nelson River below Gull Rapids (Map 5-9) was sampled intensively with small mesh and standard 

gang index gill nets during the summer of 2002 and 2003 (Map 5-10; Appendix 5B). The use of Gull 

Rapids Creek and the Pond 13 system by forage species was assessed during fall of 2003 and spring of 

2005 and 2006 using several techniques (Appendix 5B). Sampling to address use of the area by spring and 

fall spawners was also conducted in this area between 2001 and 2006 using a variety of equipment as 

described in Appendix 5B. The drifting fish community in the study area was quantified during the late 

summer and fall of 2003 and 2004. 

A total of 32 fish species were captured in or immediately below Gull Rapids between 2001 and 2006 

(Table 5-1). Lake sturgeon was among the species captured and is discussed separately in Section 6. 

During the summer, the most abundant large-bodied species below the rapids were walleye, sauger, and 

northern pike (Table 5-7). The use of riverine habitat below Gull Rapids for foraging by large-bodied fish 

was about twice the level in riverine habitat upstream of Gull Rapids and was more similar to levels in 

lacustrine habitats (Table 5-8). Evidence for the use of the Gull Rapids Area for spawning was observed 

for several large-bodied species including lake whitefish, white sucker, longnose sucker, yellow perch, 
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freshwater drum, mooneye, northern pike, walleye, and sauger. Resource users and Elders from the 

KCNs have highlighted the importance of Gull Rapids as spawning habitat (FLCN 2010 Draft; CNP 

Keeyask Environmental Evaluation Report; FLCN Environment Evaluation Report [Draft]). There was 

little evidence for the use of Gull Rapids Creek for spawning of large-bodied species. Numerous YOY of 

at least one species of catostomid, longnose sucker, were captured in Gull Rapids Creek; these fish are 

likely part of a resident population that resides in its unnamed headwater lake. 

The three most abundant forage species captured below the rapids in the summer were emerald shiner, 

trout-perch, and spottail shiner (Table 5-9). The use of riverine habitat below Gull Rapids for foraging by 

forage fish was about twice the level in riverine habitat upstream of Gull Rapids but was not as high as 

the level in lacustrine habitats (Table 5-8). The most abundant fish species in drift traps set below Gull 

Rapids during late summer and fall were rainbow smelt and emerald shiner. A greater species diversity 

was observed in traps set in August compared to those set later in the season. Likewise, the abundance of 

fish in the traps declined over time in both 2003 and 2004. The forage fish catch in Gull Rapids Creek 

during fall included at least seven species of forage fish but was dominated by longnose dace (greater 

than 80%). Three species of forage fish, brook stickleback, fathead minnow, and emerald shiner, were 

captured upstream in the headwater lake of this creek during summer. Analysis of results concluded that 

several small-bodied fish, including cyprinids, cottids, rainbow smelt, trout-perch, logperch, stickleback, 

and darters, spawned in Gull Rapids, but not in Gull Rapids Creek or the Pond 13 system. 

There is no commercial fishery associated with the Gull Rapids Area specifically; however, since there is 

movement of fish between the Nelson River below Gull Rapids and Stephens Lake, they could be 

susceptible to commercial fisheries operating in Stephens Lake (described in Section 5.3.2.4). Gull Rapids 

is a valued domestic harvesting location to the Fox Lake Cree, particularly for walleye. 

A detailed analysis of VEC species is presented in the following sections.  

Walleye 

Distribution and Abundance 

The index gillnetting programs conducted in the reach below Gull Rapids indicated that walleye are an 

important component of the fish community, accounting for approximately 30% of the catch from 2002 

to 2003 (Map 5-3). The CPUE for the species was relatively constant between years, ranging from 6.2 to 

6.6 walleye/100 m/24 h (Map 5-4). Walleye were relatively uncommon in the small mesh index gill nets, 

accounting for about 2% of the bottom-set catch during the summer of 2002 and 2003.  

The proportion of walleye captured during tagging programs conducted in and below Gull Rapids was 

about the same in the spring as during the fall, ranging from 22–25% of the catch. Several walleye were 

also captured in Pond 13 during the spring of 2005 and 2006. Walleye were not observed in Gull Rapids 

Creek. 
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Habitat Use 

Spawning Habitat 

Keeyask environmental studies provided evidence that Gull Rapids is an important spawning area for 

walleye inhabiting Stephens Lake (Map 5-12; detailed information is provided in Appendix 5D). Several 

larval walleye and Sander spp. were captured in drift traps set within and below Gull Rapids during the 

spring. Numerous spawning walleye were captured below the rapids during the spring, and a few of the 

walleye radio-tagged that were released into Stephens Lake were later relocated in this area when water 

temperatures were within the species‟ spawning range. There is little evidence from movement studies 

that walleye from Gull Lake move downstream into the rapids to spawn (as discussed in Section 5.3.2.6).  

Rearing Habitat 

The area immediately downstream of Gull Rapids likely does not provide important rearing habitat for 

walleye as evidenced by the capture of few YOY fish (less than 120 mm) in small mesh gill nets during 

summer. Rather, the capture of numerous YOY walleye in drift traps set below the rapids during spring 

suggests that immature walleye drift downstream to forage in rearing habitat in Stephens Lake during 

summer.  

Foraging Habitat 

The use of riverine habitat below Gull Rapids for foraging by adult/juvenile walleye (greater than 

120 mm) was about twice the level in riverine habitat upstream of Gull Rapids and was more similar to 

the level in lacustrine habitats (Table 5-8).  

Overwintering Habitat 

There are limited data on the use of the Gull Rapids reach by overwintering walleye. None of the radio-

tagged walleye were relocated within this reach during the winter. Due to the relatively high water 

velocities within and just downstream of Gull Rapids, most walleye likely overwinter further downstream 

in Stephens Lake. Four of the five fish implanted with transmitters that had been released below the 

rapids during the fall of 2001 were relocated in Stephens Lake over the following two winters (refer to 

Section 5.3.2.4).  

Northern Pike 

Distribution and Abundance 

Index gillnetting studies indicated that northern pike are not a major component of the Gull Rapids Area 

fish community during the summer, accounting for only 12% of the catch from 2002 to 2003 (Map 5-5). 

The mean CPUE for the species ranged from 2.5 to 2.9 northern pike/100 m/24 h between sample years 

(Map 5-6). Northern pike were infrequently captured in small mesh index gill nets, accounting for less 

than 2% of the bottom-set gill net catch.  
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The tagging programs revealed that northern pike were not as prevalent in the Gull Rapids reach during 

the fall (2001–2003), when they composed an average of 16% of the catch, as they were during the spring 

(2001–2006), when they accounted for over 30% of the catch.  

Northern pike were captured in both of the tributary waterbodies of Gull Rapids that were fished during 

the spring of 2005 and 2006. A few northern pike were captured in the hoop net set in Gull Rapids Creek 

and several more were captured in gill nets set in the Pond 13 system.  

Habitat Use 

Spawning Habitat 

Keeyask environmental studies provided evidence that Gull Rapids is an important spawning area for 

northern pike inhabiting Stephens Lake (Map 5-13; detailed information provided in Appendix 5D). 

Several larval northern pike were captured in drift traps set within and below Gull Rapids during spring in 

2001 and 2003 and numerous spawning northern pike were captured in and below the rapids during the 

spring. Although none of the radio-tagged northern pike were released in below Gull Rapids, the one 

radio-tagged northern pike that moved downstream into Stephens Lake was relocated at the base of the 

Gull Rapids on multiple occasions in 2003 when water temperatures were within the species‟ spawning 

range. There is little evidence from movement studies that northern pike from Gull Lake move 

downstream into the rapids to spawn (as discussed in Section 5.3.2.6).  

Rearing Habitat 

The area immediately downstream of Gull Rapids does not provide important rearing habitat for 

northern pike as evidenced by the absence of YOY fish (less than 150 mm) in small mesh gill nets set in 

the area during summer. Rather, the capture of large numbers of YOY northern pike in drift traps set 

below the rapids during spring, suggests that immature northern pike drift downstream to forage in 

rearing habitat in Stephens Lake during summer.  

Foraging Habitat 

The use of riverine habitat below Gull Rapids for foraging by adult/juvenile northern pike (greater than 

150 mm) was considerably less than the level in riverine or lacustrine habitat upstream of Gull Rapids 

indicating that the Gull Rapids Area is not important as foraging habitat for the species (Table 5-8). 

Overwintering Habitat 

Limited information on the overwintering locations of northern pike is available for the Gull Rapids area. 

Due to the relatively high water velocities within and immediately below Gull Rapids, most northern pike 

likely overwinter further downstream in Stephens Lake. One of the northern pike implanted with a radio-

transmitter was relocated in the winter at the base of Gull Rapids in 2003 after it had moved out of Gull 

Lake and through Gull Rapids.  
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Lake Whitefish 

Distribution and Abundance 

Data collected from the index gillnetting programs conducted below Gull Rapids from 2002 to 2003 

indicated that lake whitefish are generally not a major component of the fish community during the 

summer, as no lake whitefish were captured in this reach during sampling (Map 5-7and Map 5-8). In 

contrast, lake whitefish accounted for almost half (46%) of the catch in gill nets set in and below the 

rapids during the fall.  

Two lake whitefish were captured in gill nets set in the Pond 13 system during the spring of 2005 and 

2006.  

Habitat Use 

Spawning Habitat 

Keeyask environmental studies provided evidence that Gull Rapids is an important spawning area for 

lake whitefish inhabiting Stephens Lake (Map 5-14; detailed information is provided in Appendix 5D). 

The FLCN have also reported that lake whitefish spawn close to Gull Rapids (FLCN 2010 Draft). More 

than half of the lake whitefish captured as part of Keeyask environmental studies in the Gull Rapids Area 

during the fall of 2001–2003 were preparing or ready to spawn, most of which were captured at sites 

located at the base of the rapids. Likewise, several of the lake whitefish implanted with acoustic 

transmitters in Stephens Lake were frequently detected immediately below Gull Rapids from late 

September to early October 2002 and 2003. There is little evidence from movement studies that lake 

whitefish from Gull Lake move downstream into the rapids to spawn (as discussed in Section 5.3.2.6). 

The use of Gull Rapids as a spawning location is further supported by the capture of numerous lake 

whitefish or coregonine larvae in the drift traps set in and immediately downstream of Gull Rapids.  

Rearing Habitat 

The area immediately downstream of Gull Rapids does not provide important rearing habitat for lake 

whitefish as evidenced by the absence of YOY fish (less than 100 mm) in small mesh gill nets set in the 

area during summer. Rather, the capture of numerous YOY lake whitefish and fish that could only be 

identified as genus Coregonus in drift traps set below the rapids during spring, suggests that immature lake 

whitefish drift downstream to forage in rearing habitat in Stephens Lake during summer. 

Foraging Habitat 

No adult/juvenile lake whitefish (greater than 100 mm) were captured during the summer index 

gillnetting program, indicating that the Gull Rapids Area is not important as foraging habitat for the 

species.  
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Overwintering Habitat 

Limited data exist for the overwintering use of the Gull Rapids reach by lake whitefish. Due to the 

relatively high water velocities in the Gull Rapids area, most lake whitefish likely overwinter in Stephens 

Lake. Only one of the radio-tagged lake whitefish that was released below Gull Rapids was relocated 

during winter tracking flights; it was observed in eastern Stephens Lake (described in Section 5.3.2.4).  

5.3.2.4 Stephens Lake Area 

Stephens Lake (excluding the riverine section below Gull Rapids; Map 5-15) was sampled intensively with 

small mesh and standard gang index gill nets during the summer from 2002 to 2003 (Map 5-16; 

Appendix 5B). Prior to Keeyask environmental studies, the Kettle reservoir was sampled with standard 

gang index gill nets during the summer in 1999. Sampling to address use of the area by spring and fall 

spawners was conducted between 2001 and 2006 in the riverine sections of this area, including the 

inflowing sections of the North and South Moswakot Rivers, using a variety of equipment as described in 

Appendix 5B. Fish use of main basin and bay habitat was assessed in the north arm of Stephens Lake 

during the summer of 2005 using small mesh gill nets and the two smallest panels from a standard gang 

index gill net. To assess fish drift out of Stephens Lake, the drifting fish community downstream of the 

Kettle GS was quantified during the open-water season of 2003 and 2004. 

A total of 23 fish species were captured in the Stephens Lake Area from 1999 to 2006 (Table 5-1). Lake 

sturgeon was among the species captured during Keeyask environmental studies and is discussed 

separately in Section 6. During the summer, the most abundant large-bodied species in the lake were 

walleye, northern pike, and white sucker (Table 5-13). The CPUE for the total catch in Stephens Lake 

was considerably higher in the north arm compared to the old Nelson River channel, but there was little 

difference in the use of nearshore and offshore habitat for foraging in either area (Table 5-14). Several 

large-bodied species were found spawning in the Stephens Lake area: white sucker, walleye, northern 

pike, and lake whitefish in the South Moswakot River; yellow perch, walleye, northern pike, and lake 

whitefish in the North Moswakot River; and cisco and burbot in Stephens Lake. Likewise, Members of 

FLCN have reported that the North and South Moswakot Rivers and Looking Back Creek provide 

spawning habitat to walleye, northern pike, lake whitefish, sauger, and sucker (FLCN 2010 Draft).  

With respect to forage species, spottail shiner, trout-perch, and rainbow smelt were the most abundant 

species in Stephens Lake during the summer (Table 5-15). Emerald shiner were also abundant in 

Stephens Lake, but were only common in surface-set nets (Table 5-16). Forage fish were most abundant 

in offshore habitat in the north arm of the lake and in nearshore habitat in the old Nelson River channel 

(Table 5-14). In comparison, they were relatively uncommon in offshore habitat in the old Nelson River 

channel, which was likely a reflection of these sites being the only ones fished in the lake that were 

characterized by moderate water velocity. Cyprinids were observed to have spawned in the North 

Moswakot River. A number of forage species, primarily emerald shiner and rainbow smelt, were captured 

in drift traps set in the Nelson River below the Kettle GS in 2003 and 2004. However, it is unclear 

whether these fish originated from this section of the river or drifted downstream out of Stephens Lake. 

Habitat modelling studies conducted in the north arm of Stephens Lake during 2005 showed that the 

overall species diversity and abundance of fish in flooded main basin and bay areas were similar during 
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the summer (Table 5-17). Mooneye, lake chub, and slimy sculpin, though captured relatively infrequently, 

were only captured at sites located in the main basin. Capture rates for trout-perch and both mature and 

immature walleye were higher in the main basin compared to the bays. In contrast, yellow perch were 

more frequently captured in flooded bays. Fish capture rates and diversity were relatively similar among 

the four habitat types sampled in flooded bays, but were higher in the main basin in shallow water 

habitat, regardless of macrophyte presence or absence, compared to deep, open water areas.  

No commercial fishery was reported on Stephens Lake between 1997 and 2008 (FFMC unpubl. data). 

However, one Gillam resident holds an experimental license for Stephens Lake that authorizes harvesting 

for local sale. This fishery produces 100–300 pounds of fillets of walleye per day for 10 weeks. Northern 

pike are captured incidentally as part of this commercial harvest (FLCN 2010 Draft).  

Domestic harvest also occurs in the area. The FLCN resource users harvests throughout Stephens Lake, 

notably the northern and western portions (FLCN 2010 Draft). However, many FLCN Members will not 

eat fish from Stephens Lake due to the poor quality of the fish fillets and fear that the meat is „polluted‟ 

(FLCN 2010 Draft). Ferris Bay is a notable location for the FLCN to harvest lake whitefish, and to a 

lesser extent, walleye. Walleye are harvested by FLCN in large numbers at Looking Back Creek during the 

spring run immediately after the thaw. Recreational fishing occurs in locations that are easily accessible by 

boat or road (e.g., on Stephens Lake by the Gillam marina, North and South Moswakot rivers by the 

highway). 

A detailed analysis of VEC species is presented in the following sections.  

5.3.2.4.1 Walleye 

Distribution and Abundance 

Walleye are found throughout the Stephens Lake area. The results of the index gillnetting programs 

indicated that this species is an important component of the fish community of Stephens Lake, 

accounting for approximately 36% of the index gillnet catches in 2002 and 2003 (Map 5-3). Although the 

proportion of walleye in the 2003 catch (28%) was lower than in 2002 (40%), the CPUE for the species 

was relatively constant between years, ranging from 7.1 to 8.6 walleye/100 m/24 h (Map 5-4). Walleye 

were relatively uncommon in the small mesh index gillnet catch, accounting for 2.3–4.1% of the catch in 

bottom-set nets in 2002 and 2003.  

Walleye were captured in all of the tributaries of Stephens Lake that were fished as part of the 

environmental studies. During the spring, walleye accounted for a higher proportion of the combined 

catch in the North Moswakot River (17%) compared to the South Moswakot River (8%). At both rivers, 

walleye were more frequently captured in gill nets, which were set near Stephens Lake (22–47% of the 

catch), than in hoop nets, which were set in the upstream reaches (0.3–16%). Comparatively fewer 

walleye were captured in either river during the fall (less than 3% of the combined catch).  
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Habitat Use 

Spawning Habitat 

Keeyask environmental studies provided evidence that walleye potentially spawn at several locations 

within the Stephens Lake Area (Appendix 5D).  

It is probable that walleye spawn in the North and South Moswakot Rivers as walleye in spawning 

condition were captured in both rivers during the spring of 2003. Data collected suggest that walleye 

spawn in the upper reaches of these tributaries, although it is not possible to identify an exact spawning 

location in either river as larval walleye were not captured in the drift nets set in the upstream reaches of 

these rivers. As discussed in Section 5.3.2.5.1, walleye were also observed spawning in Looking Back 

Creek during the spring stream crossing assessment.  

Resource users from FLCN report that walleye likely spawn in Stephens Lake in the far corner of Ferris 

Bay and leave the area after spawning (FLCN 2010 Draft). Very few walleye in spawning condition were 

captured in Stephens Lake main during the spring tagging programs. A few pre-spawn and ripe fish were 

captured in 2003 and 2006 at sites located along the south shore of the lake approximately 5 km from 

Gull Rapids. While it is possible that walleye may spawn in this area, it is more likely that these fish were 

moving to Gull Rapids to spawn. As described in Section 5.3.2.3.2, Gull Rapids is believed to provide 

important spawning habitat to walleye populations in Stephens Lake. 

Rearing Habitat 

Twenty-one YOY walleye (less than 120 mm) were captured as part of the small mesh index gillnetting 

program in nearshore habitat in the north arm and the old Nelson River channel of Stephens Lake. The 

sites where YOY walleye were captured were characterized by shallow, low velocity water and soft 

substrates, with and without macrophyte cover. 

An additional three YOY walleye were captured in drift traps set in the Nelson River downstream of the 

Kettle GS during late July 2004; however, it is unclear whether these fish originated in this stretch of the 

river or if they had drifted downstream from Stephens Lake.  

Foraging Habitat 

During the summer, adult/juvenile walleye (greater than 120 mm) were considerably more abundant in 

the north arm of Stephens Lake compared to the old Nelson River channel, but there was little difference 

in the use of nearshore and offshore habitat for foraging in either area (Table 5-14). In the north arm of 

Stephens Lake, adult/juvenile walleye were captured almost exclusively at sites located in flooded main 

basin during summer 2005 and were rarely captured at sites located in either Ross Wright or O‟Neil bays 

(Table 5-17). In the main basin, they showed a preference for habitat characterized by macrophytes. 

Overwintering Habitat 

Telemetry studies conducted during the winter of 2002 and 2003 located two walleye in a bay on the 

south shore of Stephens Lake located approximately 5 km downstream of Gull Rapids, and three walleye 
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in area south of an island cluster approximately 5 km from the Butnau River, suggesting that Stephens 

Lake provides suitable overwintering habitat for walleye (Map 5-17). 

5.3.2.4.2 Northern Pike 

Distribution and Abundance 

Northern pike is a common species throughout the Stephens Lake area. Index gillnetting studies 

indicated that northern pike are an important component of the Stephens Lake fish community, 

accounting for up to 36% of the standard gang index gillnet catches in 2002 and 2003 (Map 5-5). The 

mean CPUE was consistent between years, ranging from 6.8 to 9.0 northern pike/100 m/24 h (Map 5-6). 

Northern pike were infrequently captured in small mesh index gill nets set in Stephens Lake in 2002 and 

2003, with an average CPUE of 1.4 northern pike/30 m/24 h.  

Northern pike were captured in all of the tributaries of Stephens Lake that were fished as part of Keeyask 

environmental studies. During the spring and fall, northern pike were commonly captured throughout 

both the North and South Moswakot Rivers, making up 33–72% of the combined catches at each river. 

During the spring of 2005, northern pike were also captured in Looking Back Creek and in the spring of 

2006, one northern pike was captured in Blood Creek, a tributary of the South Moswakot River.  

Habitat Use  

Spawning Habitat 

Keeyask environmental studies provided evidence that northern pike potentially spawn at several 

locations within the Stephens Lake Area (Appendix 5D).  

Spawning habitat for northern pike likely exists in the North and South Moswakot Rivers as a few 

northern pike in spawning condition were captured in both rivers during the spring of 2003. However, it 

was not possible to identify an exact spawning location in either river as larval northern pike were not 

captured in the drift nets set in the upstream reaches of these rivers. As discussed in Section 5.3.2.5.1, 

northern pike in spawning condition were also observed in Looking Back Creek during the spring stream 

crossing assessment. 

As described in Section 5.3.2.3.2, northern pike populations in Stephens Lake are also thought to use 

habitat in Gull Rapids for spawning. 

Rearing Habitat 

The capture of YOY northern pike (less than 150 mm) in small mesh gill nets in the old Nelson River 

channel of Stephens Lake was restricted to nearshore habitat, where they were primarily found at sites 

characterized by shallow, low velocity waters, soft substrates, and macrophyte cover. In the north arm of 

Stephens Lake, YOY northern pike were captured at sites located in both flooded main basin and 

flooded bays, where they were more frequently captured in habitat with structure (macrophytes/woody 

debris).  
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Foraging Habitat 

During the summer, adult/juvenile northern pike (greater than 150 mm) were considerably more 

abundant in nearshore habitat in both the north arm of Stephens Lake and the old Nelson River channel 

(Table 5-14). However, they were relatively uncommon in offshore habitat in old channel. In the north 

arm of Stephens Lake, northern pike were captured at sites located in both flooded bays (Ross Wright 

and O‟Neil) and main basin (Table 5-17). At both locations, they were most common in habitat with 

structure (macrophyte/woody debris) and were rarely captured in open, deep water habitat. 

Overwintering Habitat 

There are limited data on the use of Stephens Lake for overwintering by northern pike as none of the 

radio-tagged fish were released downstream of Gull Rapids. However, it is expected that Stephens Lake 

provides ample overwintering habitat for northern pike because it has numerous off-current bays with 

low water velocity, which is the preferred habitat of northern pike during winter based on telemetry 

studies conducted in the Nelson River between Clark Lake and Gull Rapids (Section 5.3.2.3.1). 

5.3.2.4.3 Lake Whitefish 

Distribution and Abundance 

Although lake whitefish occur throughout the Stephens Lake area, data collected as part of the index 

gillnetting program in Stephens Lake in the summer of 2002 and 2003 indicated that lake whitefish are 

not a major component of the fish community, never accounting for more than 10% of the catch (Map 

5-7). CPUE values were generally consistent among sampling years, ranging from 1.7 to 2.0 lake 

whitefish/100 m/24 h (Map 5-8). Very few lake whitefish were captured in small mesh index gill nets set 

in the lake.  

Lake whitefish were only captured incidentally in hoop nets set during the fall in the upper reaches in the 

North Moswakot River (1% of the catch) and South Moswakot River (3%). They were more abundant in 

the gillnet catches in the lower reaches of both rivers (33% and 58%, respectively) at this time. During 

the spring, lake whitefish were more common in the lower reach of the South Moswakot River (19%) 

than in the North Moswakot River (9%).  

Habitat Use 

Spawning Habitat 

Keeyask environmental studies provided evidence that lake whitefish potentially spawn within the 

Stephens Lake Area (Appendix 5D).  

Lake whitefish may spawn in the North and South Moswakot Rivers as several lake whitefish in spawning 

condition were captured in both rivers during the fall of 2002 and 2003. However, it was not possible to 

identify an exact spawning location in either river as larval lake whitefish were not captured in the drift 

nets set in the upstream reaches of these rivers.  
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Several larval lake whitefish were captured in neuston tows throughout the south channel of Stephens 

Lake during spring in 2001 to 2004. This observation, combined with the absence of larvae in tows 

conducted in the northern portion of the lake near Looking Back Creek, suggests that these larvae may 

have drifted downstream into the lake from Gull Rapids. A few lake whitefish that were preparing to 

spawn were captured in Stephens Lake between the north basin and the main channel during the fall 

gillnetting program in 2002, but it is likely that these fish were moving to Gull Rapids to spawn. As 

described in Section 5.3.2.3.2, Gull Rapids is believed to provide important spawning habitat to lake 

whitefish populations in Stephens Lake. Resource users from FLCN have reported that lake whitefish 

spawn along reefs and islands throughout Stephens Lake, in Ferris Bay and lake whitefish at Looking 

Back Creek (FLCN 2010 Draft). 

Several Coregonus spp. larvae that could not be identified to species were captured in drift traps set in the 

Nelson River below the Kettle GS on 30 June 2004. If these larvae were lake whitefish, it is possible that 

they were not spawned in this reach of the river, but rather drifted downstream from Stephens Lake.  

Rearing Habitat 

It is unclear where rearing habitat for lake whitefish occurs in Stephens Lake as only one YOY lake 

whitefish (less than 100 mm) was captured in the lake. This fish was located in offshore habitat 

approximately 2 km upstream of the Kettle GS.  

Foraging Habitat 

During the summer, adult/juvenile lake whitefish (greater than 100 mm) were considerably more 

abundant in the north arm of Stephens Lake compared to the old Nelson River channel in both 

nearshore and offshore habitat (Table 5-14). In the north arm, they were about two to ten times more 

abundant in deep open water habitat in flooded main basin areas than in any other habitat type sampled 

(Table 5-17). 

Overwintering Habitat 

Only one of the radio-tagged lake whitefish that was released below Gull Rapids was relocated during 

winter tracking flights. During the winter of 2002, this fish was located on multiple occasions in an area 

along the south shore of Stephens Lake approximately 5 km upstream of the Kettle GS, suggesting that 

Stephens Lake provides suitable overwintering habitat for lake whitefish.  

5.3.2.5 Access Roads Stream Crossings 

Five streams will be crossed by the north and south access roads. The construction of the north access 

road was assessed in the Keeyask Infrastructure Project Environmental Assessment Report (KIP EA). 

The current assessment considers the operation of the north access road stream crossings and the 

construction and operation of the south access road stream crossings. Fish use of the streams potentially 

crossed by the proposed Keeyask access roads (Map 5-18) was assessed during the fall of 2004 and again 

in the spring of 2005 using a variety of equipment as described in Appendix 5B. A description of fish use 
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of the tributaries at the potential north and south access road crossing sites is provided for each tributary 

below.  

5.3.2.5.1 North Access Road 

Looking Back Creek 

No fish were captured in Looking Back Creek during the fall 2004 electrofishing survey. A total of seven 

walleye and 54 northern pike were captured in a hoop net oriented to capture fish moving upstream at 

the crossing site during spring 2005. The majority of northern pike females were ready to spawn and 

none were in post-spawning condition. In contrast, both to ready-to-spawn and post-spawn males were 

captured. One northern pike egg was captured in a kick net sample at the crossing. All of the walleye 

males were ready to spawn, as was the one female for which maturity could be determined. The capture 

of northern pike and walleye in spawning condition suggests that these fish were moving to spawning 

habitat further upstream in Looking Back Creek, while the presence of some northern pike in post-spawn 

condition suggests that spawning may also take place further downstream.  

The stream crossing location is in close proximity to Stephens Lake, with no barriers to fish passage 

downstream. At the time of the spring survey, the nearest upstream barrier to fish passage was a beaver 

dam located approximately 2 km upstream, from which point beaver dams were present into the 

headwaters of the creek. The diversity of habitat and size of the stream likely means that it provides 

spawning, foraging, and rearing habitat for a number of both small- and large-bodied spring and summer 

spawning species. However, this creek maintains little to no flow in the winter and therefore is not 

suitable for fall spawning species such as lake whitefish. It would appear that the crossing location may 

provide overwintering habitat for small- and large-bodied fish species in some years but not in others. It 

is expected that cyprinids and suckers may also use this site for feeding and rearing. This site is not 

expected to support spawning habitat for walleye or suckers, but northern pike may spawn along the 

margins of the channel. As described in the KIP EA, this stream will be crossed by a clear span bridge 

with no effect to fish use of the tributary. 

Unnamed Tributary of South Moswakot River 

No fish were captured in the tributary either during the fall 2004 or spring 2005 electrofishing surveys. 

The presence of numerous beaver dams along the Unnamed Tributary likely inhibits fish passage to the 

stream crossing location from the pond upstream of the crossing and from areas downstream. At the 

stream crossing location, the Unnamed Tributary may provide some habitat for small-bodied species 

such as brook stickleback and fathead minnow during the open-water season, although access to the site 

likely is difficult. The pond located approximately 1 km upstream of the stream crossing location was 

found to contain some water with little oxygen. The dissolved oxygen concentration of 1.7 milligrams per 

liter (mg/L) was well below Manitoba‟s Water Quality Standards, Objectives and Guidelines 

instantaneous minimum objective of 3 mg/L for the protection of mature life stages of cool-water 

aquatic life in winter (Williamson 2002). When the crossing was assessed in February 2009, the Unnamed 

Tributary was frozen to the bottom.  
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Large-bodied species such as northern pike are not expected to make use of the Unnamed Tributary at 

the stream crossing location due to numerous beaver dams impeding passage and the distance from 

potential overwintering sites. If small-bodied fish are present in the area (e.g., brook stickleback and 

fathead minnow), it is likely that the habitat at the site could be used only for feeding and rearing, with 

deeper pools outside of the ROW being used as overwintering habitat. The Unnamed Tributary at the 

stream crossing location does not appear to support any potential spawning or overwintering habitat. As 

described in the KIP EA, this stream will be crossed by a culvert, with riprap to stabilize the banks on 

either side. The installation of this culvert is not expected to have altered fish use of this tributary. 

5.3.2.5.2 South Access Road 

Gull Rapids Creek 

One adult white sucker was captured in Gull Rapids Creek during the fall 2004 electrofishing survey. Due 

to the presence of numerous beaver dams within the stream, it is likely that this fish was part of a 

population confined to the upper reaches of the creek. Although no small-bodied species were captured, 

species such as brook stickleback and fathead minnow are expected to occur in this creek as they have 

been recorded both upstream and downstream of the crossing site (described in Gull Rapids discussion 

in Section 5.3.2.3.2). Longnose sucker, fathead minnow, emerald shiner, and brook stickleback were 

captured during the summer sampling of the unnamed headwater lake of Gull Rapids Creek, which is 

located approximately 1 km upstream of the crossing site. Fish are believed to reside year-round in this 

lake and may move downstream to the crossing site if passage permits.  

Following the spring freshet, flow is minimal. Stagnant conditions with ponded water occurred along the 

creek due to the presence of beaver dams and the low stream gradient and broad floodplain. When the 

crossing was assessed in March 2005, Gull Rapids Creek was frozen to the bottom.  

Small-bodied species of fish, such as brook stickleback and fathead minnow, may use the creek in the 

crossing area for spawning and rearing, but move to deeper pools to overwinter. Fish passage from the 

Nelson River to the crossing site is unlikely due to the presence of beaver dams, as is passage further 

upstream to the headwater lake. However, if passage exists during spring, fish from the Nelson River may 

move upstream to forage and spawn, and fish such as brook stickleback and fathead minnow from the 

headwater lake may move downstream to use habitat at the crossing site during spring and summer.  

Unnamed Tributary of Stephens Lake 

No fish were captured during either fall 2004 or spring 2005 electrofishing surveys. This creek receives 

minimal flow following the spring freshet and would be expected to freeze to the bottom during winter. 

Fish access to a small lake upstream is affected by the presence of beaver dams; however, access to 

Stephens Lake, approximately 400 m downstream, is uninhibited. Large-bodied species such as northern 

pike are not expected to make use of this creek near the ROW due to the shallow water depth and small 

size of the creek. Small-bodied species, such as brook stickleback, may use the creek in the crossing area 

for spawning and rearing, but move to deeper pools to overwinter. 
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Gillrat Lake Creek 

One juvenile northern pike was captured during the fall 2004 fall electrofishing survey. No fish were 

captured during the spring 2005 sampling period. This creek drains bogs and fens as well as Gillrat Lake. 

It maintains flow through the open-water season, but likely freezes to the bottom in winter. Numerous 

beaver dams restrict upstream fish passage to Gillrat Lake; downstream of the crossing location, the 

creek was not impacted by dams or other impasses. Thus, fish from Stephens Lake have access to the 

creek at the road. Habitat at the site is most suited to species such as longnose dace that prefer flowing 

water over coarser substrates. Species that prefer slower flowing waters with abundant instream 

vegetation, such as northern pike, may move through the ROW to area to access ponded water upstream 

of the crossing site for spawning, foraging, and rearing. Overwintering within the creek would be limited 

to deeper pool areas located upstream of the ROW and be limited to species tolerant of stagnant 

conditions and low dissolved oxygen levels. 

5.3.2.6 Fish Movements 

This study was conducted to determine to what extent large-bodied VEC species move within and 

among the different areas of the study area. Of particular interest were movements over Gull Rapids and 

Long Rapids. Information on the movement of walleye, northern pike, lake whitefish, and lake sturgeon 

was obtained from the recapture of large numbers of individually Floy®-tagged fish and through repeated 

tracking of a relatively small number of fish implanted with radio- or acoustic-transmitters 

(Appendix 5B). A detailed analysis of the movements of each VEC species is presented below, with the 

exception of lake sturgeon, which is presented separately in Section 6. 

5.3.2.6.1 Walleye 

A total of 5,472 walleye were Floy®-tagged within the study area between 1999 and 2005 (Table 5-18). Of 

these fish, 996 walleye were recaptured one or more times between 2001 and 2008 for a total of 1,036 

recaptures. Thus, the recapture rate for individual walleye in the study area was 18.2%. Local resource 

harvesters accounted for the majority of these recaptures (811 walleye), for a total harvest rate of 14.8%.  

Thirty walleye were implanted with radio transmitters during the spring and fall of 2001 and released in 

the Nelson River between Birthday Rapids and Gull Rapids, and in Stephens Lake downstream of Gull 

Rapids; 29 were relocated at least once between 2001 and 2004 (Table 5-19). An additional 56 walleye 

implanted with acoustic transmitters were released below the Kelsey GS following turbine passage studies 

and monitored in the reach between the GS and Split Lake over the open-water seasons of 2006 and/or 

2008 (North/South Consultants Inc. [NSC] and Normandeau Associates Inc. 2007, 2009).  

Use of the Study Area 

Floy®-tagging studies showed that there was little movement of walleye between the Split Lake area, the 

reach of the Keeyask Area between Clark Lake and Gull Rapids, and Stephens Lake/Gull Rapids areas 

(Map 5-19). Although walleye generally remained in the same waterbody in which they were tagged, some 

were observed to move between waterbodies and pass through the generating stations (or spillways) 

along the lower Nelson River. 



KEEYASK GENERATION PROJECT June 2012 

 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY 5-34 

The majority of walleye Floy®-tagged in the Aiken River system were recaptured in the same waterbody 

in which they were tagged (Table 5-18). However, Floy®-tagged walleye were frequently recaptured in 

waterbodies of the Aiken River system other than the one in which they were originally tagged, 

suggesting that walleye move freely between the Aiken, Ripple, and Mistuska Rivers and the York 

Landing arm of Split Lake. Two walleye Floy®-tagged in the Aiken River system were found as far 

upstream as the Nelson River in vicinity of the Kelsey GS. None of the fish in the Aiken River system 

were recaptured downstream of Split Lake. All of the walleye recaptured in the Aiken River system 

during the spring spawning surveys (2002, 2003, and 2004) had been tagged in the system, indicating that 

walleye from the Keeyask Area do not migrate to the Aiken River to spawn (Table 5-20). Likewise, all of 

the walleye captured in the fall survey (2004) had been tagged in the Aiken River system. This result 

suggests that there is a resident population of walleye in the tributaries of the Aiken River system. The 

recapture of several walleye that had been Floy®-tagged in the Ripple, Aiken, and Mistuska Rivers by local 

harvesters in Split Lake throughout the open-water season suggests that many of the walleye that spawn 

in the Aiken River system return to Split Lake. The capture of one such walleye during winter indicates 

that some of these walleye may also overwinter in the Split Lake. 

Floy®-tagging studies indicated that walleye move freely among the waterbodies of the Assean River 

system. In total, 13 of the walleye tagged in the Assean, Crying, or Hunting Rivers were recaptured in the 

same river in which they were tagged, and six of the walleye had moved among these rivers. Several of 

the walleye Floy®-tagged in these tributaries were recaptured in Assean Lake, Clark Lake, and Split Lake. 

Some walleye tagged within the Assean River system displayed larger movements. One fish that was 

tagged in the Assean River was recaptured at the confluence of the Nelson and Grass Rivers in the 

vicinity of the Kelsey GS. A single walleye tagged in the Assean River system was relocated downstream 

of Clark Lake. This fish was tagged in the Hunting River and was recaptured by a local resource user over 

100 km downstream in the North Moswakot River. All of the walleye recaptured in the Assean River 

system during the spring spawning surveys (2001 and 2002) and fall surveys had been tagged in the 

system, indicating that walleye from the Keeyask Area do not make use of habitat in the Assean River 

system (Table 5-20). 

Telemetry studies conducted below the Kelsey GS showed that the majority of walleye tracked during the 

open-water season tracked made extensive movements between the Grass River and the Nelson River 

between the GS and Split Lake (NSC and Normandeau Associates Inc. 2007, 2009). Immediately after 

release, several of the walleye appeared to have moved out of the area monitored and are thought to have 

moved further downstream into Split Lake. Some of the walleye appeared to show an affinity to the 

location or habitat in which they were initially captured prior to turbine passage. Few of the walleye 

Floy®-tagged in the vicinity of the Kelsey GS were recaptured. Of the fish that were recaptured, three 

were relocated close to their tagging location, and one was recaptured by local harvester in Split Lake 

(Table 5-18). 

Only one Floy®-tagged walleye was recaptured during fish community studies in Split Lake (2001–2002, 

2005–2006). This fish had been tagged in the Nelson River between Birthday Rapids and Gull Lake and 

represented 2.0% of the walleye that had been Floy®-tagged in the reach between Clark Lake and Gull 

Rapids at the time of its capture. Of Floy®-tagged walleye reported harvested from Split Lake by local 
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resource users, the majority had been tagged in the Aiken River and Mistuska River and, to a lesser 

extent, from the Burntwood River, Assean River, Ripple River, Clark Lake, and Split Lake. 

Few walleye that were Floy®-tagged within the Nelson River between Clark Lake and Gull Rapids were 

recaptured (Table 5-18) and none of the Floy®-tags reported harvested by local resources users were 

captured in this reach. Many of the Floy®-tagged fish that were recaptured were located within this reach, 

with fish showing movement between the Gull Lake and the Nelson River. Likewise, most of the radio-

tagged walleye relocated above Gull Rapids remained in Gull Lake throughout the year. Several of these 

individuals did move out of the lake and moved toward Birthday Rapids in some years during spring, but 

only one fish was ever relocated above these rapids. Two radio-tagged walleye were detected on multiple 

occasions throughout the year in the Nelson River in the vicinity of Two Goose Creek. Some of the 

walleye Floy®-tagged within this reach showed larger movements. Five walleye were recaptured in the 

Split Lake area, two in the Burntwood River and three in Split Lake or Assean Lake. One Floy®-tagged 

walleye moved downstream out of Gull Lake and was recaptured in the Nelson River near Deer Island, a 

movement of approximately 175 km. This fish passed downstream through three generating stations 

(Kettle, Limestone, and Long Spruce). One of the radio-tagged walleye also moved downstream out of 

Gull Lake into Stephens Lake; this movement occurred during spring. All but one of the walleye 

recaptured in the Nelson River between Clark Lake and Gull Rapids during the spring spawning surveys 

(2001–2004, 2006, and 2008) had been tagged in the reach (Table 5-20). The recapture of a single walleye 

that had been tagged in Stephens Lake, representing 0.1% of the walleye Floy®-tagged below Gull Rapids, 

is suggestive that walleye do not typically move upstream through Gull Rapids to spawn in the Nelson 

River. All of the walleye recaptured during surveys conducted later in the open-water season (2001–2004, 

2006–2008) had been tagged in the Nelson River. 

The majority of walleye that had been Floy®-tagged the Gull Rapids and Stephens Lake areas were 

recaptured in the same waterbody in which they were tagged (Table 5-18). However, Floy®-tagging 

studies showed that walleye move between the North and South Moswakot Rivers and Stephens Lake. A 

single walleye that had been Floy®-tagged immediately downstream of Gull Rapids during spring, was 

recaptured two years later upstream of Gull Rapids in Gull Lake. All of the radio-tagged walleye released 

in Stephens Lake were relocated in subsequent years in the lake. One of these fish was detected as far 

north as the South Moswakot River, and a few individuals were relocated in an area of the lake near the 

Butnau dam. During the spring, many of the radio-tagged walleye were relocated at the base of the Gull 

Rapids, one fish in consecutive years, suggesting that this area is used for spawning. The recapture of 

several walleye that had been Floy®-tagged during the spring immediately below Gull Rapids later in the 

open-water season of subsequent years further downstream in Stephens Lake, indicates that walleye 

move downstream into Stephens after spawning in the rapids. The recapture of a walleye Floy®-tagged in 

Stephens Lake in the South Moswakot River during the spring spawning surveys (Table 5-20) suggests 

that a portion of the walleye in Stephens Lake use habitat in this tributary for spawning. None of the 

walleye that had been Floy®-tagged upstream of Gull Rapids were captured during any of the open-water 

surveys in the Stephens Lake or Gull Rapids areas (Table 5-20), suggesting that habitat in this reach is not 

typically used by walleye populations inhabiting the Nelson River above Gull Rapids.  
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Movements Over Large Rapids 

Mark/recapture and telemetry studies have shown that walleye are capable of making both upstream and 

downstream movements through Long Rapids, Birthday Rapids, and Gull Rapids (Map 5-19; Table 5-19).  

Gull Rapids 

None of the walleye Floy®-tagged and recaptured during the spring and fall of 2001 and 2002 in Gull 

Lake (upstream to approximately 15 km of Gull Rapids) and Stephens Lake (downstream to 

approximately 10 km of Gull Rapids) were observed to have moved over Gull Rapids (Table 5-21). 

Limiting the mark-recapture studies to this period and geographical area ensures that sampling effort 

upstream and downstream of the rapids was approximately equal. In contrast, several walleye were 

recaptured during this time on the same side of Gull Rapids on which they were tagged.  

When the dataset is expanded to include all fish Floy®-tagged in the study area, and all subsequent 

recaptures that occurred between 2001 and 2008, several of the Floy®-tagged walleye were observed to 

have moved downstream through Gull Rapids (Table 5-22). However, the number of walleye to cross 

Gull Rapids remains low compared to the number of walleye that were recaptured on the same side of 

the rapids. In total, four Floy®-tagged walleye were observed to have moved downstream over Gull 

Rapids. Three of these fish were recaptured by local harvesters in Stephens Lake or its tributaries and the 

other was recaptured by a local harvester 175 km downstream in the Nelson River near Deer Island. Only 

one Floy®-tagged walleye was observed to have passed upstream through Gull Rapids. This fish was 

recaptured in Gull Lake two years after it had been Floy®-tagged in Stephens Lake. 

The movement of fish implanted with radio-transmitters during telemetry studies was similarly low 

(Table 5-19). Only a single radio-tagged walleye was observed to have moved downstream through Gull 

Rapids during the three years of monitoring. This fish passed downstream into Stephens Lake during the 

spring of 2002 where it was detected multiple times. None of the walleye released downstream of Gull 

Rapids was relocated upstream of the rapids. 

Birthday Rapids and Long Rapids 

Few of the Floy®-tagged or radio-tagged walleye were observed to have passed through either Birthday 

Rapids or Long Rapids. One Floy®-tagged walleye moved downstream through Birthday Rapids; it had 

been tagged in Clark Lake and was recaptured in the Nelson River below Birthday Rapids. An additional 

Floy®-tagged walleye that was recaptured by a local harvester in the North Moswakot River that had 

passed downstream through both Long and Birthday rapids, as well as Gull Rapids, from its tagging 

location in the Hunting River four years prior. One Floy®-tagged and one radio-tagged walleye moved 

upstream over Birthday Rapids. The radio-tagged fish crossed Birthday Rapids during spring and 

remained in the Nelson River upstream of the rapids where it was subsequently detected multiple times 

throughout the year. An additional five Floy®-tagged walleye moved upstream over both Birthday and 

Long rapids; two were recaptured in the Burntwood River and three in Split Lake or Assean Lake.  
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5.3.2.6.2 Northern Pike 

A total of 7,995 Floy®-tags were applied to northern pike in the study area between 1999 and 2005 

(Table 5-23). Of these fish, 408 fish were recaptured one or more times between 2001 and 2008 for a 

total of 420 recaptures. The recapture rate of individual northern pike in the study area was 5.1%. A large 

proportion of northern pike recaptures were by local resource users, for a total harvest rate of 2.3% for 

the species.  

All of the 14 northern pike tagged with radio transmitters during the spring and fall of 2001 in the Nelson 

River between Birthday Rapids and Gull Rapids, including Gull Lake, were relocated at least once 

between 2001 and 2004 (Table 5-24). An additional 58 northern pike implanted with acoustic transmitters 

were released below the Kelsey GS following turbine passage studies and monitored in the reach between 

the GS and Split Lake over the open-water seasons of 2006 and/or 2008 (NSC and Normandeau 

Associates Inc. 2007, 2009). 

Use of the Study Area 

Floy®-tagging studies showed that there was little movement of northern pike between the Split Lake 

area, the reach of the Keeyask Area between Clark Lake and Gull Rapids, and Stephens Lake/Gull 

Rapids areas (Map 5-20). Although northern pike generally remained in the same waterbody in which 

they were tagged, some were observed to move between waterbodies and pass through the generating 

stations (or spillways) along the lower Nelson River. 

The majority of northern pike Floy®-tagged in the Aiken River system were recaptured in the same 

waterbody in which they were tagged (Table 5-23). However, Floy®-tagged northern pike were frequently 

recaptured in waterbodies of the Aiken River system other than the one in which they were originally 

tagged, suggesting that northern pike move freely between the Aiken, Ripple, and Mistuska Rivers and 

the York Landing arm of Split Lake. Two northern pike Floy®-tagged in the Aiken River system were 

found as far upstream as the Nelson River in vicinity of the Kelsey GS. None of the fish in the Aiken 

River system were recaptured downstream of Split Lake. All of the northern pike recaptured in the Aiken 

River system during the spring spawning surveys (2002, 2003, and 2004) had been tagged in the system, 

indicating that northern pike from the Keeyask Area do not migrate to the Aiken River to spawn 

(Table 5-25). Likewise, all of the northern pike captured in the fall survey (2004) had been tagged in the 

Aiken River system. This result suggests that there is a resident population of northern pike in the 

tributaries of the Aiken River system. The recapture of several northern pike that had been Floy®-tagged 

in the Ripple, Aiken, and Mistuska Rivers by local harvesters in Split Lake throughout the open-water 

season suggests that many of the northern pike that spawn in the Aiken River system return to Split Lake.  

Likewise, the Floy®-tag data indicated that northern pike move freely among the tributaries of the Assean 

River system and nearby lakes (Assean, Clark, and Split). Two northern pike tagged within the Assean 

River system displayed larger movements. Between spring of 2002 and 2003, one northern pike moved 

from the Hunting River to the Aiken River and the other moved from the Assean River downstream into 

the Nelson River below Birthday Rapids. All of the northern pike recaptured in the Assean River system 

during the spring spawning surveys (2001 and 2002) and fall surveys had been tagged in the system, 

indicating that northern pike from the Keeyask Area do not make use of habitat in the Assean River 
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system (Table 5-25). The recapture of several northern pike that had been Floy®-tagged in the tributaries 

of the Assean River system during spring downstream in Split and Clark lakes during the summer and fall 

suggests that many of the northern pike that spawn in the Assean River system move downstream to 

these lakes after spawning. The capture of two such northern pike during winter indicates that some of 

these northern pike overwinter in the Split Lake. However, some proportion of northern pike that spawn 

in the Assean River move upstream into Assean Lake after spawning as evidenced by the recapture of 

several fish there later in the open-water season that had been tagged in the Assean River during spring. 

Few of the northern pike Floy®-tagged in the Nelson River downstream of the Kelsey GS or in the 

Burntwood/Odei Rivers were recaptured (Table 5-23). Only one northern pike was recaptured during 

fish community studies in these rivers (2001–2002, 2005–2006, 2007) and it was located in proximity to 

its tagging location (Table 5-25). Local harvesters reported catching four of the northern pike tagged in 

the Burntwood or Nelson Rivers in Split Lake, suggesting that northern pike move between these 

tributaries and Split Lake. Likewise, telemetry studies conducted below the Kelsey GS showed that the 

majority of northern pike that were tracked made extensive movements during the open-water season 

between the Grass River and the Nelson River between the GS and Split Lake (NSC and Normandeau 

Associates Inc. 2007, 2009). Immediately after release, several of the northern pike appeared to have 

moved out of the area monitored and are thought to have moved further downstream into Split Lake. 

Some of the northern pike appeared to show an affinity to the location or habitat in which they were 

initially captured prior to turbine passage.  

Only one Floy®-tagged northern pike was recaptured during fish community studies in Split Lake (2001–

2002, 2005–2006); this fish had been tagged in the Aiken River (Table 5-25). Of Floy®-tagged walleye 

reported harvested from Split Lake by local resource users, the majority (greater than 75%) had been 

tagged in the Ripple River, Split Lake, and Aiken River and, to a lesser extent, from the Assean River 

(10%), Nelson River between Birthday Rapids and Gull Rapids (5%), Burntwood River (3%), Nelson 

River downstream of Kelsey GS (3%), and Nelson River between Gull Rapids and Stephens Lake (2%). 

All of the northern pike recaptured in Clark Lake during the open-water surveys (2002, 2004–2006) had 

been tagged in either Clark Lake or the Assean River (Table 5-25). Although most of the northern pike 

that had been tagged in Clark Lake were recaptured in the lake, one northern pike was recaptured during 

the spring in the Assean River and another moved from Clark Lake approximately 140 km downstream 

into the Nelson River near Swift Creek between June of 2004 and August of 2005, and had passed 

through three generating stations (Kettle, Long Spruce, and Limestone) or their spillways. 

Few northern pike that were Floy®-tagged within the Nelson River between Clark Lake and Gull Rapids 

were recaptured (Table 5-23) and only one of the Floy®-tags reported harvested by local resources users 

was captured in this reach. Many of the Floy®-tagged fish that were recaptured were relocated within this 

reach, with northern pike showing movement between the Gull Lake and the Nelson River. Likewise, all 

but one of the northern pike that had been radio-tagged and released within the Nelson River between 

Clark Lake and Gull Rapids were relocated within this reach. In every season, radio-tagged northern pike 

were often relocated at, or near the mouths, of smaller tributaries. Some of the marked northern pike 

within this reach showed larger movements. One of the radio-tagged northern pike and four Floy®-

tagged northern pike moved from Gull Lake downstream past Gull Rapids. The radio-tagged northern 
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pike moved downstream through Gull Rapids between 25 November 2002 and 3 April 2003, where it 

was detected multiple times in the area below the rapids throughout the following year. An additional two 

northern pike that had been tagged in Gull Lake were later relocated within Gull Rapids during spring of 

2003 when water levels were low enough to set gill nets in the rapids. Local resource users reported 

harvesting nine Floy®-tagged northern pike that had moved upstream out of the Nelson River; four were 

recaptured in Split Lake or Assean Lake, one in the Nelson River in the vicinity of the Kelsey GS, two in 

the Aiken River system, one in the Burntwood River, and the other in the Assean River. Three of the 

radio-tagged northern pike were also observed to have moved into upstream lakes; two into Clark Lake 

and the other into Assean Lake. All but one of the northern pike recaptured in the Nelson River between 

Clark Lake and Gull Rapids during the spring spawning surveys (2001–2004, 2006, and 2008) had been 

tagged in the reach (Table 5-25). The recapture of a northern pike that had been tagged in Assean River, 

representing less than 0.1% of the northern pike Floy®-tagged above Long Rapids, is suggestive that 

northern pike do not typically move downstream through Long Rapids to spawn in the Nelson River. 

None of the northern pike captured during the spring surveys had been tagged below Gull Rapids, 

indicating that northern pike residing in Stephens Lake do not spawn in the reach above Gull Rapids. All 

of the northern pike recaptured during surveys conducted later in the open-water season (2001–2004, 

2006–2008) had been tagged in the Nelson River. 

The majority of northern pike that had been Floy®-tagged the Gull Rapids and Stephens Lake areas that 

were recaptured were relocated in the same waterbody in which they were tagged (Table 5-23). However, 

Floy®-tagging studies showed that northern pike move between the North and South Moswakot Rivers 

and Stephens Lake. One of the northern pike tagged in these waterbodies was reported harvested as far 

upstream as Split Lake. Another northern pike that had been tagged in Stephens Lake was recaptured 

approximately 150 km downstream in the Nelson River at the Lower Limestone Rapids. To reach the 

recapture location, this fish would have to have passed through the three generating stations or their 

spillways. All of the northern pike recaptured in the North and South Moswakot Rivers during the spring 

survey (2003) had been tagged in the waterbody in which they were recaptured and none of the northern 

pike captured in Stephens Lake during the spring surveys (2001–2006) had been tagged in any of the 

lake‟s tributaries (Table 5-25). The recapture of several northern pike that had been Floy®-tagged during 

spring in areas that are thought to be used for spawning (e.g., upstream in the North Moswakot River, 

immediately below Gull Rapids) later in the open-water season in Stephens Lake suggests that northern 

pike may move downstream into Stephens Lake after spawning. Three northern pike that had been 

Floy®-tagged in the Nelson River upstream of Gull Rapids were recaptured during the spring surveys 

(2001–2006) in the Gull Rapids areas (Table 5-25). These fish represented a maximum of 0.1% of the 

northern pike that had been Floy®-tagged in the reach between Clark Lake and Gull Rapids at the time of 

capture, suggesting that habitat in this reach is not typically used by northern pike populations inhabiting 

the Nelson River above Gull Rapids for spawning.  

Movements Over Large Rapids 

Radio-telemetry and mark/recapture studies have shown that northern pike are capable of making both 

upstream and downstream movements through Long Rapids, Birthday Rapids, and Gull Rapids (Map 

5-20; Table 5-24).  
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Gull Rapids 

None of the northern pike Floy®-tagged and recaptured during the spring and fall of 2001 and 2002 in 

Gull Lake (upstream to approximately 15 km of Gull Rapids) and Stephens Lake (downstream to 

approximately 10 km of Gull Rapids) were observed to have moved over Gull Rapids (Table 5-26). 

Limiting the mark-recapture studies to this period and geographical area ensures that sampling effort 

upstream and downstream of the rapids was approximately equal. In contrast, several northern pike were 

recaptured during this time on the same side of Gull Rapids on which they were tagged.  

When the dataset is expanded to include all northern pike Floy®-tagged in the study area, and all 

subsequent recaptures that occurred between 2001 and 2008, several of the Floy®-tagged northern pike 

were observed to have moved downstream through Gull Rapids (Table 5-27). However, the number of 

northern pike to cross Gull Rapids remains low compared to the number of northern pike that were 

recaptured on the same side of the rapids. In total, five Floy®-tagged northern pike were observed to 

have moved downstream through Gull Rapids. Four of these fish moved into the Nelson River below 

Gull Rapids or Stephens from Gull Lake and one northern pike that had been tagged in Clark Lake was 

recaptured in the Nelson River about 120 km downstream of the Kettle GS near Deer Island. An 

additional two northern pike that had been Floy®-tagged in Gull Lake were recaptured within the rapids. 

Only one Floy®-tagged northern pike was observed to have passed upstream through Gull Rapids. This 

fish was recaptured in Split Lake by a local harvester just over a year after it had been Floy®-tagged in the 

Nelson River below Gull Rapids. 

The movement of northern pike implanted with radio-transmitters during telemetry studies was similarly 

low (Table 5-24). Only one radio-tagged northern pike was observed to have moved downstream 

through Gull Rapids during the three years of monitoring. This fish passed downstream into Stephens 

Lake between late November of 2002 and early April of 2003, and was detected multiple times in the 

reach below Gull Rapids over the course of the following year.  

Birthday Rapids and Long Rapids 

Few of the Floy®-tagged or radio-tagged northern pike were observed to have passed through either 

Birthday Rapids or Long Rapids. Two Floy®-tagged northern pike moved downstream through both 

Long Rapids and Birthday Rapids; one had been tagged in the Assean River and was recaptured about 

one year later in the Nelson River downstream of Birthday Rapids and the other had been tagged in Clark 

Lake and was recaptured approximately 140 km downstream in the Nelson River near Swift Creek. An 

additional northern pike moved downstream through only Birthday Rapids, it had been tagged in the 

Nelson River upstream of the rapids and was recaptured the following day in the river below the rapids, 

but this movement may have resulted from tagging stress. Local resource users reported harvesting 

10 Floy®-tagged and one radio-tagged northern pike that had moved upstream over Birthday Rapids and 

Long Rapids and two more that moved upstream over only Long Rapids. Five of these northern pike 

were reported harvested from Split Lake, one from Assean Lake, one from the Nelson River in the 

vicinity of the Kelsey GS, one from the Mistuska River, and one from the Burntwood River. Two of the 

radio-tagged northern pike that were relocated had also moved upstream through Birthday Rapids and 

Long Rapids. One of the northern pike was relocated in Gull Lake during May and June of 2002, and, 
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after moving upstream through the rapids, was relocated in Clark Lake on 6 July of that year. Another 

northern pike, which had last been detected in the Nelson River below Birthday Rapids during July and 

August of 2003, was recaptured at the outlet of Clark Lake during spring 2004.  

5.3.2.6.3 Lake Whitefish 

A total of 1,713 lake whitefish were tagged with Floy®-tags in the study area between 1999 and 2004 

(Table 5-28). Of these fish, 123 fish were recaptured one or more times for a total of 143 recaptures. The 

recapture rate of individual lake whitefish in the study area was 7.2%. The harvest rate of Floy®-tagged 

lake whitefish in the study area was 1.3%.  

Of the 30 lake whitefish tagged with either acoustic or radio transmitters during the fall of 2001, 24 were 

relocated at least once between 2001 and 2004 (Table 5-29).  

Use of the Study Area 

Floy®-tagging studies showed that there was little movement of lake whitefish between the Split Lake 

area, the reach of the Keeyask Area between Clark Lake and Gull Rapids, and Stephens Lake/Gull 

Rapids areas (Map 5-21). Although lake whitefish generally remained in the same waterbody in which 

they were tagged, some were observed to move between waterbodies and pass through the generating 

stations (or spillways) along the lower Nelson River. 

None of the lake whitefish Floy®-tagged in the Aiken River system were recaptured outside of the 

system. However, Floy®-tagging studies showed that lake whitefish were able to move freely between the 

waterbodies within this system. The few lake whitefish recaptured in the Aiken River system during the 

fall spawning survey (2004) and spring surveys (2002–2004) had been tagged in the system, indicating that 

lake whitefish from the Keeyask Area do not migrate to the Aiken River to spawn or feed (Table 5-30). 

The recapture of several lake whitefish that had been Floy®-tagged in the Mistuska River by local 

harvesters in Split Lake throughout the open-water season suggests that many of the lake whitefish may 

return to Split Lake after spawning in the river. The capture of five such individuals during winter 

indicates that some of these lake whitefish may also overwinter in the Split Lake.  

Although most of the recaptured lake whitefish that had been Floy®-tagged in the Assean River system 

were recaptured in the Assean River shortly after being tagged, two lake whitefish tagged in the river were 

later relocated in Assean Lake. Floy®-tag data also indicated that lake whitefish move between the Assean 

River and Clark Lake. The furthest downstream movement of a Floy®-tagged lake whitefish in the study 

area was 63 km, from the tagging location in Assean River into Stephens Lake, between October 2001 

and October 2002. All of the lake whitefish recaptured in the Assean River system during the fall 

spawning surveys (2001 and 2002) had been tagged in the river or in Clark Lake, indicating that lake 

whitefish from the Keeyask Area do not make use of habitat in the Assean River system (Table 5-30).  

Few lake whitefish were tagged elsewhere in Split Lake area. No lake whitefish were recaptured during 

spring and summer surveys in the Burntwood/Odei Rivers, the Nelson/Grass Rivers below the Kelsey 

GS, or in Split Lake (Table 5-30). Of Floy®-tagged lake whitefish reported harvested from Split Lake by 

local resource users, all had been tagged in the Mistuska River. 
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Only one of the fish tagged in the Nelson River above Gull Rapids was recaptured (Table 5-28); it was 

recaptured within 5 km of its tagging location in Gull Lake approximately one year after it had been 

tagged. None of the Floy®-tags reported harvested by local resources users were captured in this reach. 

Most of the radio-tagged lake whitefish relocated in the Nelson River above Gull Rapids remained in 

Gull Lake throughout the year. Only one of these fish moved out of the lake upstream into the Nelson 

River during fall of 2001 and 2002, only to be relocated in back in Gull Lake the following summers. The 

two lake whitefish tagged with transmitters that were released in the Nelson River upstream of Gull Lake 

moved into Gull Lake shortly after being released, where they were detected on multiple occasions. Two 

of the lake whitefish moved downstream out of Gull Lake into Stephens Lake; because these movements 

occurred shortly after being implanted with transmitters it is thought that these movements may have 

resulted from post-operative stress. One of these fish was later detected in this reach multiple times 

during the open-water season of 2002 and 2003, indicating that it had likely survived. The only lake 

whitefish recaptured in the Nelson River between Clark Lake and Gull Rapids during the fall spawning 

surveys (2001–2004, and 2007) had been tagged in the reach (Table 5-30), indicating that lake whitefish 

do not move upstream through Gull Rapids to spawn in the Nelson River.  

The majority of lake whitefish Floy®-tagged in the Gull Rapids and Stephens Lake areas were recaptured 

in the waterbody in which they were tagged (Table 5-28). However, Floy®-tagging studies showed that 

lake whitefish move between the North and South Moswakot Rivers and Stephens Lake. One of the lake 

whitefish Floy®-tagged immediately below Gull Rapids moved 57 km downstream and was recaptured in 

the Long Spruce spillway. At some time between October of 2002 and October of 2003, this fish had 

gone downstream through both the Kettle and Long Spruce generating stations. Most of the lake 

whitefish implanted with transmitters and released in Stephens Lake were relocated in subsequent years 

in the lake. Immediately after being released at the base of Gull Rapids in fall 2001, many of the lake 

whitefish were relocated moving northward in Stephens Lake. Many of the lake whitefish with 

transmitters were relocated at the base of the Gull Rapids during fall, four in consecutive years (2002 and 

2003), suggesting that this area is used for spawning. Except for one that was recaptured at the mouth of 

the North Moswakot River in fall 2005, none of these fish was detected in the study area at any other 

time of the year, suggesting that after spawning they moved out of the range of detection for the rest of 

the year. One of the radio-tagged lake whitefish was relocated in Stephens Lake near the Kettle GS 

multiple times between fall 2001 and spring 2002. Two of the lake whitefish with transmitters moved 

upstream to Gull Lake, one of which was later detected multiple times throughout the open-water season 

in the lake. Because of the length of time between detections (10 months to 2.5 years), the season in 

which these movements occurred could not be determined. The recapture of two lake whitefish that had 

been Floy®-tagged in the South Moswakot River in below Gull Rapids during the fall spawning surveys 

(2002 and 2003) (Table 5-30) suggests that a portion of the lake whitefish in the tributaries use habitat at 

Gull Rapids for spawning, at least in some years. Only one of the lake whitefish that had been Floy®-

tagged upstream of Gull Rapids was captured during the fall surveys below Gull Rapids, suggesting that 

habitat in this reach is not typically used by lake whitefish populations in the Split Lake Area or in the 

Nelson River above Gull Rapids. 
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Movements Over Large Rapids 

Telemetry and mark/recapture studies have shown that lake whitefish are capable of making both 

upstream and downstream movements through Birthday Rapids and Gull Rapids (Map 5-21; Table 5-29). 

Lake whitefish were only observed moving downstream through Long Rapids, although the species is 

likely capable of passing upstream through these rapids as well.  

Gull Rapids 

None of the lake whitefish Floy®-tagged and recaptured during the spring and fall of 2001 and 2002 in 

Gull Lake (upstream to approximately 15 km of Gull Rapids) and Stephens Lake (downstream to 

approximately 10 km of Gull Rapids) were observed to have moved over Gull Rapids (Table 5-31). 

Limiting the mark-recapture studies to this period and geographical area ensures that sampling effort 

upstream and downstream of the rapids was approximately equal. In contrast, numerous lake whitefish 

were recaptured during this time on the same side of Gull Rapids on which they were tagged.  

When the dataset is expanded to include all fish Floy®-tagged in the study area, and all subsequent 

recaptures that occurred between 2001 and 2007, only one of the Floy®-tagged lake whitefish were 

observed to have moved downstream through Gull Rapids (Table 5-32). This fish moved from the 

Assean River, downstream through Gull Rapids, into Stephens Lake between October of 2001 and 

October of 2002. 

Two of the lake whitefish implanted with transmitters in Gull Lake also passed downstream through Gull 

Rapids. Because these fish passed downstream into Stephens Lake shortly after being released, it is likely 

these movements resulted from post-operative stress. Two of the acoustic-tagged lake whitefish released 

in Stephens Lake were relocated in Gull Lake, indicating they had moved upstream through Gull Rapids. 

These fish represented just over 10% of the lake whitefish released below Gull Rapids. 

Birthday Rapids and Long Rapids 

Few lake whitefish were observed to have passed through either Birthday Rapids or Long Rapids. One 

Floy®-tagged lake whitefish that was recaptured immediately below Gull Rapids had passed downstream 

through both Long and Birthday rapids, as well as Gull Rapids, from its tagging location in the Assean 

River one year prior. One of the acoustic-tagged lake whitefish went upstream over Birthday Rapids 

during late September 2002 and moved back downstream though the rapids into Gull Lake prior to June 

of 2003. None of the lake whitefish marked during Keeyask environmental studies was observed to have 

passed upstream through Long Rapids. 

5.3.2.7 Current Trends/Future Conditions 

Comparable historic data were located for only Split Lake and Stephens Lake. These data were collected 

during the 1980s by Manitoba Fisheries Branch as part of the Ecological Monitoring Program (EMP). 

Fish were sampled under both the EMP and Keeyask studies during the summer using overnight sets 

(16–24 h) of standard gang experimental gill nets (as described in Appendix 5B). Although the fishing 

gear was comparable, comparisons between the data sets are difficult because there were differences in 



KEEYASK GENERATION PROJECT June 2012 

 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY 5-44 

sampling strategy and timing. A specific objective of gillnetting surveys conducted as part of Keeyask 

environmental studies was to determine fish species composition and abundance in relation to different 

habitat types. Consequently, the same net set locations and dates were generally sampled in each year, 

whereas net set locations, dates, and number of sites surveyed by the province varied among years.  

Comparison of historic and recent catch per unit effort (CUE; number of fish per set) values shows a 

decline in the total catch at both lakes (Figure 5-1). Whether this difference is due to variations in 

sampling methodologies or change in fish populations is unknown. There also appears to have been a 

shift in the fish community in both lakes since the 1980s. Although the CUE of several species have 

declined in both lakes (including cisco, lake whitefish, longnose sucker, and mooneye), the CUE of 

walleye and northern pike has increased substantially. The abundance of white sucker in Stephens Lake 

has remained relatively constant, with a slight increase in CUE in recent years, but has declined somewhat 

in Split Lake. In contrast to walleye populations, there has been little change observed in sauger 

abundance since the 1980s. In both lakes, the overall trend has been a shift in the fish community 

favouring those species that prefer lacustrine conditions (e.g., walleye, northern pike) with a reduction in 

the abundance of those that are adapted to riverine conditions (e.g., longnose sucker). Studies conducted 

as part of the Limestone GS Monitoring Program (Bretecher and MacDonell 2000; Johnson et al. 2004) 

have demonstrated that adaptation of fish populations to habitat changes can require decades.  

In addition to habitat-related changed caused by hydroelectric development (i.e., CRD/LWR, Kettle GS, 

Kelsey GS), fish populations in the study area have more recently been affected by the introduction of 

rainbow smelt. Rainbow smelt were first detected in Split and Stephens lakes in 1996 and currently 

account for up to 40% of the catch at Split Lake in small mesh gill nets and up to 12% of the catch in 

Stephens Lake. In addition to changing species composition, rainbow smelt are also affecting the diet of 

predatory species in these lakes. At present, rainbow smelt occur in up to 60% of the stomachs of 

predatory fish captured in standard gangs in Split Lake, and up to 30% of the piscivores captured in 

Stephens Lake.  

Due to the amount of time that fish populations require to adapt to habitat changes, combined with the 

ongoing effects of rainbow smelt introduction, it is expected that the fish populations in the study area 

are still evolving. 

5.4 PROJECT EFFECTS, MITIGATION AND 

MONITORING 

5.4.1 Construction Period 

The following section considers effects related to the construction of the GS, construction of the south 

access road, and operation of the construction camp and north and south access roads during the 

construction period. Construction of the north access road and clearing of the construction camp and 

work areas was addressed under the EIS for the Keeyask Infrastructure Project (Keeyask Hydropower 

Partnership Ltd. 2009).  
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The assessment is based on construction-related effects to water quality (Section 2.5.1), physical attributes 

of aquatic habitat (Section 3.4.1), and lower trophic levels (sections 4.2.4.1, 4.3.4.1, 4.4.4.1, and 4.5.4.1). 

Because the impacts to fish species in general, including VEC species, from most construction-related 

impacts are similar, no distinction is made among fish species (i.e., walleye, northern pike, lake whitefish) 

in the discussion below unless there are species-specific effects. Effects that begin during construction 

but are a permanent feature of operation (e.g., flooding of terrestrial area) are considered under the 

operation section (Section 5.4.2). 

5.4.1.1 Upstream of the Outlet of Clark Lake 

No construction-related impacts are expected upstream of the outlet of Clark Lake as fish communities 

and habitat in this reach will not be directly affected by construction of the Keeyask GS. Moreover, the 

construction-related disturbance to fish communities and habitat in the reach downstream of Clark Lake 

are not expected to result in an increase in upstream fish movements into Split and Clark lakes due to the 

presence of Long Rapids. 

5.4.1.2 Downstream of the Outlet of Clark Lake 

5.4.1.2.1 Disruption of Spawning Activity due to Disturbance by Construction 

Activity and Habitat Loss/Alteration 

The construction of cofferdams will result in a sequential loss of aquatic habitat in Gull Rapids and 

relatively higher velocities in the south channel (Section 3.4.1.1). Habitat in Gull Rapids is currently used 

for spawning by numerous fish species, including all of the VEC species. In particular, Gull Rapids is 

thought to be the primary spawning location of lake whitefish in Stephens Lake. To protect spawning 

fish and developing larvae, the construction schedule (PD SV) has been modified, where practical, to 

avoid instream work during two periods: 15 May to 15 July for spring spawners and emergence of larvae; 

and 16 September to 30 April for fall spawners (rationale for these periods is provided in Appendix 1A). 

Instream construction activities that cannot be scheduled without incurring significant construction 

delays and costs to avoid the fall spawning period will occur in four years (2014, 2015, 2017, and 2019) or 

to avoid the spring spawning period will occur in one year (2018).  

The north channel rock groin will be in place (mid-August 2014) when instream construction activities 

first overlap with the spawning period of lake whitefish (construction of the powerhouse stage I 

cofferdam in the fall 2014), and may reduce the number of staging lake whitefish in the area by altering 

attraction flows. Sensory disturbances from construction activities may also deter lake whitefish from 

seeking spawning habitat in the area. In subsequent years, much of the spawning habitat in Gull Rapids 

will have already been destroyed when construction activities overlap with the fall spawning period (2015 

and 2017). However, any fall spawners that do return to the area will be susceptible to stranding 

(Section 5.4.1.2.3). While it is unlikely that any lake whitefish would be spawning in the vicinity of the 

powerhouse stage I cofferdam due to a lack of attraction flows, the removal of this cofferdam in fall 2019 

could result in sedimentation of any lake whitefish eggs laid downstream of the cofferdam. 

The construction of the south dam Stage II upstream and downstream cofferdams will coincide with the 

spring spawning period in 2018. At this time, the principle concern for the spring spawning species, in 
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particular lake sturgeon (discussed in Section 6.4) and walleye, is that they move into Gull Rapids and get 

trapped (Section 5.4.1.2.3). It is expected that few fish will be attracted to the area as a result of sensory 

disturbances associated with construction activities and changes in attraction flow resulting from the flow 

passing through the spillway.  

It is not known to what extent spawners will use habitat in south channel for spawning during Stage I 

construction, as the distribution of water velocity will have been altered by the diversion of the entire 

Nelson River flow through the south channel. Likewise, it not known whether habitat in the river channel 

downstream of the GS during Stage II construction will be used for spawning once flow is diverted 

through the newly constructed spillway, and later through the GS intake and tailrace.  

The construction and removal of the cofferdams will reduce the amount of spawning habitat available to 

fish populations in Stephens Lake, particularly lake whitefish. While spawning will occur at other 

locations in the system during the construction period (e.g., Ferris Bay, North and South Moswakot 

Rivers), the result will be a smaller than normal year class for species such as lake whitefish and, possibly, 

walleye that rely primarily on spawning habitat in Gull Rapids.  

5.4.1.2.2 Alteration of Aquatic Habitat in Stephens Lake due to Sediment 

Deposition 

Instream construction activities are expected to result in 0.1–0.6 cm layer of sediment to form on the 

bottom of Stephens Lake (Section 3.4.1.4). Most of the deposition is expected to occur near the entrance 

of Stephens Lake downstream of Gull Rapids. This amount of deposition is not anticipated to affect fish 

use of habitat in the lake. 

5.4.1.2.3 Stranding of Fish when Cofferdams are Dewatered 

The cofferdams will not affect fish populations in the Nelson River upstream of Gull Rapids or in 

Stephens Lake by acting as a barrier to upstream or downstream movements of fish through Gull Rapids 

because such movements are currently thought to be incidental. While the cofferdams are being 

constructed, there is the potential to trap fish in the area that is to be dewatered. The number of fish that 

would be susceptible to stranding will be minimized by avoiding instream work during the spring and fall 

spawning periods, where practical (see Section 5.4.1.2.1). In addition, a salvage fishery will be conducted 

within the cofferdams prior to dewatering to release fish that do become trapped. During Stage II 

construction, fish could also become trapped in pools that form in the south channel after a spill. When 

such an event occurs, a fish salvage operation will be conducted to catch and release any stranded fish 

back into the Nelson River.  

The construction of temporary causeways to access the N-5 and G-3 borrow areas has the potential to 

trap fish. The southern causeway will be designed and constructed with culverts that will provide access 

for fish to move through the causeway. At the northern location, access between the causeway and 

Pond 13 will be provided to minimize the potential for fish stranding. Therefore, the effect of the 

causeways will be negligible to the fish community in Stephens Lake. 
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5.4.1.2.4 Entrainment of Fish in Intake Pipes for Water Used for Construction 

During the construction of the Project, water will be required for several uses including potable water for 

the camp and work areas, and water for mixing concrete. Intake pipes will be screened according to 

current end-of-pipe fish screening guidelines (Fisheries and Oceans Canada; formerly known as the 

Department of Fisheries and Oceans [DFO] 1995) to minimize the entrainment and impingement of 

fish. Consequently, it is expected that water intakes will have no effect on fish. 

5.4.1.2.5 Blasting Effects 

Blasting will generally be conducted in accordance with DFO guidelines for the use of explosives in or 

near Canadian fisheries waters (Wright and Hopky 1998) to ensure compliance with various fish and fish 

habitat protection provisions of the Fisheries Act (including provisions to protect spawning beds during 

egg incubation). Fish habitat setback distances can be met for all fish species. Spawning habitat setback 

distances cannot be met for lake whitefish for two areas: the powerhouse tailrace channel and spillway 

discharge channel. To mitigate impacts to lake whitefish, the blasting in these areas will be conducted 

outside of the lake whitefish spawning period.  

5.4.1.2.6 Water Quality Effects from Instream Activities, Malfunctions, or 

Accidental Spills 

The following summarizes the potential impacts to fish resulting from changes in water quality due to 

Project construction. A detailed discussion of potential effects of Project construction on water quality is 

found in Section 2.5.1. 

Generally, the construction and removal of cofferdams will generate less than 5 mg/L of total suspended 

solids (TSS) downstream of Gull Rapids (Section 2.5.1.1). Larger TSS increases are expected to be of 

small magnitude and of short duration. Peak levels are predicted to be up to 15 mg/L for one day or up 

to 7 mg/L for one month (Section 2.5.1.1). These concentrations are well below levels that been 

described as being “low risk” to fish and their habitat (25–100 mg/L; Government of Canada 1993), as 

supporting “good to moderate fisheries” (25–80 mg/L; European Inland Fisheries Advisory Commission 

[EIFAC] 1964), or as having little effect (20–40 mg/L; Hayes et al. 1992). Instream sedimentation 

monitoring will trigger immediate corrective actions if TSS criteria are exceeded (described in Sediment 

Management Plan). Drainage of surface runoff to the Nelson River will be controlled following a 

Drainage Management Plan (as described in the PD SV) to minimize the amount of sediment produced 

and the potential for sediment to enter watercourses. Water pumped out of cofferdam and excavation 

areas and concrete wash water will be pumped into a settling pond until it meets a TSS criterion of less 

than 25 mg/L before being pumped into the Nelson River. Therefore, construction-related increases in 

TSS are anticipated to have a negligible effect on the fish communities of the Nelson River and Stephens 

Lake.  

Underwater EMPAs in the reservoir will be armoured and of limited elevation to prevent erosion by 

flowing water. In shallow areas of the reservoir, they will be placed in areas where they will not increase 

the depletion of DO. As a result, any changes to water quality caused by EMPAs will have a negligible 

effect to fish.  
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Before being discharged into the Nelson River, wastewater effluent from the water treatment plant will 

meet Manitoba Conservation‟s Tier 1 Water Quality Standards for Secondary Treatment Technologies 

Discharging into Receiving Waters (as discussed in Section 2.5.1) and TSS levels in clarified effluent from 

the wash water from concrete aggregate and batch plant will be below those in the river. Liquid 

discharges to the Nelson River will not have a significant effect on fish because regulatory standards will 

be met or exceeded prior to discharge into the Nelson River.  

As discussed in Section 2.5.1, no significant impacts are expected as a result of accidental spills and 

releases of hydrocarbons and other hazardous materials due to safe handling and spill containment 

measures outlined in the Project Description (PD SV). Consequently, accidental hydrocarbon spills and 

releases are expected to have no effect on fish. 

5.4.1.2.7 Potential Harvest by the Workforce 

The potential for increased fishing activity due to the presence of construction workers and increased 

access during Project construction is discussed in detail in the Resource Use Supporting Volume. To 

reduce the effects of increased harvesting, the KCNs and Manitoba Hydro, in consultation with 

Manitoba Water Stewardship, will develop an Access Management Plan prior to construction. Fishing by 

the workforce will be restricted in all construction areas for safety reasons. It should be noted that 

Manitoba Conservation is responsible for the management of fisheries in the province, including 

avoidance of adverse effects related to over-harvesting. 

5.4.1.3 Access Road Stream Crossings 

The north access road is being constructed as part of the Keeyask Infrastructure Project. Construction-

related impacts of stream crossings for this road have been discussed as part of the environmental 

assessment report for this project (Keeyask Hydropower Partnership Ltd. 2009). The following is a 

discussion of the construction-related impacts associated with the construction of the south access road. 

Although measures will be taken to minimize the input of sediments (as discussed in Section 2.5.1), small, 

short-term increases in TSS are expected during and immediately after installation of culverts. 

Additionally, there is a small potential for accidental spills and releases of hydrocarbons at the stream 

crossings, but spill containment measures that will be described in the spill response plan will minimize 

the potential for impacts affecting more than the local area. 

At each of the three stream crossings along the south access road, there will be a direct loss of aquatic 

habitat due to the footprint of the road and the culvert. None of the habitat to be affected is considered 

critical (i.e., spawning or overwintering habitat). Changes to aquatic habitat at each road crossing may 

include the following: 

 Some decrease in depth for the length of the culvert at some sites and an increase in depth 

immediately upstream and downstream of the culvert at most sites;  

 Some increase in sedimentation downstream of the culvert at most sites; 

 Loss of rooted submergent aquatic plants in the immediate footprint of the road and culvert at most 

sites; and 
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 Increase in average velocity for the length of the culvert and a short length immediately upstream and 

downstream of the site. 

There is not expected to be a reduction in invertebrate (Section 4) or forage fish production at any of the 

crossings. Consequently, the stream crossings should not result in a substantial change to the amount of 

food available to the fish community at any of the tributaries. 

Movement of all fish at the proposed crossing locations is currently limited because of an abundance of 

beaver dams and obstructions downstream of the crossings. One juvenile northern pike and one adult 

white sucker were each captured at only one of the crossing sites. It is thought that, at present, the 

movement of all fish within the tributaries, and between the tributaries and larger systems is limited by 

natural blockages within the tributaries. None of these existing obstructions are likely to be removed. 

Consequently, construction of the south access road is unlikely to affect the local abundance of northern 

pike and larger suckers, or fish movement in general. 

Given the appropriate sizing and installation of culverts, and strict adherence to the Manitoba Stream 

Crossing Guidelines for the Protection of Fish and Fish Habitat (Fisheries and Oceans Canada and 

Manitoba Natural Resources 1996), habitat alterations associated with the construction of the south 

access road stream crossings are not expected to significantly affect the fish community. 

5.4.1.4 Net Effects of Construction with Mitigation 

As described above, the effects of construction to the fish community can largely be addressed through 

the application of guidelines for construction activities and measures to reduce effects from water quality, 

dewatering, and harvesting. The major construction effect will be a decrease in the year-class strength of 

fish species residing in Stephens Lake that rely primarily on spawning habitat in Gull Rapids (lake 

whitefish and, to a lesser extent, walleye) during the years that the cofferdams are in place. 

5.4.2 Operation Period 

The following assessment is based on information related to the Project and direct effects to the physical 

environment (PE SV and summarized in Section 1), as well as assessments of effects to water quality 

(Section 2.5.2), physical attributes of aquatic habitat (Section 3.4.2), and lower trophic levels 

(sections 4.2.4.2, 4.3.4.2, 4.4.4.2, and 4.5.4.2). Operational effects are described for the large-bodied and 

forage fish communities as a whole, and in terms of specific effects to each of the VEC fish species. In 

order to describe the use of habitat in the Keeyask Reservoir by VEC fish species over the long-term, 

habitat in the reach post-Project was classified into six general habitat types (Map 5-22; Appendix 5B).  

A habitat-based model was used to estimate the abundance of fish and available foraging habitat in the 

post-Project environment at four time steps (Years 1, 5, 15, and 30) for peaking and base loaded 

operation modes. Briefly, the model produced an estimate of fish use of foraging habitat in the reach of 

the Nelson River between Clark Lake and the Keeyask GS for each VEC species and the total catch of 

large-bodied and forage species as an overall mean CPUE and as the proportional increase in useable 

foraging habitat available. A habitat-specific CPUE was calculated by averaging site-specific values from 

habitat-based index gillnetting conducted in the study area from 2001-2004. In the case where a habitat 
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types was not sampled due to its absence/scarcity in the existing environment, or due to methodological 

constraints, then a CPUE value was estimated from surrogate values in similar habitat. The area of 

aquatic habitat types in the existing environment and post-Project Year 30 was estimated using GIS 

analysis methods. An intermittently exposed zone was calculated to account for differences in habitat 

areas due to the mode of operation (i.e., peaking or based load). For the intermediate time steps (Years 1, 

5, and 15), the post-Project habitat areas and fish use were modified to account for reservoir expansion, 

peatland disintegration, loss and subsequent reestablishment of macrophyte beds, and water quality 

conditions. Two metrics were calculated to evaluate the effects of reservoir creation: 1) a weighted mean 

was used to calculate an overall CPUE for the study area; and 2) habitat was ranked to estimate the 

amount of suitable habitat. The assumptions and calculations of the model are described in detail in 

Appendix 5B.  

In addition to the modelling exercise, the effects of operation-related pathways were considered through 

the use of empirical information from Stephens Lake and other reservoirs in northern Manitoba, 

reservoirs in other north temperate areas, the scientific literature, and available local knowledge.  

Mitigation and enhancement measures that would reduce potential negative effects and provide alternate 

aquatic habitat upstream of the GS structure are noted in the relevant effects sections and are described 

in detail in Appendix 1A.  

Predicted impacts on the fish community (including VEC species) in the study area resulting from habitat 

alteration due to operation of the Project are summarized in Figure 5-2. This assessment describes the 

effects of the Project to all fish species in general. Specific effects to any of the VEC species are 

presented after the general discussion. 

5.4.2.1 Upstream of the Keeyask Reservoir 

Operation-related pathways that could affect the fish community in this area are limited to effects to fish 

movements. Presently, it is not believed that this upstream reach contains critical habitat for fish 

populations in the Nelson River below Birthday Rapids and that immigration of fish to the reach from 

downstream areas is minimal. Changes in aquatic habitat in the Keeyask reservoir could result in 

increased fish movements upstream into Split/Clark lakes. In particular, there could be a mass influx of 

fish to this reach in the first year of impoundment as fish move upstream away from disturbed habitat in 

the reservoir, as has been seen during impoundment of the Desaulniers River, Québec (Boucher 1982).  

Over the long-term, decreases in water velocity at Birthday Rapids resulting from operation of the Project 

could facilitate the movement of some large-bodied species upstream over Birthday Rapids. However, 

the small number of fish that currently move between the Split and Keeyask areas is not expected to 

increase substantially as Long Rapids, which are located downstream of Clark Lake, will still have white 

water post-Project and would be expected to continue to function as an impediment to upstream 

movements (Section 3.4.2.2). Based on the limited swimming ability of many forage species, it is believed 

that movements upstream over Birthday and Long rapids would be minimal.  

The effects of immigration of fish from the Keeyask reservoir are not expected to be detectable in this 

reach over the long-term. Habitat changes in the Keeyask reservoir are not expected to affect fish in 

Split/Clark lakes since they are not dependent on habitat in that reach.  
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5.4.2.2 Within the Keeyask Reservoir 

5.4.2.2.1 Spawning Habitat 

Presently, large-bodied species including walleye, northern pike, and lake whitefish, are believed to spawn 

at various locations within the reach. It is expected that habitat alterations (Section 3.4.2.2), including the 

inundation of Birthday Rapids, siltation in Gull Lake (conversion of rock/cobble/gravel/sand substrates 

to silt/clay), and flooding of tributaries and creek mouths will detrimentally affect some areas currently 

used for spawning by some species, but will also result in the creation of newly flooded areas that will be 

suitable spawning habitat for some species. The inundation of Birthday Rapids may improve the ability of 

some species to move upstream through these rapids to access alternative spawning habitat above 

Birthday Rapids, such as Long Rapids, which will still have white water after impoundment 

(Section 3.4.2.2). Specific effects to spawning habitat for the three VEC species include the following: 

 Walleye have been documented to spawn at Birthday Rapids, opportunistically throughout Gull Lake 

where suitable habitat exists, and at creek mouths. Some areas currently used by walleye (e.g., Birthday 

Rapids, inlet to Gull Lake) would still be suitable post-impoundment (Map 5-23) and additional reefs 

will be formed at flooded islands. 

 Northern pike spawn throughout the reach in tributary mouths and off-current bays and, to some 

extent, at Birthday Rapids. The inundation of terrestrial vegetation near the mouths of several 

tributaries resulting from higher water levels could result in a short-term increase in spawning habitat. 

However, much of this vegetation will decompose as water levels stabilize and spawning habitat in 

the long-term would be largely restricted to flooded tributary mouths (Map 5-24). Strange et al. (1991) 

reported that spawning success of northern pike in Wupaw Bay of Southern Indian Lake was 

enhanced in only the first year after impoundment of the lake. Higher water levels in the Nelson 

River and the removal of debris accumulation at the mouths of streams (Appendix 1A) will allow 

northern pike better access to suitable spawning habitat that currently exists upstream in tributaries 

such as Portage Creek by eliminating some impassable barriers that currently exist. 

 Lake whitefish are thought to spawn at Birthday Rapids. Despite changes in velocity and depth, 

conditions this area is expected to remain suitable for spawning by lake whitefish after impoundment 

(Map 5-25). Condition at the constriction immediately upstream of Caribou Island may also continue 

to be suitable as site-specific velocities should be sufficient to prevent siltation.  

To increase the amount of spawning habitat for lake whitefish and walleye, some areas in the reservoir 

will be modified prior to impoundment by constructing shoals of suitable materials (i.e., 

boulder/cobble/gravel substrates) in the vicinity of known spawning locations. Shoals will be constructed 

with a minimum surface area of 0.1 ha in areas that will be shallow (for walleye depths range from 0.3–

0.8 m below the minimum reservoir level) or moderately deep (for lake whitefish water depths range 

from 2.0–2.5 m below the minimum reservoir level to avoid freezing during winter). The shoals will be 

exposed to sufficient water velocity or wave action to prevent the deposition of fine sediments. Up to 

eight potential locations have been identified. Design criteria are based on shoals that have been 

constructed in other areas (Appendix 1A).  
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Spawning habitat for forage fish is not believed to be limited for most species. Boucher (1982) reported 

that newly flooded terrestrial habitat in the Desaulniers reservoir, Québec, provided increased spawning 

habitat for forage fish such as stickleback. 

It is not believed that fish in the Nelson River upstream of Gull Rapids use Gull Rapids for spawning, 

therefore it is not expected that the loss of Gull Rapids due to the Project would have an effect on fish 

populations in this reach. 

Aquatic habitat modelling showed that weekly cycling during operation of the GS would result in 

approximately 1,200 to 1,800 ha (Year 1 and 30 time steps, respectively; Table 3D-1) of the newly 

flooded habitat to be exposed intermittently. This fluctuation could result in the exposure and subsequent 

mortality of some fish eggs or larvae for those species spawning in less than 1 m of water if a period of 

stable water levels is followed by cycling during a spawning period.  

While the Project is predicted to have an effect on the composition of the fish community in this reach, it 

is not expected that this change will result in a detectable change in the level of predation on fish eggs.  

5.4.2.2.2 Rearing Habitat 

Flooding of existing littoral habitats and creation of new littoral habitats in unstable environments (i.e., 

eroding shorelines, fluctuating water levels) could reduce the amount of rearing habitat available to many 

species of fish in this reach over the short-term. Initially, declines in water quality (Section 2.5.2.2) in off-

current areas, particularly off-current bays, could result in short-term avoidance of these areas by YOY 

since many species of fish show a preference for shallow water habitat during this life stage. In contrast, 

the YOY of those species that show a preference for deep water habitats (e.g., coregonines, burbot) 

would have an immediate increase of rearing habitat following impoundment that is not predicted to be 

affected by short-term declines in water quality. In the shallows, there would be a lack of aquatic plant 

cover available to YOY fish for the first 5–15 years after impoundment until aquatic plants beds re-

develop in the reservoir (Section 3.4.2.2). However, flooded shrubs and other material remaining after 

reservoir clearing are expected to provide alternate cover. Flooding will result in several of the tributaries 

currently used by forage fish, northern pike, and white sucker for rearing, Seebeesis, Effie, and Rabbit 

creeks, being converted to nearshore lacustrine habitat that would be subject to low dissolved oxygen 

(DO) conditions in the short-term (Section 2.5.2.2). 

An increase in the food base available to the YOY of many species, many of which are primarily 

planktivorous during their early life stages, is expected to occur during the first five to ten years after 

impoundment. Such a response is most likely to occur in off-current areas where there is expected to be 

an increase in the abundance of zooplankton in response to an increase of bacterial biomass resulting 

from the introduction of organic matter from decomposing terrestrial matter (Section 4.4.4.2). 

Over the long-term, it is anticipated that the food base for the YOY of many species of fish could 

increase due to a small increase in the biomass of phytoplankton and zooplankton in the reservoir bays 

(Section 4.2.4.2 and Section 4.4.4.2). Much of the rearing habitat lost in littoral areas of the former Gull 

Lake immediately after flooding will reform over the long-term once aquatic plant beds re-establish and 

provide cover for YOY fish. Specific effects to rearing habitat of the three VEC species include the 

following: 
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 Suitable rearing habitat for walleye is expected to occur over mineral substrates in nearshore areas of 

the reservoir (Map 5-23); 

 As aquatic macrophyte beds re-establish, they would provide cover for YOY northern pike in the 

shallows (Map 5-24); and 

 The reservoir is expected to provide abundant rearing habitat for lake whitefish in nearshore areas 

without organic substrates (Map 5-25). 

While the Project is predicted to have an effect on the composition of the fish community in this reach in 

the long-term, it is not expected that this change will result in a detectable change in the level of 

competition for rearing habitat among fish species. The abundance of walleye is predicted to gradually 

increase as a result of the Project, which has the potential to increase the level of predation on the YOY, 

particularly those species with which there is spatial overlap of preferred habitat. Since the abundance of 

forage species is predicted to increase moderately, it is thought that increased predation by piscivorous 

species (as a result of increased populations, described below) on YOYs on rearing grounds would be 

negligible.  

5.4.2.2.3 Foraging Habitat 

Initially, declines in water quality (Section 2.5.2.2) in off-current areas, particularly off-current bays, could 

result in short-term avoidance of these areas by the adults/juveniles of many species of fish. Moreover, 

seasonally low DO in these areas is expected to result in limited colonization of these areas by benthic 

invertebrates (Section 4.5.4.2) and forage fish for up to ten years after impoundment, which would 

further reduce the value of some of the existing and newly created aquatic habitat as foraging habitat for 

some species. In the shallows, there could be a lack of aquatic plant cover available to adult/juvenile 

northern pike and forage fish for the first 5–15 years after impoundment until aquatic plants beds re-

develop in the reservoir (Section 3.4.2.2). However, flooded vegetation and other material are expected to 

provide alternate cover in the interim. The loss of aquatic macrophyte beds in the short-term should have 

a limited effect on foraging habitat for walleye and lake whitefish as the abundance of these species was 

highest during summer in habitat characterized by sparse macrophyte growth, suggesting that open-water 

is more suitable as foraging habitat. 

The diversity of foraging habitat available to forage species in the reservoir would be reduced with the 

loss of run and riffle habitat in several tributaries of Gull Lake (e.g., Effie, Sam Bay, Seebeesis, Rabbit 

creeks and the lower reaches of Hidden, Trickle, Portage, and Two Goose creeks) due to flooding 

(Section 3.4.2.2), particularly for species typically associated with current such as longnose dace, lake 

chub, Johnny darter, mottled sculpin, and slimy sculpin. Riffle habitat, in particular, is generally highly 

productive in terms of insect larvae (Section 4.5.4.2). It is expected that suitable habitat for these species 

would exist in the unflooded, upstream reaches of these tributaries. 

After impoundment, there will be a moderate decrease in drifting invertebrates in the reservoir as a result 

of a decrease in water velocity (Section 4.5.4.2). The loss of drifting invertebrates will have a negligible 

effect on the VEC species since the diet of walleye and northern pike in Gull Lake consists primarily of 

fish, while that of lake whitefish consists primarily of benthic macroinvertebrates (Appendix 5C).  
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Over the long-term, the colonization of the newly flooded habitat will result in a large increase in 

macroinvertebrates (Section 4.5.4.2) and a moderate increase in forage fish, which could increase the 

forage base available for large-bodied species in the reach. Cover will be available in the shallows as 

aquatic plant beds re-establish (Section 3.4.2.2). Specific effects to foraging habitat of the three VEC 

species include the following: 

 Walleye are expected to forage throughout the reach except in areas of high velocity or organic 

substrates (Map 5-23); 

 Suitable foraging habitat for northern pike is expected to occur over mineral substrates in nearshore 

areas of the reservoir, in backbays along the upper reaches of the reservoir, and in the unflooded 

lower reaches of creeks such as Nap, Portage, Trickle, and Two Goose (Map 5-24); and 

 The reservoir would continue to provide suitable foraging habitat for lake whitefish as did Gull Lake, 

particularly in offshore areas with flowing water (Map 5-25). 

While the Project is predicted to have an effect on the composition of the fish community in this reach in 

the long-term, it is not expected that this change will result in a detectable change in the level of 

competition for foraging habitat among fish species. The abundance of walleye is predicted to gradually 

increase as a result of the Project, which has the potential to increase the level of predation on some 

species, particularly those species with which there is spatial overlap of preferred habitat (such as lake 

whitefish and white sucker). Since the abundance of forage species is predicted to increase moderately, it 

is thought that increased predation by walleye on foraging grounds would be negligible. 

5.4.2.2.4 Overwintering Habitat 

Reduction in water velocity and increase in depth (Section 3.4.2.2) could increase the amount of 

overwintering habitat available to the fish community. Localized reductions in oxygen concentration 

(DO) during winter, particularly during the first one to five years after impoundment (Section 2.5.2.2), 

may make some of the newly flooded areas unsuitable as overwintering habitat. However, it is expected 

that even in the initial years post-impoundment, there will be an abundance of overwintering habitat 

available to the fish community in this reach due to the creation of large areas of standing and low 

velocity deep water habitat within the reservoir (Map 5-23, Map 5-24 and Map 5-25).  

There is the potential for fish to be stranded as ice forms over the bay of the reservoir created by the 

flooding of Little Gull Lake (i.e., peat transport zone 9) when the channels leading into the bay freeze, 

isolating the bay from the rest of the reservoir (Section 2.5.2.2). Anoxic conditions could develop in this 

bay over the winter, resulting in fish mortality. Fish favouring shallow vegetated habitat, such as northern 

pike, would be most at risk. To allow fish to escape, two channels will be constructed to connect this area 

to the main reservoir (Appendix 1A). The dimensions of these channels were selected based on those of 

small tributaries where fish were known to move under ice; one channel will be approximately 400 m 

long and the other approximately 800 m long, and both will be 5 m wide at the base with a minimum 

water depth, under ice, of 1.0 m. 
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5.4.2.2.5 Movements 

Based on the movements of VEC species inhabiting the Nelson River between Long and Gull rapids that 

have been studied (i.e., walleye, lake whitefish, and northern pike), it is thought that there is minimal 

movement of fish upstream over Long or Birthday rapids and downstream over Gull Rapids. 

Furthermore, it does not appear that Split/Clark lakes or Stephens Lake provide critical habitat for large-

bodied fish in the Keeyask Area.  

Changes in aquatic habitat in the Keeyask reservoir could result in increased fish movements out of the 

reach. In particular, there could be a mass emigration of fish out of the reach in the first year of 

impoundment as fish move away from disturbed habitat. Emigration out of the Limestone reservoir, 

Manitoba (NSC 2012) and the Desaulniers River, Québec (Boucher 1982) during impoundment was 

linked with a sudden decrease in the abundance of fish. It is anticipated that some fish will move 

upstream away from disturbed areas in the Keeyask reservoir, but will quickly re-colonize the reservoir 

once water quality conditions stabilize. Those fish that do move downstream past the Keeyask GS would 

be lost to the reservoir as the barrier created by the GS will prevent them from returning upstream.  

The number of fish moving out of the reservoir through the Keeyask GS over the long-term via the 

spillway (when it is in operation) and the turbines would be small based on telemetry studies conducted 

in the Limestone reservoir (Pisiak 2009). Less than 3% of the walleye (n = 34 fish) and approximately 

14% of the northern pike (29) and lake whitefish (14) marked with acoustic transmitters and released into 

the reservoir potentially passed downstream through the GS or spillway during the open-water seasons of 

2005–2007. During this time, the majority of the walleye, northern pike, and lake whitefish that remained 

in the reservoir showed a preference for the upper reach, which minimizes the potential of these species 

passing downstream through the Limestone GS. As discussed in Section 5.4.2.3.5, a trap and transport 

program to maintain upstream movement of fish from Stephens Lake to the reservoir will be 

implemented. 

Decreases in water velocity at Birthday Rapids resulting from operation of the Project (Section 3.4.2.2) 

could facilitate the movement of some large-bodied species upstream over Birthday Rapids over the long-

term. However, the small number of fish that currently move between the Split and Keeyask areas is not 

expected to increase substantially as Long Rapids downstream of Clark Lake would be present post-

Project. Based on the limited swimming ability of many forage species, it is believed that movements 

upstream over Birthday and Long rapids would be minimal. 

Overall, the effects of emigration of fish from the Keeyask reservoir are not expected to be detectable 

over the long-term.  

5.4.2.2.6 Health 

Growth and condition of many species could increase after impoundment in response to increased 

primary and secondary production (Section 4.2.4.2, Section 4.4.4.2 and Section 4.5.4.2). Increased growth 

could result in an increase in fecundity. 

An increase in condition was observed in large-bodied species residing in the reservoirs of the La Grand 

Hydroelectric Complex, Robert Bourassa and Opinaca, in Québec (DesLandes et al. 1995; Hayeur 2001). 
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By the second or third year after impoundment, the condition factors of many of the dominant large-

bodied species were 10–20% higher than those under natural conditions (Hayeur 2001). However, by the 

end of the series, 12–13 years after impoundment, growth and condition had declined, but were still 

higher or equal to levels observed before impoundment (DesLandes et al. 1995). Based on existing mean 

condition factors of VEC fish species in Stephens Lake, it is expected that condition over the long-term 

of walleye would be comparable to values currently observed in Gull Lake (Appendix 5C).  

The incidence of deformities, erosion, lesions and tumours (DELTs) is not expected to increase in fish 

inhabiting this reach in response to the Project since hydroelectric development has not been 

documented to result in an increase in the rate of DELTs in other waterbodies in northern Manitoba 

(Table 5C-7). 

5.4.2.2.7 Mortality/Injury 

At present, this reach is subject to limited domestic and commercial fishing activity due to difficulty in 

access. The construction of the access road and reduction in velocity at Birthday Rapids could increase 

the potential for people to access this reach and could result in an increase in harvesting of species such 

as walleye, northern pike, and lake whitefish. Long-term increases in mercury levels in fish, particularly 

piscivorous species (i.e., northern pike and walleye), would likely minimize harvesting activities in the 

initial years post-impoundment. It is expected that harvesting would remain within sustainable levels, 

given regulation of recreational fisheries, the absence of commercial fisheries, and the traditional 

sustainable approach employed by domestic harvesters. In addition, the KCNs have indicated that they 

prefer harvesting off-system areas due to concerns with fish quality, including mercury levels and 

palatability. It is also expected that the offsetting programs will redistribute existing domestic fishing 

pressure to a broader land base. 

Downstream movement of fish through the generating station could result in mortality due to turbine 

strikes. However, this would affect the size of downstream populations and is discussed in the assessment 

of the downstream area (Section 5.4.2.3.7). 

5.4.2.2.8 Habitat-based Modelling of Abundance 

The habitat model is based on foraging habitat, which is likely the habitat that most influences the total 

amount of fish present in a system if other habitats (e.g., spawning and overwintering) are sufficiently 

available. It should be noted that the model is based on fish production in habitat types and that actual 

fish numbers will require at least one generation to reflect productive capacity.  

Based on habitat modelling, fish abundance is calculated to be 7% lower than in the existing environment 

for large-bodied species and 20% lower for forage species in the first year after impoundment in peaking 

mode of operation (the most expected and typical mode as described in the PE SV), but will gradually 

increase over time as aquatic habitat evolves (Table 5-33). However, within the first year of impoundment 

there would be an increase of 60-80% in the useable foraging area (Table 5-34). Specific effects to the 

three VEC species include the following: 

 The abundance of walleye and lake whitefish could increase by 8% in the first year after 

impoundment and would remain higher than in the existing environment as the aquatic habitat 
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evolves (Table 5-33). Within the first year of impoundment there would be an approximate doubling 

of the useable foraging area for these species (Table 5-34); and 

 In contrast, the abundance of northern pike could be 36% lower in the first year after impoundment 

and would gradually increase over time as habitat evolves (Table 5-33). However, within the first year 

there could be as much as a 30% increase in useable foraging area for northern pike (Table 5-34). 

At Year 30, an increase of about 3,400–5,200 ha (at 158 m above sea level [ASL] and 159 m ASL, 

respectively) in the area modelled of primarily deep, standing/low velocity habitat with soft silt/clay 

substrates (Table 3D-1) is expected to result in an increase in the overall mean CPUE for large-bodied 

and forage fish communities of 15% (Table 5-33) and just over a doubling of useable foraging habitat 

(Table 5-34). Specific effects to the VEC species include: 

 There could be an increase in the overall mean CPUE of walleye by 25% and lake whitefish by 38% 

(Table 5-33). Moreover, impoundment would result in an almost doubling of the useable foraging 

habitat for walleye and more than a doubling of useable foraging habitat for lake whitefish 

(Table 5-34). Thus, both the density and quantity of these VEC species are expected to increase 

moderately in the long-term; and 

 There would be a decrease in the overall mean CPUE for northern pike of 10% (Table 5-33). 

However, there would be a proportional increase in suitable foraging habitat for northern pike over 

the long-term of about 1.8 fold (Table 5-34). Thus, while the density of northern pike is expected to 

decrease moderately after impoundment, the number of northern pike should increase due to a 

moderate increase in the amount of useable foraging habitat available. 

5.4.2.2.9 Abundance in Other Reservoirs 

It is expected that the large-bodied fish community and VEC species in the Keeyask reservoir would 

respond to impoundment in a comparable manner to the main species in the reservoirs of the La Grande 

complex, Québec (Hayeur 2001; DesLandes et al. 1995). There was an immediate decrease in CPUE of 

most species (e.g., walleye, northern pike, lake whitefish) in the first year after the impoundment of the 

Robert Bourassa and Opinaca reservoirs, which was attributed to a dilution of the fish population in 

response to flooding. Fish populations, particularly lake whitefish, cisco, and northern pike populations, 

generally increased over the following five years (Hayeur 2001). Specific effects to the three VEC species 

include the following: 

 Walleye abundance remained low until recruitment improved in the eighth year after impoundment. 

The increase in recruitment in these reservoirs was attributed to increases in available spawning and 

rearing habitat in response to the rise in water levels;  

 After the first year, northern pike abundance increased, partly in response to widespread increases in 

recruitment, and the species became the dominant predator within a few years of impoundment. 

Improved recruitment was attributed to increases in available spawning and rearing habitat due to the 

rise in water levels, increased zooplankton production, and increased cover from submerged trees. 

High recruitment levels were observed for about three years, after which they declined gradually; and 
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 Lake whitefish populations generally increased over several years (Hayeur 2001). DesLandes et al. 

(1995) reported that these short-term changes in lake whitefish CPUE in the La Grande Complex 

reservoirs appear to have resulted partially from redistribution of fish; lake whitefish were attracted to 

the highly productive bay areas with high rates of decomposition of terrestrial vegetation. Year-class 

strength increased during the year of impoundment, after which it gradually declined. This rapid, but 

short-term, increase in lake whitefish recruitment was likely due to the general increase in primary 

and secondary production after impoundment. 

Most fish populations in the La Grande complex reservoirs returned to levels observed before 

impoundment after about 15 years (DesLandes et al. 1995; Hayeur 2001). 

Currently, the production of the large-bodied fish community in Stephens Lake, as indicated by CPUE 

values, is about the same as in Gull Lake (Table 5-7 and Table 5-13), suggesting there may not be an 

increase in production in the Keeyask reservoir due to impoundment over the long-term. 

 Walleye production is about 20% higher than in Gull Lake (Table 5-7 and Table 5-13), suggesting 

there could be an increase in walleye production in the Keeyask reservoir due to impoundment over 

the long-term. 

 The production of northern pike is about 9% lower than in Gull Lake and lake whitefish about the 

same (Table 5-7 and Table 5-13), suggesting there would not be an increase in the production of 

these species in the Keeyask reservoir due to impoundment over the long-term. 

In the Desaulniers reservoir, Québec, forage fish production increased immediately after impoundment 

due to a mass migration of small-bodied fish (stickleback, yellow perch, trout-perch, and sculpins) into 

the reservoir from the nearby Desaulniers Lake and River (Boucher 1982). The author attributed the 

migration to an increase in zooplankton in the reservoir. The CPUE of forage fish in Stephens Lake is 

currently about 50% lower than in Gull Lake (Table 5-9 and Table 5-15), suggesting that there would not 

be an increase in forage fish in the Keeyask reservoir due to impoundment over the long-term. However, 

forage fish production in Stephens Lake is not likely a good indicator of the long-term CPUE of forage 

fish in the Keeyask reservoir since lower production in the existing environment of Stephens Lake is 

primarily a result of a much lower abundance of rainbow smelt than currently found in Gull Lake. It is 

expected that even in the absence of the Project, rainbow smelt would continue to increase in Stephens 

Lake and would contribute to an increase in the overall forage fish production. 

The conversion of the Keeyask reach to an area of deeper, slower moving water is expected to result in a 

shift in the species composition of the fish community. Over the long-term, the relative abundance of 

species typically associated with lacustrine conditions, such as walleye, white sucker, northern pike, 

burbot, emerald and spottail shiner, fathead minnow, pearl dace, sticklebacks, Iowa darter, and logperch, 

may increase. In contrast, species that prefer riverine conditions, such as longnose sucker, mooneye, 

goldeye, river and Johnny darter, sculpins, trout-perch, lake chub, and longnose dace, may become 

relatively less abundant. Such a shift has been observed for large-bodied species after impoundment at 

reservoirs further downstream on the Nelson River, including the Kettle reservoir (Bretecher and 

MacDonell 2000; Section 5.3.2.7), the Long Spruce reservoir (Johnson et al. 2004), and the Limestone 

reservoir (NSC 2012), as illustrated in Figure 5-3. The forage fish community has generally not been well 
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studied in newly impounded reservoirs. After the impoundment of Southern Indian Lake, an increase in 

the depth and clarity of Wupaw Bay was attributed with an increase in the lake‟s suitability to pelagic 

forage fish, such as emerald shiner (Strange et al. 1991).  

5.4.2.3 Downstream of the Keeyask Generating Station 

Most of the changes to fish habitat downstream of the Keeyask GS from operation of the Project will 

occur within a 3 km reach between the powerhouse and Stephens Lake (Section 3.4.2.3). Effects of these 

changes to water levels, velocity, and sedimentation are discussed below. Given that the elevation of the 

tailrace of the GS is within the operating range of Stephens Lake, water levels in the river channel 

downstream of the GS are largely controlled by water levels on Stephens Lake and only a minimal 

amount of habitat is subject to dewatering due to cycling at the GS. As this habitat is already within the 

intermittently expose zone created by regulation of Stephens Lake, cycling from the GS is not expected 

to change its suitability as fish habitat. While a thin layer of sediment (0.1–0.6 cm) introduced during the 

construction phase is expected to persist on the bottom of Stephens Lake into the operation period, the 

amount of material is not expected to affect fish use of habitat within Stephens Lake (Section 5.4.1.2.2).  

5.4.2.3.1 Spawning Habitat 

Gull Rapids currently provides important spawning habitat for several species of fish inhabiting Stephens 

Lake. Construction of the GS would result in the loss of spawning habitat in Gull Rapids due to the 

footprint of the GS and dewatering (Section 3.4.2.3) for several species. Without mitigation, the loss of 

spawning habitat at Gull Rapids would likely result in a decrease in recruitment to the populations such as 

walleye and lake whitefish in Stephens Lake. While it is expected that walleye and lake whitefish would 

find alternative spawning habitat elsewhere in the reach, such as Looking Back Creek, North and South 

Moswakot Rivers, and Ferris Bay, the loss of spawning habitat will be partly mitigated by the construction 

of artificial spawning habitat in the tailrace of the GS. Information about the tailrace spawning structure 

is provided in lake sturgeon Section 6.4 

Because Gull Rapids is one of the few locations known to be used for spawning by lake whitefish in 

Stephens Lake, a 0.1 ha spawning reef will also be constructed in the lake to provide additional spawning 

habitat post-Project (Appendix 1A). The reef was designed using criteria that have been successfully 

applied in other areas. It will consist of a mixture of boulders, cobbles, and gravels, placed to form a 

shoal 2.0–2.5 m below the minimum water elevation in Stephens Lake (to avoid freezing over winter), 

and exposure to sufficient water velocity or wave action to maintain the substrate free of fines.  

Many species, including walleye and northern pike, may also spawn in areas along the north bank of the 

Nelson River just downstream of Gull Rapids (Appendix 5D). Habitat in this area is expected to be 

altered by post-Project sedimentation and changes in velocity distribution.   

As there is an abundance of suitable spawning habitat available to northern pike elsewhere in Stephens 

Lake, the loss of spawning habitat at Gull Rapids is not expected to affect northern pike populations. 

It is not expected that egg survival and hatchability would be affected by the Project as TSS and DO are 

not expected to change significantly in the Nelson River immediately below the GS or in Stephens Lake 

(Section 2.5.2.3) and would therefore not result in anoxia or siltation. It is not expected that the Project 
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would result in a change in the level of predation on fish eggs since the fish community structure of 

Stephens Lake is not expected to change as a result of the Project.  

5.4.2.3.2 Rearing Habitat 

The effect of the Project on rearing habitat for the fish community and VEC fish species is expected to 

be minimal. Rearing habitat in the existing environment is located in the mainstem of Stephens Lake, 

where the Project is expected to have only a minimal effect on the quality or quantity of aquatic habitat 

(Section 3.4.2.3) and planktivorous prey (Section 4.2.4.2 and 4.4.4.2). This area would be accessible to fish 

hatched on constructed spawning habitat below the GS. While Gull Rapids Creek may presently provide 

important rearing habitat for sucker species, it is unlikely that the isolation of the creek from the main 

channel following the dewatering of the south channel of Gull Rapids (Section 3.4.2.3) will affect the 

populations that currently use habitat in this creek as these fish are thought to be resident populations 

from the unnamed headwater lake. 

It is not expected that the Project would result in increased competition for available rearing habitat or 

increased predation of YOYs by larger fish since the community structure of Stephens Lake is not 

expected to change as a result of the Project.  

5.4.2.3.3 Foraging Habitat 

Impoundment and the loss of Gull Rapids will likely result in a moderate decrease in the amount of 

forage available to forage fish and the piscivorous species that feed on them, such as northern pike and 

walleye, in the river channel below the GS due to a decrease in drifting and benthic invertebrates 

(Section 4.5.4.2 ). However, this localized decrease should have a limited effect on the fish community in 

Stephens Lake as there is suitable foraging habitat available elsewhere in the lake, particularly in the north 

arm (Table 5-7 and Table 5-14). It is expected that there will be no effect to invertebrate production in 

Stephens Lake proper. 

It is not expected that the Project would result in increased competition for available foraging habitat or 

increased predation by piscivores since the community structure of Stephens Lake is not expected to 

change as a result of the Project. 

5.4.2.3.4 Overwintering Habitat 

It is expected that Stephens Lake will continue to provide sufficient overwintering habitat for fish.  

5.4.2.3.5 Movements 

Forage fish are not thought to move upstream over Gull Rapids in the existing environment; therefore, 

the presence of the GS should not affect movement. The GS will block the movements of large-bodied 

fish upstream over Gull Rapids. However, this blockage would likely have a minimal effect to the fish 

community as fish in Stephens Lake are not presently believed to use habitat upstream of Gull Rapids.  

The movement of fish inhabiting the Keeyask area downstream into Stephens Lake is also believed to be 

minimal. However, there could be a short-term increase in emigration of fish out of the reservoir while it 

is being impounded as was seen during the impoundment of the Limestone GS in 1989 (NSC 2012). As a 

result, there was a temporary increase in fish abundance below the Limestone GS as these fish were 



KEEYASK GENERATION PROJECT June 2012 

 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY 5-61 

prevented from returning upstream by the presence of the GS. It is likely that there would be a similar 

short-term increase in fish abundance in Stephens Lake during the impoundment of the Keeyask 

reservoir. 

Over the long-term, however, the number of large-bodied fish moving downstream through the Keeyask 

GS should be small based on telemetry studies conducted in the Limestone reservoir from 2005 to 2007 

(Pisiak 2009; discussed in Section 5.4.2.2.5). It is not known what proportion of the forage fish 

community in Gull Lake currently moves downstream through Gull Lake into Stephens Lake. Once the 

turbines are in operation, those fish that do move downstream through the Keeyask GS will be 

susceptible to turbine mortality (discussed under heading Mortality/Injury below). During spillway 

operation, which would be in operation approximately 12% of the time on an annual basis based on 

historical records (though typically some years have frequent spills and other have none), relatively more 

fish may be entrained in the flow and move downstream than during normal GS operation due to high 

water velocities in the immediate reservoir upstream of the spillway. 

While the amount of larval fish that currently drift from Gull Lake downstream over Gull Rapids to 

Stephens Lake is not known, given that Stephens Lake is much larger than Gull Lake and has abundant 

spawning habitat, the contribution from upstream is likely not required to maintain populations in 

Stephens Lake. It is expected the amount of drift, notably of walleye and lake whitefish, would be 

reduced post-impoundment. After the Project is built, downstream transport would be reduced due to 

lower velocities in the reservoir upstream of the GS compared to the existing environment. Spawning 

would generally occur in the upper portions of the reservoir and the large expanse of standing or low 

velocity water is expected to retain more larvae upstream of the GS than is currently the case.  

Although creating a barrier to upstream fish movement is not expected to affect population size, DFO 

has identified the need to include upstream fish passage in the Project design to maintain existing 

connections among fish populations. This reflects a precautionary approach with respect to uncertainty 

regarding the importance of maintaining connections among populations. To address effects of the 

generating station on fish movements, three measures will be implemented. Upstream fish passage will be 

provided by a trap and transport program that will target key fish species (walleye, northern pike, lake 

whitefish, and lake sturgeon [discussed in Section 6]) during the initial period of operation. The results of 

the trap and transport program, fish movements, and fish populations will be monitored to assist in 

optimizing fish passage in the long-term. Turbines and spillways will be designed in a manner that will 

allow fish moving downstream to do so without significant mortality that would affect the fish 

populations (as described below under Mortality/Injury).  

A specific trap and transport program is under development (see Appendix 1A) and will be implemented 

in close consultation with DFO and Manitoba Conservation and Water Stewardship. The conduct of the 

trap and transport program will be planned to avoid potential adverse effects, such as depletion of fish 

stocks in Stephens Lake and release of fish into unsuitable environments in the reservoir (e.g., fish 

requiring fast-flowing water for spawning would not be transported to a deep section of the reservoir 

during the spawning season). Monitoring of the movements of fish that are transported in the program, 

as well as individuals that are immediately downstream of the station will be used to determine the 

success of the program. This would include both an assessment of the success in capturing fish for 
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transport and determining whether transported fish are better able to fulfill their life history requirements 

than fish that remain below the generating stations. Results of monitoring would be used to refine the 

trap and transport program or provide the rationale for selection of a different method of fish passage. 

5.4.2.3.6 Health 

Growth and condition of the fish community in Stephens Lake is not expected to changes as the Project 

is expected to have a minimal effect to forage production (Section 5.4.2.3.3).  

The incidence of DELTs is not expected to increase in fish inhabiting Stephens Lake in response to the 

Project since hydroelectric development has not been documented to result in an increase in the rate of 

DELTs in other waterbodies in northern Manitoba (Table 5C-7).  

5.4.2.3.7 Mortality/Injury 

Fish moving downstream from the Keeyask reservoir will be subject to potential injury or mortality due 

to passage through the turbines or down the spillway. Members of FLCN predict that the Keeyask 

Project will negatively affect fish populations by causing spillway and turbine mortality (FLCN 2008 

Draft; FLCN 2009 Draft). Turbine passage can result in mortality of fish directly through a variety of 

mechanisms (e.g., pressure changes, shear stress, turbulence, striking, grinding) or indirectly through 

increased susceptibility to disease and predation. Among other factors, the survival of fish entrained in 

turbines depends on the size, species, and health of the fish (Cada 2001). It is unclear from the literature 

whether fish size is positively related to turbine mortality or whether there are more complex interactions 

(reviewed in Jansen et al. 2004). Some studies have shown that fish shape, size, and behaviour interact to 

produce different types of injuries; larger fish may be more susceptible to blade strike whereas younger 

and small fish may be more susceptible to shear stress. While there are no stations that incorporate all of 

the features planned for Keeyask for the types of species present, estimated survival rates have been 

based on extrapolations from a similar station, the re-runnered Kelsey GS. Turbine passage studies 

conducted at the Kelsey G.S. found the following:  

 The survival rate of walleye (mean length of 428 mm) experimentally introduced to a re-runnered 

turbine at the Kelsey GS was 88% and 75% for northern pike (greater than 450 mm) (NSC 2009); 

and  

 About two thirds of the walleye passed through the turbines without injury (cuts/scrapes, scale loss, 

loss of equilibrium, mortality). The incidence of northern pike that passed through the turbines 

without injury decreased with northern pike length. The proportion of injury-free sub-adult 

northern pike (150–450 mm) was 72% compared to 38% for their adult con-specifics.  

The injuries and mortalities observed at the Kelsey GS have been attributed to the turbines‟ high 

rotational speed and sharp leading edges. The turbine selection criteria for the Keeyask GS included 

several measures to reduce effects to fish; therefore, the rate of injury is expected to be somewhat lower 

than measured at the Kelsey GS. These features were selected based on experimental studies that have 

occurred at hydroelectric stations in Canada and the United States. Important features include methods 

to: reduce the probability of fish being struck while passing through the turbines (by eliminating overhang 

by structures such as wicket gates and reducing rotational speed); reduce the size of gaps where fish may 
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become trapped; reduce the degree of injury (by providing blades with a thicker leading edge and 

reducing rotational speed); and incorporate measures to reduce turbulence. Based on the turbine 

specifications, the calculated survival rate for fish up to 500 mm long is greater than 90% (see 

Appendix 1A for details). 

Forage and larval fish will also be susceptible to turbine mortality. While there are few studies of 

ichthyoplankton mortality through turbines, particularly specific to boreal fish species, mortality due to 

contact with blades, shear, and pressure was estimated to be less than 5% at low-head (less than 30 m), 

propeller-type facilities (Cada 1990).  

Passage through the spillway is not expected to result in greater mortality or injury than currently occurs 

for fish moving downstream past Gull Rapids because the spillway channel will follow the old riverbed 

and not have any sudden drops, plunge pools, or barriers. Fish could become stranded in isolated pools 

that may form in portions of the south channel of Gull Rapids after the spillway ceases operation 

(Section 3.4.2.3). To mitigate this effect, channels will be excavated to connect the pools to Stephens 

Lake to prevent fish stranding when water is not passed through the spillway (Appendix 1A). 

Fish may also move past the trash racks and turbines. As described in Appendix 1A, trash racks will be 

installed on the face of each intake to the powerhouse and be comprised of vertically oriented rectangular 

shaped steel bars with a clear bar spacing of 16.75 cm. As discussed in Appendix 1A, the largest 

individuals in the population (depending on species, greater than 1.4 m in fork length) will be physically 

excluded from passing downstream. Slightly smaller individuals would also not be expected to pass 

downstream as the opening would only be slightly larger than their body. Based on the estimated 

velocities at the intake (ranging from 1.0–1.2 metres/second) and fish swimming capabilities, few fish are 

expected to become permanently impinged on the trash rack. Smaller fish that are moving downstream 

would move past the trash racks to the turbines.  

At present, this reach is subject to limited domestic and commercial fishing activity. The construction of 

the access road and boat launch will improve access this reach and therefore have the potential to 

increase the harvest of targeted large-bodied fish species (e.g., walleye, northern pike, and lake whitefish), 

though concerns related to increased mercury levels in some species (e.g., walleye and northern pike) may 

affect the interest in the fishery. It is expected that the current commercial harvest will cease operation 

(Socio-economic, Resource Use, and Heritage Resources Supporting Volume [SE SV], Resources Use 

Chapter); therefore, a negligible decrease in mortality due to harvest is expected. 

5.4.2.4 Access Road Stream Crossings 

Changes in the quantity and quality of aquatic habitat described under construction would continue under 

operation if the north and south access roads are to remain in place for the lifespan of the GS. However, 

given the small amount of habitat affected and the provision of fish passage where fish are present (i.e., 

Looking Back Creek, Gull Rapids Creek, Gillrat Lake Creek), no effect to fish populations is expected 

due to operation of the north and south access roads.  
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5.4.2.5 Net Effects of Operation with Mitigation 

Fish movement studies suggest that there is limited movement of large-bodied fish species among the 

three reaches in the study area. Therefore, it is expected that the Project will have a differing level of 

effect on the fish community and VEC fish species in the Keeyask reservoir (from the GS upstream to 

Clark Lake) than to fish communities located either upstream or downstream of the reservoir.  

The most prominent effect to fish community in the Keeyask reservoir over the long-term is expected to 

be related to a decrease in habitat diversity in the reservoir. Project-related changes in the availability of 

habitat required by fish species to complete the various life history stages could result in a shift in the 

species composition. Habitat in the reservoir will be deeper and slower moving than that which occurs in 

the existing environment and could result in an increase in species associated with lacustrine conditions 

and a decrease in species that prefer riverine conditions. As well, there will be a loss of run and riffle 

habitat associated with the inundation of several tributaries. Specific effects to the three VEC species 

include: 

 Walleye and lake whitefish populations in the Keeyask reservoir are expected to benefit from 

impoundment over the long-term. Both the habitat-based model and existing conditions in reservoirs 

used as proxies (e.g., Stephens Lake, reservoirs in Québec) suggest that the abundance of these 

species in the Keeyask reservoir would be similar to or moderately higher than conditions that 

currently exist in Gull Lake. Over the long-term, there could be an increase of foraging habitat 

available to walleye and lake whitefish populations. However, the homogenization of habitat 

conditions in the reservoir could result in a decrease in spawning habitat for these species, which 

spawn over cobble/gravel substrates in faster flowing water. Creation of artificial spawning beds in 

the reservoir for walleye and lake whitefish will mitigate some of this loss. The inundation of 

Birthday Rapids could also result in a loss of spawning habitat for these species; however, it is 

expected that fish would find alternative suitable habitat within Birthday Rapids or would move 

further upstream to access habitat available at Long Rapids. 

 The modelled density (i.e., CPUE) of northern pike is expected to decrease over the long-term in the 

Keeyask reservoir following impoundment. However, it is expected that there will be an increase in 

the actual number of northern pike due to the increase in useable northern pike habitat resulting 

from the increase in the size of the reservoir. Existing conditions in reservoirs used as proxies also 

suggest that the abundance of northern pike in the Keeyask reservoir would be similar or slightly 

lower than currently found in Gull Lake. Once macrophyte beds re-establish in the reservoir, 

spawning habitat for northern pike would be available around flooded tributary mouths and in 

upstream unflooded reaches of creeks. 

Below the Keeyask GS, it is anticipated that the major effect to the fish community and VEC species will 

be associated with the destruction of fish habitat in Gull Rapids. Without mitigation, the loss of spawning 

habitat at Gull Rapids would likely result in a significant decrease in recruitment to the populations of 

some large-bodied species (e.g., lake whitefish, walleye) in Stephens Lake. It is expected that these species 

would find alternative spawning habitat elsewhere in the reach or would use artificial spawning habitat 

created below the GS as part of mitigation. Because Gull Rapids is one of the few locations known to be 
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used by lake whitefish in Stephens Lake, artificial spawning reefs will also be constructed in the lake to 

ensure there is adequate spawning habitat available post-Project. Therefore, in the long-term, it is 

expected that there will be a small to moderate decrease in walleye and lake whitefish populations in 

Stephens Lake. In contrast, the loss of spawning habitat at Gull Rapids is not expected to result in a 

detectable decrease in recruitment to northern pike populations in Stephens Lake as sufficient alternative 

spawning habitat is available in Stephens Lake and tributaries. There will be sufficient habitat available in 

the Nelson River below the GS and in Stephens Lake for forage species such that the loss of habitat at 

Gull Rapids will be negligible in maintaining current population levels. 

The fish community and VEC species upstream of Clark Lake are not expected to be impacted by the 

Project since Long Rapids will be unaffected by impoundment and should prevent detectable changes to 

the current level of migration into or out of this reach. 

5.4.3 Residual Effects 

Expected residual effects to the fish community and VEC fish species resulting from construction and 

operation of the Project are summarized in Table 5-35 and Table 5-36, respectively, and are described in 

brief below. 

5.4.3.1 Construction Period 

Once the appropriate mitigation measures (described in Appendix 1A) are applied to address 

construction effects to the fish populations: 

 There will be no predicted effects for fish residing in the reach of the Nelson River between Clark 

Lake and Stephens Lake.  

 There will be a decrease in the year-class strength of fish residing in Stephens Lake that rely primarily 

on spawning habitat in Gull Rapids for the years that the cofferdams are in place. 

5.4.3.2 Operation Period 

Residual effects to the fish community within and below the reservoir will primarily occur as a result of 

changes in the quality and quantity of aquatic habitat and changes in water quality and the availability of 

lower trophic levels as forage.  

 For the first five to ten years after impoundment, fish habitat in the newly flooded areas of the 

reservoir will be of lower quality for fish due to low DO conditions, shoreline instability, and the 

absence of aquatic plants.  

 For northern pike, the newly flooded terrestrial habitat will provide an increase in spawning habitat 

until this vegetation decomposes.  

 Over the long-term, there will be an increase in fish abundance in the reservoir in response to an 

increase in aquatic habitat; however, there will be shift in the fish community towards species that 

prefer lacustrine (e.g., walleye) rather than riverine conditions (e.g., longnose sucker).  
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 Spawning habitat for species such as walleye and lake whitefish that is no longer available in the 

reservoir or at Gull Rapids will be partially mitigated by the creation of spawning habitat created at 

nearby locations.  

 The number of fish entering Stephens Lake from upstream may be reduced compared to existing 

conditions due to the creation of the reservoir environment. A small proportion of the fish that do 

move downstream into Stephens Lake will be injured or killed by passage through the turbines or 

over the spillway. 

5.4.3.3 Summary of Residual Effects 

Walleye and lake whitefish in Stephens Lake are predicted to experience negative effects during 

construction, but effects will be neutral in the long-term. In the Keeyask reservoir, both species are 

expected to experience a small, positive (population increase) effect. No construction-related effects are 

predicted for northern pike, but this species will experience some short-term negative effects until 

appropriate habitat becomes established in the reservoir. Predicted effects are continuous (for the 

duration of the effect). Adverse effects during construction and the initial years of operation are 

reversible, as VECs are expected to recover over time. The ecological context is moderate, reflecting the 

importance of the top-level predators in the aquatic ecosystem (walleye and northern pike) and their 

sensitivity (lake whitefish).  

The technical scale fish assessment is based on an analysis of existing habitats and their post-Project 

condition, observation of scale fish in a proxy reservoir (i.e., Stephens Lake), and scientific literature that 

discusses their success in other reservoirs. These approaches provide moderate to high certainty 

regarding the prediction of adverse effects.  

5.4.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Keeyask Generation Project: Response to EIS Guidelines, 

Environmental Monitoring Plans are being developed as part of the Environmental Protection Program 

for the Project. The intent of the monitoring plans is to determine whether effects of the Project are as 

predicted and mitigation measures are functioning as intended. The monitoring plans will also provide for 

follow-up actions if effects are greater than predicted: the actions that would be taken depend on the 

nature and magnitude of the effect. The design of the monitoring plans will also consider uncertainties 

identified during the analysis and/or raised by the KCNs or during the regulatory review process. For 

example, the technical analysis predicts that effects to water quality will occur within the reservoir and 

downstream but that no effects will occur upstream in Split Lake; based on local knowledge, the KCNs 

have identified effects to Split Lake and therefore, Split Lake is being included in the monitoring 

program.  

An outline of monitoring planned for the mercury in fish tissue component of the aquatic environment is 

provided below. A detailed monitoring plan will be provided in the Aquatic Effects Monitoring Plan 

(AEMP). This document will provide a detailed description of the rationale, schedule, sampling locations 

and sampling methods for the technical monitoring that is proposed for the Project. This plan will be 

implemented in consultation with regulators, in particular DFO and Manitoba Conservation and Water 
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Stewardship, and it is expected that it will change based on regulatory review and on-going review of 

monitoring results. This monitoring plan will be implemented during the construction phase of the 

Project and will continue into the operations phase. Reports detailing the outcomes of monitoring 

programs will be prepared and submitted to regulators, to meet conditions of the Environment Act 

licence and other authorizations for the Project.  

Monitoring will be conducted during construction to provide information on fish responses (both 

behavioural and biological) to events such as blasting and sediment inputs. Information on the relative 

abundance and composition of the fish community within Split Lake, the reservoir and Stephens Lake, as 

well as indicators of fish health after full supply level (FSL) is reached, will be collected. To address 

concerns of the KCNs, the general health of all fish species in the reservoir will be monitored. 

Monitoring to determine the effectiveness of the mitigation and compensation measures will also be 

carried out. Monitoring of the fish community and mitigation/compensation measures will occur 

annually during the first three years after FLS is reached, and then every three to five years for the 

following 20–30 years, depending on results. For a more detailed description of monitoring planned for 

the fish community, please see the Aquatic Effects Monitoring Plan (AEMP). 

Additional monitoring is planned specifically for the VEC species within the fish community (walleye, 

northern pike and lake whitefish). Monitoring for spawning activity and larval fish at locations where 

these would be expected to occur post-Project will confirm that these species have adequate spawning 

habitat in the reservoir and downstream of the GS, and that constructed habitat is functioning as 

intended. This monitoring will occur at a minimum of every two years during construction and annually 

during the first three years after FSL is reached and then at a minimum of every five years for the 

following 20–30 years, depending on results. In order to determine whether or not fish passage methods 

need to be modified, movements of fish upstream and downstream of the GS will be monitored, their 

behaviour in the immediate vicinity of the GS will be observed, and the frequency at which fish pass 

through the turbines or spillway will be measured and their survival rates calculated. Fish movement 

studies will occur for the first five years after FSL is reaches, and further monitoring will depend on 

results and subsequent development of fish passage. For a more detailed description of monitoring 

planned for walleye, northern pike and lake whitefish, please see the AEMP. 
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Table 5-1: Fish species captured in the Keeyask study area (as indicated by an X), 1997–2008 

Cree Name Common Name Scientific Name Abbreviation 
Split 
Lake 

Area 

Keeyask 
Area 

Stephens 
Lake 

Area 

 Blacknose shiner Notropis heterolepis BLSH  X  

 Brook stickleback Culaea inconstans BRST X X  

mineye Burbot (maria) Lota lota BURB X X X 

 Common carp (carp) Cyprinus carpio CMCR X X X 

atoonapis Cisco (tullibee) Coregonus artedi CISC X X X 

 Emerald shiner Notropis atherinoides EMSH X X X 

 Fathead minnow Pimephales promelas FTMN  X  

 Finescale dace Chrosomus neogaeus FNDC  X  

pesimo kinoosayo Freshwater drum Aplodinotus grunniens FRDR X X X 

wepicheesis Goldeye Hiodon alosoides GOLD X X  

 Iowa darter Etheostoma exile IWDR X X  

 Johnny darter Etheostoma nigrum JHDR X X  

 Lake chub Couesius plumbeus LKCH X X X 

namayo Lake sturgeon (sturgeon) Acipenser fulvescens LKST X X X 

atikameg Lake whitefish (whitefish) Coregonus clupeaformis LKWH X X X 

 Logperch Percina caprodes LGPR X X  

 Longnose dace Rhinichthys cataractae LNDC X X X 

mikwa namaypin Longnose sucker (red sucker) Catostomus catostomus LNSC X X X 

wepicheesis Mooneye Hiodon tergisus MOON X X X 

 Mottled sculpin Cottus bairdii MTSC  X  

 Ninespine stickleback Pungitius pungitius NNST X X X 

 Northern pearl dace Margariscus nachtriebi PRDC  X  

unchwapayo Northern pike (jackfish) Esox lucius NRPK X X X 

 Northern redbelly dace Chrosomus eos NRDC  X  
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Table 5-1: Fish species captured in the Keeyask study area (as indicated by an X), 1997–2008 

Cree Name Common Name Scientific Name Abbreviation 
Split 
Lake 

Area 

Keeyask 
Area 

Stephens 
Lake 

Area 

wekopaysakun kinoosayo Rainbow smelt (smelt) Osmerus mordax RNSM X X X 

 River darter Percina shumardi RVDR  X  

sagiganayso Sauger Sander canadensis SAUG X X X 

ooskanaso Shorthead redhorse Moxostoma macrolepidotum SHRD X X X 

 Silver lamprey Ichthyomyzon unicuspis SLLM X X X 

 Slimy sculpin Cottus cognatus SLSC X X X 

 Spoonhead sculpin Cottus ricei SPSC  X  

 Spottail shiner Notropis hudsonius SPSH X X X 

 Trout-perch Percopsis omiscomaycus TRPR X X X 

okaow Walleye (pickerel) Sander vitreus WALL X X X 

 Western blacknose dace Rhinichthys obtusus WBDC  X  

namaypin White sucker (mullet) Catostomus commersonii WHSC X X X 

  Yellow perch (perch) Perca flavescens YLPR X X X 
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Table 5-2: Comparison of mean catch-per-unit effort (CPUE; number of fish per 100 m 

of net per 24 hours) for large-bodied VEC species and total catch for 

selected northern Manitoba waterbodies 

Waterbody 
Study 
Year 

Lake 
Whitefish 

Northern 
Pike 

Walleye 
Total 
Catch 

Study Area      

Split Lake 1997–2002 1.9 6.0 9.9 35.0 

Clark Lake 1997–2004 1.4 9.6 6.2 31.8 

Assean Lake 2001–2002 10.3 7.9 26.9 57.7 

Nelson River 2001–2002 0.7 9.4 3.1 19.7 

Gull Lake 2001–2002 1.8 8.7 6.3 24.8 

Stephens Lake 2002–2003 1.8 7.9 7.9 23.5 

Other      

Limestone Lake1 2004 21.1 9.4 0.0 81.2 

Myre Lake1 2004 27.1 3.1 0.0 33.1 

Pelletier Lake1 2004 22.4 8.5 57.7 107.6 

Recluse Lake1 2004 15.3 6.3 20.3 47.9 

Wasakaiowaka Lake1 2004 18.5 21.9 45.1 104.9 

Maskwapin Lake1 2004 0.0 8.3 0.0 27.0 

Caldwell Lake1 2005 23.5 12.0 12.7 62.3 

Christie Lake1 2005 21.4 11.5 10.0 62.7 

Thomas Lake1 2005 33.0 11.6 18.6 73.9 

Kiask Lake1 2005 23.0 6.1 0.2 50.6 

Atkinson Lake1 2004–2006 0.4 13.7 19.3 40.9 

Cyril Lake1 2004–2006 14.1 9.8 0.7 31.4 

War Lake1 2004–2006 2.6 8.9 5.4 21.2 

Notigi Lake2 1999–2001 1.0 3.9 3.5 18.4 

Leftrook Lake3 1999–2001 10.6 14.3 40.6 112.8 

Wuskwatim Lake4 1998–2002 4.1 4.4 11.4 68.1 

Cross Lake5: east basin 1992–2006 1.9 16.0 14.7 54.7 

                  west basin 1992–2006 1.1 10.3 10.9 50.1 

Limestone reservoir6 1992–2003 0.8 1.9 2.1 17.9 

Churchill River7: pre-weir 1995–1996 1.8 4.0 0.0 9.3 

                       post-weir 1999–2006 2.1 2.6 0.4 6.5 

Rat River8 2004 0.9 4.9 19.4 43.2 

Burntwood River9 2001–2002 2.1 4.8 12.1 34.3 

Lower Nelson River10 2003 5.4 2.9 4.6 31.9 

1. MacDonald (2007). 6. After Johnson et al. (2004). 

2. After Mota and Fazakas (2000) and Caskey and Mota (2003). 7. After Pisiak and Bernhardt (2007). 

3. After Fazakas (2000) and MacDonald (2003). 8. Mota (2005). 

4. After Manitoba Hydro and NCN (2003) and Kroeker and Mota (2003). 9. Manitoba Hydro and NCN (2003). 

5. After Richardson and MacDonell (2007). 10. After Johnson and MacDonell (2004). 
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Table 5-3: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; number of fish/100 m of net/24 hours), by waterbody, of fish captured in standard gang index gill nets set in the Split 

Lake area during the summer 1997–2004 

Species 

Clark Lake 

1997 (n = 2)1 1998 (n = 2) 2001 (n = 2) 2002 (n = 2) 2004 (n = 2 3) Combined 

n RA CPUE n RA CPUE n RA CPUE n RA CPUE n RA CPUE n RA CPUE4 

Burbot 1 0.2 na2 - - - - - - - - - - - - 1 0.1 na 

Cisco 18 4.0 2.4 3 1.3 0.3 - - - - - - 2 2.2 0.4 23 2.0 0.6 

Freshwater drum - - - - - - - - - - - - - - - - - - 

Goldeye - - - - - - - - - - - - - - - - - - 

Lake chub 1 0.2 na - - - - - - - - - - - - 1 0.1 na 

Lake sturgeon - - - - - - - - - - - - - - - - - - 

Lake whitefish 28 6.3 3.6 3 1.3 0.4 2 0.9 0.3 15 9.6 2.9 - - - 48 4.1 1.4 

Longnose sucker 1 0.2 na - - - - - - - - - - - - 1 0.1 na 

Mooneye 180 40.4 23.3 18 7.7 2.1 4 1.7 0.3 10 6.4 1.9 - - - 212 18.3 5.3 

Northern pike 77 17.3 9.9 55 23.4 6.8 86 37.2 8.9 64 40.8 12.2 55 59.8 10.4 337 29.0 9.6 

Rainbow smelt - - - 2 0.9 na 1 0.4 0.1 2 1.3 0.4 1 1.1 0.2 6 0.5 na 

Sauger 29 6.5 3.7 4 1.7 0.5 11 4.8 1.4 6 3.8 1.1 1 1.1 0.2 51 4.4 1.4 

Shorthead redhorse 1 0.2 na 2 0.9 na - - - - - - - - - 3 0.3 na 

Trout-perch - - - - - - - - - - - - - - - - - - 

Walleye 45 10.1 5.7 60 25.5 7.5 75 32.5 9.0 20 12.7 3.8 25 27.2 4.8 225 19.4 6.2 

White sucker 46 10.3 5.9 50 21.3 6.1 27 11.7 3.2 37 23.6 7.0 6 6.5 1.2 166 14.3 4.7 

Yellow perch 19 4.3 na 38 16.2 na 25 10.8 2.8 3 1.9 0.6 2 2.2 0.4 87 7.5 na 

Total 446 100 57.0 235 100 28.8 231 100 26.0 157 100 29.9 92 100 17.6 1161 100 31.8 

Species 

Split Lake Assean Lake 

1997 (n = 15) 1998 (n =14) 2001 (n =14) 2002 (n = 14) Combined 2001 (n = 11) 2002 (n = 11) Combined 

n RA CPUE n RA CPUE n RA CPUE n RA CPUE n RA CPUE n RA CPUE n RA CPUE n RA CPUE 

Burbot 17 0.8 na 36 2.2 na 22 1.4 0.4 35 2.9 1.0 110 1.7 na 1 0.1 <0.1 3 0.2 0.1 4 0.1 0.1 

Cisco 132 6.2 2.2 96 5.8 1.7 7 0.4 0.1 14 1.2 0.4 249 3.8 1.1 126 7.8 5.0 36 2.6 1.4 162 5.4 3.2 

Freshwater drum - - - 2 0.1 na 2 0.1 <0.1 1 0.1 <0.1 5 0.1 na - - - - - - - - - 

Goldeye - - - - - - - - - 1 0.1 <0.1 1 0.0 <0.1 - - - - - - - - - 

Lake chub 8 0.4 na 4 0.2 na 12 0.7 0.3 7 0.6 0.2 31 0.5 na - - - 1 0.1 <0.1 1 0.0 <0.1 

Lake sturgeon 2 0.1 na - - - - - - 2 0.2 0.1 4 0.1 na - - - - - - - - - 

Lake whitefish 130 6.1 2.4 77 4.6 1.5 63 3.9 1.5 70 5.8 2.1 340 5.1 1.9 308 19.0 11.8 239 17.0 8.7 547 18.1 10.3 

Longnose sucker 24 1.1 na 28 1.7 na 3 0.2 0.1 24 2.0 0.7 79 1.2 na - - - - - - - - - 

Mooneye 254 11.9 5.5 164 9.9 2.9 27 1.7 0.6 55 4.6 1.6 500 7.5 2.7 - - - - - - - - - 

Northern pike 333 15.6 6.3 275 16.6 4.9 252 15.5 5.4 275 22.9 7.5 1135 17.1 6.0 235 14.5 8.9 195 13.8 6.9 430 14.2 7.9 

Rainbow smelt 5 0.2 na 16 1.0 na 26 1.6 0.7 11 0.9 0.3 58 0.9 na - - - - - - - - - 

Sauger 405 18.9 7.0 257 15.5 5.0 213 13.1 4.6 233 19.4 6.6 1108 16.7 5.8 - - - - - - - - - 

Shorthead redhorse 5 0.2 na 4 0.2 na 5 0.3 0.1 4 0.3 0.1 18 0.3 na - - - - - - - - - 

Trout-perch 2 0.1 na - - - - - - 2 0.2 0.1 4 0.1 na - - - - - - - - - 

Walleye 505 23.6 9.1 470 28.3 8.4 693 42.6 16.0 227 18.9 6.2 1895 28.6 9.9 657 40.6 25.4 738 52.4 28.5 1395 46.1 26.9 

White sucker 274 12.8 4.8 178 10.7 3.2 243 15.0 5.1 209 17.4 6.0 904 13.6 4.8 194 12.0 7.6 124 8.8 4.7 318 10.5 6.1 

Yellow perch 43 2.0 na 54 3.3 na 57 3.5 1.3 32 2.7 0.8 186 2.8 na 99 6.1 3.8 72 5.1 2.6 171 5.6 3.2 

Total 2139 100 39.7 1661 100 30.2 1625 100 36.1 1202 100 33.7 6627 100 35.0 1620 100 62.5 1408 100 52.9 3028 100 57.7 

1. The number in parentheses represents the number of sites fished in a given year. 3. Includes sites that were fished in previous years. 

2. na = individual species values were not available; therefore a mean could not be calculated. 4. The overall mean CPUE was calculated by averaging the mean value at each site across years. 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-79 

Table 5-4: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; number of fish/30 m of net/24 hours), by waterbody, of small-bodied fish captured in bottom-set small mesh index gill 

nets set in the Split Lake Area during the summer 2001–2004 

Species 

Clark Lake 

2001 (n =2)1 2002 (n = 2) 2004 (n = 2 2) Combined 

n RA CPUE n RA CPUE n RA CPUE n RA CPUE3 

Emerald shiner - - - 2 1.2 0.5 6 6.4 1.6 8 2.8 0.7 

Lake chub 1 4.8 0.3 - - - 3 3.2 0.8 4 1.4 0.4 

Logperch - - - - - - - - - - - - 

Rainbow smelt 4 19.0 1.1 6 3.5 1.6 29 14.9 8.0 39 13.6 3.6 

Slimy sculpin - - - - - - - - - - - - 

Spottail shiner 11 52.4 2.9 64 37.4 17.0 41 43.6 9.9 116 40.6 10.0 

Trout-perch 5 23.8 1.3 99 57.9 26.2 15 16.0 4.1 119 41.6 10.5 

Total  21 100.0 5.6 171 100.0 45.4 94 84.1 24.3 286 100.0 25.1 

Species 

Split Lake    

2001 (n = 14) 2002 (n = 14) Combined    

n RA CPUE n RA CPUE n RA CPUE    

Emerald shiner 16 2.8 0.6 90 6.0 3.5 106 5.2 2.0    

Lake chub 8 1.4 0.3 31 2.1 1.2 39 1.9 0.7    

Logperch - - - - - - - - -    

Rainbow smelt 223 39.4 8.3 205 13.8 7.8 428 20.8 8.0    

Slimy sculpin - - - - - - - - -    

Spottail shiner 161 28.4 6.2 653 43.8 25.2 814 39.6 15.6    

Trout-perch 158 27.9 6.2 511 34.3 19.5 669 32.5 12.6    

Total 566 100.0 23.9 1490 100.0 57.2 2056 100.0 38.8    

Species 

Assean Lake    

2001 (n = 7) 2002 (n = 7) Combined    

n RA CPUE n RA CPUE n RA CPUE    

Emerald shiner 714 49.9 57.7 201 24.6 17.0 915 40.7 43.2    

Lake chub - - - - - - - - -    

Logperch - - - - - - - - -    

Rainbow smelt - - - - - - - - -    

Slimy sculpin 2 0.1 0.6 - - - 2 0.1 0.3    

Spottail shiner 627 43.8 60.5 551 67.4 43.1 1178 52.4 51.8    

Trout-perch 88 6.1 7.2 66 8.1 4.8 154 6.8 6.0    

Total 1431 100.0 117.4 818 100.0 74.8 2249 100.0 89.1    

1. The number in parentheses represents the number of sites fished in a given year. 

2. Includes sites that were fished in previous years. 

3. The overall mean CPUE was calculated by averaging the mean value at each site across years. 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-80 

Table 5-5: Mean catch-per-unit-effort (CPUE), by general habitat category, of the total catch and of VEC species in 

bottom-set index gill nets set in Split, Clark and Assean lakes during summer, 1997–2004 

General Habitat 
Category1 

Standard Gang Index Gill Nets2 Small Mesh Index Gill Nets3 

Sets Lake Whitefish Northern Pike Walleye Total Catch Sets Forage Fish 

Split/Clark lakes        

Nearshore lacustrine 28 1.9 8.4 6.5 33.0 12 27.6 

Offshore lacustrine 56 3.0 5.2 12.9 39.8 26 37.5 

Assean Lake        

East basin 6 8.6 7.7 17.0 46.3 2 55.3 

West basin  12 13.1 8.4 17.8 49.4 10 99.8 

Channel 4 4.4 6.8 69.2 99.6 2 83.7 

1. General habitat categories are described in Table 5B-2. 

2. CPUE = number of fish/100 m of net/24 hours. 

3. CPUE = number of fish/30 m of net/24 hours. 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-81 

Table 5-6: Comparison of the number (n), relative abundance (RA; %), and mean catch-per-unit-effort (CPUE; number 

of fish/30 m of net/24 hours) of forage fish captured in surface-set and bottom-set small mesh index gill nets 

set in the Split Lake area during summer, 2001–2004 

Species 

Clark Lake (n = 1)1 Split Lake (n = 7) 

Surface-Set Bottom-Set Surface-Set Bottom-Set 

n RA CPUE n RA CPUE n RA CPUE n RA CPUE 

Emerald shiner 53 38.4 10.8 2 2.1 0.4 189 30.0 11.1 51 5.1 2.0 

Lake chub 3 2.2 0.9 3 3.2 0.5 24 3.8 1.2 24 2.4 1.0 

Logperch - - - - - - - - - - - - 

Rainbow smelt 31 22.5 5.3 30 31.6 5.4 185 29.4 9.7 136 13.7 5.7 

Slimy sculpin - - - - - - - - - - - - 

Spottail shiner 51 37.0 9.3 15 15.8 2.6 183 29.0 10.3 492 49.4 20.5 

Trout-perch - - - 45 47.4 7.8 49 7.8 2.8 292 29.3 12.1 

Total  138 100.0 32.7 95 100.0 27.3 630 100.0 34.6 995 100.0 44.1 

Species 

Assean Lake (n =2)       

Surface-Set Bottom-Set       

n RA CPUE n RA CPUE       

Emerald shiner 660 89.1 91.9 65 12.7 9.1       

Lake chub - - - - - -       

Logperch - - - - - -       

Rainbow smelt - - - - - -       

Slimy sculpin - - - 1 0.2 0.6       

Spottail shiner 81 10.9 10.8 377 73.8 52.0       

Trout-perch - - - 68 13.3 9.2       

Total  741 100.0 101.4 511 100.0 66.3       

1. The number in parentheses represents the number of sites fished in a given year; only sites fished with both bottom- and surface-sets were included in the analysis. 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-82 

Table 5-7: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; number of fish/100 m of net/24 

hours), by waterbody, of fish captured in standard gang index gill nets set in the Keeyask area during fall 

1999 and summer 2001–2003 

Species 

Gull Lake 

1999 (n = 12)1 2001 (n = 16) 2002 (n = 16) Combined2 

n RA CPUE n RA CPUE n RA CPUE n RA CPUE3 

Burbot 3 0.4 0.1 2 0.2 0.1 3 0.3 0.1 5 0.3 0.1 

Cisco 4 0.5 0.1 3 0.3 0.1 3 0.3 0.1 6 0.3 0.1 

Lake chub - - - 2 0.2 0.1 1 0.1 <0.1 3 0.2 <0.1 

Lake sturgeon 2 0.2 0.7 1 0.1 <0.1 1 0.1 <0.1 2 0.1 <0.1 

Lake whitefish 40 4.8 1.4 90 8.9 2.4 46 5.2 1.2 136 7.2 1.8 

Longnose sucker - - - 4 0.4 0.1 6 0.7 0.2 10 0.5 0.1 

Mooneye 2 0.2 0.1 53 5.2 1.5 52 5.9 1.3 105 5.5 1.4 

Northern pike 503 61.0 17.1 308 30.5 8.1 368 41.5 9.4 676 35.7 8.7 

Rainbow smelt 3 0.4 0.1 10 1.0 0.3 27 3.0 0.7 37 2.0 0.5 

Sauger 2 0.2 0.1 29 2.9 0.8 18 2.0 0.5 47 2.5 0.6 

Shorthead redhorse 1 0.1 <0.1 - - - 1 0.1 <0.1 1 0.1 <0.1 

Walleye 115 13.9 3.8 284 28.1 7.5 193 21.8 5.0 477 25.2 6.3 

White sucker 134 16.2 4.3 115 11.4 3.1 133 15.0 3.4 248 13.1 3.3 

Yellow perch 16 1.9 0.5 109 10.8 2.9 34 3.8 0.9 143 7.5 1.9 

Total 825 100.0 27.7 1010 100.0 26.9 886 100.0 22.7 1896 100.0 24.8 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-83 

Table 5-7: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; number of fish/100 m of net/24 

hours), by waterbody, of fish captured in standard gang index gill nets set in the Keeyask area during fall 

1999 and summer 2001–2003 

Species 

Nelson River between Clark Lake and Gull Lake 

1999 (n = 4) 2001 (n = 8) 2002 (n = 8) Combined2 

n RA CPUE n RA CPUE n RA CPUE n RA CPUE 

Burbot 3 2.2 0.3 - - - 2 0.5 0.1 2 0.3 <0.1 

Cisco - - - 4 1.1 0.2 1 0.2 0.1 5 0.6 0.1 

Lake chub 1 0.7 0.1 - - - 3 0.7 0.2 3 0.4 0.1 

Lake sturgeon - - - - - - - - - - - - 

Lake whitefish 4 2.9 0.4 13 3.6 0.7 15 3.6 0.8 28 3.6 0.7 

Longnose sucker 3 2.2 0.3 4 1.1 0.2 6 1.4 0.3 10 1.3 0.2 

Mooneye 1 0.7 0.1 10 2.8 0.5 3 0.7 0.1 13 1.7 0.3 

Northern pike 78 56.9 8.2 138 38.5 6.7 237 56.2 12.1 375 48.1 9.4 

Rainbow smelt - - - 4 1.1 0.2 5 1.2 0.1 9 1.2 0.2 

Sauger 2 1.5 0.2 1 0.3 0.1 2 0.5 0.1 3 0.4 0.1 

Shorthead redhorse - - - 5 1.4 0.2 3 0.7 0.2 8 1.0 0.2 

Walleye 26 19.0 2.8 76 21.2 3.7 49 11.6 2.5 125 16.0 3.1 

White sucker 16 11.7 1.7 36 10.1 1.7 43 10.2 2.2 79 10.1 2.0 

Yellow perch 3 2.2 0.3 67 18.7 3.6 53 12.6 2.8 120 15.4 3.2 

Total 137 100.0 14.5 358 100.0 17.9 422 100.0 21.5 780 100.0 19.7 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-84 

Table 5-7: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; number of fish/100 m of net/24 

hours), by waterbody, of fish captured in standard gang index gill nets set in the Keeyask area during fall 

1999 and summer 2001–2003 

Species 
Gull Rapids 

2002 (n = 3) 2003 (n = 3) Combined 

n RA CPUE n RA CPUE n RA CPUE 

Burbot 3 2.1 0.4 4 2.2 0.6 7 2.1 0.5 

Cisco - - - 1 0.5 0.1 1 0.3 0.1 

Lake whitefish - - - - - - - - - 

Longnose sucker 2 1.4 0.2 11 6.0 1.6 13 4.0 0.9 

Mooneye 2 1.4 0.3 23 12.6 3.2 25 7.6 1.7 

Northern pike 18 12.4 2.5 21 11.5 2.9 39 11.9 2.7 

Rainbow smelt 7 4.8 1.0 - - - 7 2.1 0.5 

Sauger 49 33.8 6.8 58 31.9 8.3 107 32.7 7.5 

Walleye 48 33.1 6.2 47 25.8 6.6 95 29.1 6.4 

White sucker 16 11.0 2.2 17 9.3 2.4 33 10.1 2.3 

Total 145 100.0 19.5 182 100.0 25.6 327 100.0 22.6 

1. The number in parentheses represents the number of sites fished in a given year. 

2. Does not include data from 1999 because it was conducted during the fall instead of summer. 

3. The overall mean CPUE was calculated by averaging the mean value at each site across years . 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-85 

Table 5-8: Mean catch-per-unit-effort (CPUE) of the total catch and of VEC species, by general habitat category, in index 

gill nets set in the Nelson River between Clark Lake and Gull Rapids and below Gull Rapids during the summer 

from 2001–2003 

General Habitat 
Category1 

Standard Gang Index Gill Nets2 Small Mesh Index Gill Nets3 

Sets Lake Whitefish Northern Pike Walleye Total Catch Sets Forage Fish 

Nelson River between Clark Lake and Gull Rapids     

Backbays 16 2.0 13.2 4.4 28.7 10 104.3 

Nearshore lacustrine 8 1.0 11.4 7.0 25.8 6 37.1 

Offshore lacustrine 12 1.9 4.7 6.7 22.9 10 72.8 

Riverine 12 0.5 5.9 3.7 13.8 6 9.3 

Below Gull Rapids        

Riverine 6 - 2.7 6.4 22.6 5 26.3 

1. General habitat categories are described in Table 5B-2. 

2. CPUE = number of fish/100 m of net/24 hours. 

3. CPUE = number of fish/30 m of net/24 hours. 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-86 

Table 5-9: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; 

number of fish/30 m of net/24 hours), by waterbody, of small-bodied fish 

captured in bottom-set small mesh index gill nets set in the Keeyask area 

during summer, 2001–2003 

Species 

Gull Lake 

2001 (n = 12)1 2002 (n = 12) Combined 

n RA CPUE n RA CPUE n RA CPUE2 

Emerald shiner 7 0.4 0.4 18 1.3 0.8 25 0.8 0.6 

Lake chub 1 0.1 <0.1 1 0.1 <0.1 2 0.1 0.0 

Rainbow smelt 451 28.4 20.8 371 26.6 17.0 822 27.5 19.3 

Slimy sculpin - - - 1 0.1 <0.1 - - - 

Spottail shiner 850 53.6 40.9 443 31.7 20.3 1293 43.3 30.6 

Trout-perch 278 17.5 13.5 563 40.3 26.4 841 28.2 20.0 

Total 1587 100.0 75.6 1397 100.0 64.9 2984 100.0 70.4 

Species 

Nelson River between Clark Lake and Gull Lake 

2001 (n = 4) 2002 (n = 4) Combined 

n RA CPUE n RA CPUE n RA CPUE 

Emerald shiner 20 3.7 2.9 1 1.5 0.1 21 3.5 1.5 

Lake chub - - - 1 1.5 0.1 1 0.2 0.1 

Rainbow smelt 241 44.5 36.7 24 35.8 3.4 265 43.6 20.0 

Slimy sculpin - - - - - - - - - 

Spottail shiner 250 46.2 38.1 2 3.0 0.3 252 41.4 19.2 

Trout-perch 30 5.5 4.3 39 58.2 5.6 69 11.3 5.0 

Total 541 100.0 82.1 67 100.0 9.6 608 100.0 45.8 

Species 

Gull Rapids 

2002 (n = 2) 2003 (n = 3) Combined 

n RA CPUE n RA CPUE n RA CPUE 

Emerald shiner 66 53.2 19.6 18 18.8 3.9 84 38.2 10.2 

Lake chub - - - - - - - - - 

Rainbow smelt 15 12.1 4.4 7 7.3 1.4 22 10.0 2.6 

Slimy sculpin 2 1.6 0.3 - - - 2 0.9 0.1 

Spottail shiner 23 18.5 6.8 21 21.9 4.5 44 20.0 5.4 

Trout-perch 18 14.5 4.7 50 52.1 10.1 68 30.9 8.0 

Total 124 100.0 35.9 96 100.0 19.9 220 100.0 26.3 

1. The number in parentheses represents the number of sites fished in a given year. 

2. The overall mean CPUE was calculated by averaging the mean value at each site across years. 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-87 

Table 5-10: Comparison of the number (n), relative abundance (RA; %), and mean 

catch-per-unit-effort (CPUE; # fish/30 m of net/24 hours) of forage fish 

captured in surface-set and bottom-set small mesh index gill nets set in 

the Nelson River between Clark Lake and Gull Rapids during summer, 

2001–2002 

Species 
Surface-Sets (n = 13)1 Bottom-Sets (n = 13) 

n RA CPUE n RA CPUE 

Emerald shiner 1182 41.0 44.7 11 0.8 0.5 

Lake chub 1 <0.1 <0.1 1 0.1 <0.1 

Rainbow smelt 1437 49.8 54.2 322 23.8 13.6 

Slimy sculpin - - - - - - 

Spottail shiner 221 7.7 9.2 621 45.9 26.4 

Trout-perch 45 1.6 1.9 397 29.4 16.9 

Total 2886 100.0 110.0 1352 100.0 57.3 
1. The number in parentheses represents the number of sites fished in a given year; only sites fished with both bottom- and 

surface-sets were included in the analysis. 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-88 

Table 5-11: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; number of fish/10 m haul), by 

waterbody, of small-bodied fish captured in seine hauls conducted in the Keeyask Area during summer, 

2001–2003 

Species 
Gull Lake 

2001 (n = 7)1 2002 (n = 11) 2003 (n = 19) Combined 

n RA CPUE n RA CPUE n RA CPUE n RA CPUE2 

Brook stickleback 2 0.1 <0.1 1 <0.1 <0.1 - - - 3 <0.1 <0.1 

Emerald shiner 32 1.0 0.6 361 4.9 3.7 10465 64.1 56.1 10858 40.2 30.0 

Fathead minnow - - - 2 <0.1 <0.1 - - - 2 <0.1 <0.1 

Finescale dace - - - - - - - - - - - - 

Iowa darter - - - 22 0.3 0.2 26 0.2 0.3 48 0.2 0.2 

Johnny darter 60 1.8 1.0 660 9.0 6.8 746 4.6 6.2 1466 5.4 5.4 

Lake chub - - - 18 0.2 0.2 5 <0.1 <0.1 23 0.1 0.1 

Logperch - - - 3 <0.1 <0.1 4 <0.1 <0.1 7 <0.1 <0.1 

Longnose dace 28 0.8 0.8 133 1.8 1.3 1757 10.8 11.5 1918 7.1 6.3 

Mottled sculpin - - - 3 <0.1 <0.1 12 0.1 0.1 15 0.1 <0.1 

Ninespine stickleback 54 1.6 1.3 64 0.9 0.7 25 0.2 0.1 143 0.5 0.3 

Pearl dace - - - 7 0.1 <0.1 1 <0.1 <0.1 8 <0.1 <0.1 

Rainbow smelt 2285 68.5 35.9 2617 35.5 23.3 265 1.6 2.4 5167 19.1 15.0 

River darter - - - 3 <0.1 <0.1 - - - 3 <0.1 <0.1 

Slimy sculpin 4 0.1 0.1 81 1.1 0.9 10 0.1 0.1 95 0.4 0.3 

Spottail shiner 551 16.5 10.2 2110 28.6 19.2 2229 13.7 24.1 4890 18.1 20.0 

Trout-perch 321 9.6 5.0 1287 17.5 12.1 769 4.7 5.2 2377 8.8 7.2 

Western blacknose dace - - - - - - - - - - - - 

Total 3337 100.0 54.9 7372 100.0 68.1 16314 100.0 106.1 27023 100.0 105.1 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-89 

Table 5-11: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; number of fish/10 m haul), by 

waterbody, of small-bodied fish captured in seine hauls conducted in the Keeyask Area during summer, 

2001–2003 

Species 
Nelson River between Clark Lake and Gull Lake 

2001 (n = 3)1 2002 (n = 5) 2003 (n = 7) Combined 

n RA CPUE n RA CPUE n RA CPUE n RA CPUE2 

Brook stickleback - - - 4 0.1 0.6 7 0.1 0.6 11 0.1 0.5 

Emerald shiner 20 16.1 1.3 705 15.9 17.0 9201 75.9 252.6 9926 59.5 123.8 

Fathead minnow - - - 2 <0.1 <0.1 - - - 2 <0.1 <0.1 

Finescale dace - - - - - - 1 <0.1 <0.1 1 <0.1 <0.1 

Iowa darter - - - 5 0.1 0.1 94 0.8 3.7 99 0.6 1.8 

Johnny darter 5 4.0 0.4 852 19.2 44.3 756 6.2 38.5 1613 9.7 32.8 

Lake chub - - - 53 1.2 3.5 17 0.1 0.4 70 0.4 1.4 

Logperch - - - 26 0.6 3.8 10 0.1 0.2 36 0.2 1.4 

Longnose dace 2 1.6 0.2 263 5.9 17.0 1487 12.3 97.3 1752 10.5 51.1 

Mottled sculpin - - - 13 0.3 0.4 7 0.1 0.2 20 0.1 1.4 

Ninespine stickleback 29 23.4 2.0 16 0.4 0.9 10 0.1 0.4 55 0.3 0.9 

Pearl dace - - - 5 0.1 <0.1 5 <0.1 <0.1 10 0.1 <0.1 

Rainbow smelt 40 32.3 2.9 812 18.3 22.1 21 0.2 0.5 873 5.2 8.2 

River darter - - - 5 0.1 <0.1 - - - 5 <0.1 <0.1 

Slimy sculpin - - - 80 1.8 3.1 31 0.3 0.7 111 0.7 1.3 

Spottail shiner 15 12.1 1.1 1501 33.9 49.4 429 3.5 12.8 1945 11.7 22.7 

Trout-perch 13 10.5 1.1 82 1.9 2.1 41 0.3 0.8 136 0.8 1.3 

Western blacknose dace - - - 4 0.1 - - - - 4 <0.1 <0.1 

Total 124 100.0 9.0 4428 100.0 166.3 12117 100.0 408.9 16669 100.0 307.8 

1. The number in parentheses represents the number of sites fished in a given year. 

2. The overall mean CPUE was calculated by averaging the mean value at each site across years. 
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Table 5-12: Mean catch-per-unit-effort (number of fish/10 m of shoreline) of the total 

forage fish catch, rainbow smelt, and young-of-the-year VEC species, by 

general habitat category, in seine hauls conducted in the Nelson River 

between Birthday Rapids and Gull Rapids during summer, 2001–2003 

General Habitat 

Category1 
Sets Forage Fish 

Young-of-the-Year 

Walleye Northern Pike Lake Whitefish 

Backbays 15 207.0 0.1 0.2 0.4 

Nearshore lacustrine 26 81.9 0.3 0.4 0.4 

Riverine 11 148.8 0.6 0.4 0.1 

1. General habitat categories are described in Table 5B-2.   
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Table 5-13: Number (n), relative abundance (RA;%), and catch-per-unit-effort (CPUE; number of fish/100 m of net/24 

hours) of fish captured in standard gang index gill nets set in the Stephens Lake area during summer, 2002–

2003 

Species 

Stephens Lake 

2002 (n = 32)1 2003 (n = 33) Combined 

n RA CPUE n RA CPUE n RA CPUE2 

Burbot 1 0.1 <0.1 6 0.3 0.1 7 0.2 <0.1 

Cisco 26 1.6 0.4 26 1.3 0.3 52 1.4 0.4 

Lake chub - - - 3 0.1 <0.1 3 0.1 <0.1 

Lake sturgeon - - - 1 <0.1 <0.1 1 <0.1 <0.1 

Lake whitefish 147 8.9 2.0 142 6.9 1.7 289 7.8 1.8 

Longnose sucker - - - 19 0.9 0.2 19 0.5 0.1 

Mooneye 27 1.6 0.4 155 7.5 1.9 182 4.9 1.2 

Northern pike 511 31.1 6.8 733 35.7 9.0 1244 33.6 7.9 

Rainbow smelt 36 2.2 0.4 18 0.9 0.2 54 1.5 0.3 

Sauger 78 4.7 1.2 173 8.4 2.1 251 6.8 1.6 

Trout-perch - - - 1 <0.1 <0.1 1 <0.1 <0.1 

Walleye 658 40.0 8.6 581 28.3 7.1 1239 33.5 7.9 

White sucker 141 8.6 2.0 176 8.6 2.1 317 8.6 2.0 

Yellow perch 19 1.2 0.2 20 1.0 0.2 39 1.1 0.2 

Total 1644 100 22.0 2054 100 25.1 3698 100 23.5 

1. The number in parentheses represents the number of sites fished in a given year. 

2. The overall mean CPUE was calculated by averaging the mean value at each site across years. 
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Table 5-14: Mean catch-per-unit-effort (CPUE) of the total catch and of VEC species, by general habitat category, in index 

gill nets set in Stephens Lake during summer, 1999–2003 

General Habitat Category1 

Standard Gang Index Gill Nets2 Small Mesh Index Gill Nets3 

Sets Lake Whitefish Northern Pike Walleye Total Catch Sets Forage Fish 

Nearshore north arm 15 2.5 13.3 12.6 31.6 9 27.7 

Offshore north arm 17 4.5 9.3 12.7 33.5 6 47.8 

Nearshore old Nelson channel 17 0.1 7.1 4.0 16.3 14 43.3 

Offshore old Nelson channel 26 0.3 1.7 2.0 12.1 2 14.1 

1. General habitat categories are described in Table 5B-2. 

2. CPUE = number of fish/100 m of net/24 hours. 

3. CPUE = number of fish/30 m of net/24 hours. 
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Table 5-15: Number (n), relative abundance (RA; %), and catch-per-unit-effort (CPUE; 

number of fish/30 m of net/24 hours) of small-bodied fish captured in 

bottom-set small mesh index gill nets set in Stephens Lake during the 

summer 2002–2003  

Species 

Stephens Lake 

2002 (n = 15)1 2003 (n = 16) Combined 

n RA CPUE n RA CPUE n RA CPUE2 

Emerald shiner 47 4.9 2.9 74 7.6 2.5 121 6.2 2.7 

Lake chub - - - 1 0.1 <0.1 1 0.1 <0.1 

Longnose dace - - - - - - - - - 

Rainbow smelt 115 12.0 4.6 67 6.8 2.3 182 9.4 3.4 

Slimy sculpin 3 0.3 0.2 1 0.1 <0.1 4 0.2 0.1 

Spottail shiner 563 58.7 24.0 676 69.1 22.8 1239 63.9 23.4 

Trout-perch 231 24.1 11.0 160 16.3 5.5 391 20.2 8.2 

Total 959 100.0 42.8 979 100.0 33.0 1938 100.0 37.7 

1. The number in parentheses represents the number of sites fished in a given year. 

2. The overall mean CPUE was calculated by averaging the mean value at each site across years. 

 

Table 5-16: Comparison of the number (n), relative abundance (RA; %), and mean 

catch-per-unit-effort (CPUE; number of fish/30 m of net/24 hours) of 

forage fish captured in surface-set and bottom-set small mesh index gill 

nets set in Stephens Lake during summer 2003 

Species 
Surface-Sets (n = 3)1 Bottom-Sets (n =3) 

n RA CPUE n RA CPUE 

Emerald shiner 223 44.7 41.4 2 1.5 0.4 

Lake chub - - - - - - 

Longnose dace 1 0.2 0.2 - - - 

Rainbow smelt 20 4.0 3.7 20 14.6 3.6 

Slimy sculpin - - - - - - 

Spottail shiner 247 49.5 46.3 35 25.5 6.5 

Trout-perch 8 1.6 1.5 80 58.4 14.6 

Total 499 100.0 93.0 137 100.0 25.0 

1. The number in parentheses represents the number of sites fished in a given year; only sites fished with both bottom- and 
surface-sets were included in the analysis. 
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Table 5-17: Catch-per-unit-effort (CPUE; number of fish/30 m of net/24 hours) of selected fish captured in gill nets set in 

flooded bay and main basin areas of Stephens Lake area during summer 2005 as part of habitat modelling 

studies  

Species 

Flooded Bay  Flooded Main Basin 

Macrophyte 
Open 
Deep 

Open 
Shallow 

Wood Combined 
 

Macrophyte 
Open 
Deep 

Open 
Shallow 

Combined 

(n = 7)3 (n = 7) (n = 6) (n = 3) (n = 23)  (n = 7) (n = 1) (n = 6) (n = 14) 

Small Mesh Index Gill Net          

Lake chub - - - - -  0.5 - 0.2 0.3 

Rainbow smelt 9.7 65.2 15.2 15.9 28.8  14.8 25.8 31.4 22.7 

Shiner1 52.3 6.0 49.3 55.9 37.9  44.4 - 4.6 24.2 

Slimy sculpin - - - - -  - - 0.2 0.1 

Trout-perch 7.1 9.7 6.8 - 6.9  8.8 18.5 29.7 18.5 

Yellow perch 5.4 - 6.5 4.4 3.9  0.5 - - 0.2 

Combination Gill Net2           

Burbot - 0.1 - - <0.1  - - - - 

Cisco 0.1 0.5 0.4 - 0.3  0.4 - 0.2 0.3 

Lake whitefish 0.2 0.4 0.1 0.3 0.2  0.1 1.1 0.2 0.2 

Longnose sucker - 0.1 - - <0.1  - - - - 

Mooneye - - - - -  0.4 - 0.1 0.2 

Northern pike <150 mm 0.4 - 0.1 0.4 0.2  0.5 - - 0.3 

                    ≥150 mm 4.8 1.7 3.4 5.1 3.5  4.1 - 0.6 2.3 

Sauger 0.1 - - - <0.1  - - 0.6 0.3 

Walleye 0.3 - - 0.2 0.1  4.5 0.6 0.5 2.5 

White sucker - - - 0.2 <0.1  0.2 - 0.6 0.3 

Total catch 35.4 34.1 34.4 37.0 34.9  37.2 15.7 29.6 32.4 
1. Predominantly spottail shiner and, to a lesser extent, emerald shiner. 

2. Small mesh index gill net combined with 2 panels of standard gang gill net (1 and 2 " mesh). 

3. n in parentheses represents the number of sites fished in each habitat type. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-95 

Table 5-18: Number of walleye marked with Floy®-tags and recaptured in Keeyask Study area waterbodies between 1999 and 2008 

Tagging Waterbody 
Location 

Code 

Number 

Tagged 

Number Recaptured1/Location 

Downstream 

of Study Area 

Total 

Number 

Recaptured3 

Individual 

Recapture 

Rate (%) 

Split Lake Area Keeyask Area 
Gull Rapids 

Area 
Stephens Lake Area 

1 2 3 4 5   8 9 10 11 ? Total2 12 13 Total2 14 15 16 17 Total2 

Split Lake Area                           

     Split Lake 1 225 15 11 9 - - - - - - - 1 16 37 - - - - - - - - - 52 23.1 

     Aiken River 2 1752 137 299 71 12 - - - - - - 1 59 564 - - - - - - - - - 564 32.2 

     Mistuska River 3 1020 59 8 69 - - - - - - - - 67 199 - - - - - - - - - 199 19.5 

     Ripple River 4 18 4 - - - - - - - - - - - 0 - - - - - - - - - 4 22.2 

     Assean River 5 310 5 - - - 11 1 3 2 2 - 1 2 28 - - - - - - - - - 28 9.0 

     Crying River 6 53 - - - - - 1 - 4 - - - - 5 - - - - - - - - - 5 9.4 

     Hunting River 7 107 - - - - 1 - - 1 - - - - 2 - - - - - 1 - 1 - 3 2.8 

     Assean Lake 8 - - - - - - - - - - - - - - - - - - - - - - - - - 

     Clark Lake (CL) 9 171 2 - - - 1 - 1 - 1 - - 2 5 1 - 1 - - - - - - 8 4.7 

     Burntwood/Odei River 10 58 8 - - - - - - - - 1 - 1 2 - - - - - - - - - 10 17.2 

     Kelsey GS 11 124 - - - - - - - - - - 3 1 4 - - - - - - - - - 4 3.2 

Keeyask Area                           

     Nelson River (CL-GL) 12 260 1 - - - - - - - - 1 - 2 3 3 3 6 1 - - - - - 11 4.2 

     Gull Lake (GL) 13 236 - - - - - - - - - 1 - - 1 - 8 8 1 - - - - 1 11 4.7 

Gull Rapids Area 14 848 - - - - - - - - - - - - - - 1 1 66 15 - 1 16 - 82 9.7 

Stephens Lake Area                           

     Stephens Lake 15 161 - - - - - - - - - - - - - - - - 5 1 - - 1 - 6 3.7 

     North Moswakot River 16 74 - - - - - - - - - - - - - - - - - 2 4 - 6 - 6 8.1 

     South Moswakot River 17 39 - - - - - - - - - - - - - - - - 1 2 - - 2 - 3 7.7 

     Looking Back Creek 18 7 - - - - - - - - - - - - - - - - - - - - - - - - 

Total  5463 231 318 149 12 13 2 4 7 3 3 6 150 850 4 12 16 74 20 5 1 26 1 996 18.2 

? Unknown whether Split Lake, Assean Lake, or Aiken, Ripple, Mistuska or Assean Rivers. 

1. Does not include fish recaptured multiple times in a waterbody at any time. 

2. Does not include fish recaptured multiple times within an area at any time. 

3. Does not include fish recaptured multiple times anywhere in the study area at any time. 
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Table 5-19: Summary of movements of walleye radio-tagged in Gull and Stephens lakes between 2001 and 2004 

Year 
Number 

Tagged 

Number 

Detected 

Remained Within Moved over GR Moved over BR Moved over LR 

NR STL DS US DS US DS US 

2001/2002 30 28 23 5 - - - - - - 

2002/2003 - 29 23 4 1 - - 1 - - 

2003/2004 - 24 19 5 - - - - - - 

NR = Nelson River between Clark Lake and Gull Rapids (including Gull Lake) 

STL = Stephens Lake 

DS = downstream 

US = upstream 

BR = Birthday Rapids 

GR = Gull Rapids 

LR = Long Rapids 
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Table 5-20: Number of walleye Floy®-tagged (nT) and recaptured (nR) and recapture 

rate (RR) of tagged fish during Keeyask Environmental Studies in study 

area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT
 RR2 

(%) 

Aiken River System (Aiken, 

Mistuska, Ripple Rivers, and 

York Landing arm of Split Lake) 

31 May-11 Jun 2002 
22 Aiken  1018 2.2 

0 Keeyask  197 0.0 

15 May-05 Jun 2003 
86 Aiken  2264 3.8 

0 Keeyask  350 0.0 

04–19 Jun 2004 
20 Aiken  2672 0.7 

0 Keeyask  456 0.0 

17 Sep-04 Oct 2004 
13 Aiken  3005 0.4 

0 Keeyask  496 0.0 

Assean River System 

(Assean, Hunting, and Crying 

Rivers, and Assean Lake) 

10 May-24 Jun 2001 
2 Assean  123 1.6 

0 Keeyask  50 0.0 

28 Aug-21 Oct 2001 
0 Assean  127 0.0 

0 Keeyask  140 0.0 

19 May-06 Jul 2002 
10 Assean  453 2.2 

0 Keeyask  197 0.0 

19 Aug-14 Oct 2002 
2 Assean  470 0.4 

0 Keeyask  197 0.0 

Burntwood River System 

(Burntwood and Odei rivers) 

21 May-31 Jul 2001 
0 Burntwood  3 0.0 

0 Keeyask  50 0.0 

05 Jun-18 Jul 2002 
1 Burntwood  58 1.7 

0 Keeyask  130 0.0 

08 Jun-16 Jul 2005 
0 Burntwood  58 0.0 

0 Keeyask  130 0.0 

21–26 Aug 2006 
0 Burntwood  58 0.0 

0 Keeyask  130 0.0 

17 May-27 Jun 2007 
0 Burntwood  58 0.0 

0 Keeyask  130 0.0 

Kelsey Area (Nelson River 

between Split Lake and Kelsey 

GS, and Grass River) 

21 May-31 Jul 2001 
0 Kelsey  5 0.0 

0 Keeyask  50 0.0 

05 Jun-18 Jul 2002 
0 Kelsey  130 0.0 

0 Keeyask  197 0.0 

15 Jun-16 Jul 2005 
0 Kelsey  130 0.0 

0 Keeyask  456 0.0 

23 May-02 Jul 2006 
3 Kelsey  130 2.3 

0 Keeyask  496 0.0 

17 May-27 Jun 2007 
0 Kelsey  130 0.0 

0 Keeyask  496 0.0 
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Table 5-20: Number of walleye Floy®-tagged (nT) and recaptured (nR) and recapture 

rate (RR) of tagged fish during Keeyask Environmental Studies in study 

area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT
 RR2 

(%) 

Split Lake (excludes York 

Landing arm) 

14–25 Aug 2001 
0 Split L 0 - 

1 Keeyask  50 2.0 

12–25 Aug 2002 
0 Split L 4 0.0 

0 Keeyask  130 0.0 

08 Jun-16 Jul 2005 
0 Split L 4 0.0 

0 Keeyask  130 0.0 

15 Aug-10 Sep 2006 
0 Split L 4 0.0 

0 Keeyask  130 0.0 

Clark Lake 

19–29 May 2002 
0 Clark L 4 0.0 

0 Keeyask  197 0.0 

12–25 Aug 2002 
0 Clark L 4 0.0 

0 Keeyask  197 0.0 

11 Sep-10 Oct 2002 
0 Clark L 11 0.0 

0 Keeyask  197 0.0 

09 Jun-03 Jul 2004 

0 Clark L 97 0.0 

1 Assean  470 0.2 

0 Keeyask  456 0.0 

16–22 Aug 2004 
0 Clark L 97 0.0 

0 Keeyask  456 0.0 

18 Sep-10 Oct 2004 

0 Clark L 171 0.0 

1 Assean  470 0.2 

0 Keeyask  496 0.0 

08 Jun-16 Jul 2005 
0 Clark L 171 0.0 

0 Keeyask  496 0.0 

15 Aug-10 Sep 2006 
1 Clark L 171 0.6 

0 Keeyask  496 0.0 

Keeyask Area (Nelson River 

between Clark Lake and Gull 

Rapids) 

 

21 May-31 Jul 2001 

0 Keeyask  50 0.0 

0 Split L  131 0.0 

0 Stephens L  88 0.0 

14–26 Aug 2001 

0 Keeyask  50 0.0 

0 Split L  131 0.0 

0 Stephens L  88 0.0 

22 Sep-08 Oct 2001 

0 Keeyask  140 0.0 

0 Split L  135 0.0 

0 Stephens L  158 0.0 

09 Jun-15 Jul 2002 

1 Keeyask  197 0.5 

0 Split L  1663 0.0 

0 Stephens L  209 0.0 
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Table 5-20: Number of walleye Floy®-tagged (nT) and recaptured (nR) and recapture 

rate (RR) of tagged fish during Keeyask Environmental Studies in study 

area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT
 RR2 

(%) 

Keeyask Area (Continued) 

05–16 Aug 2002 

0 Keeyask  197 0.0 

0 Split L  1663 0.0 

0 Stephens L  209 0.0 

10 Sep-13 Oct 2002 

0 Keeyask  265 0.0 

0 Split L  1691 0.0 

0 Stephens L  268 0.0 

24 May-01 Jul 2003 

4 Keeyask  350 1.1 

0 Split L  2937 0.0 

1 Stephens L  834 0.1 

03 Sep-11 Oct 2003 

2 Keeyask  430 0.5 

0 Split L  2937 0.0 

0 Stephens L  1121 0.0 

09 Jun-21 Jul 2004 

0 Keeyask  456 0.0 

0 Split L  3431 0.0 

0 Stephens L  1121 0.0 

22–25 Aug 2004 

0 Keeyask  471 0.0 

0 Split L  3431 0.0 

0 Stephens L  1121 0.0 

14 Sep-09 Oct 2004 

1 Keeyask  496 0.2 

0 Split L  1121 0.0 

0 Stephens L  3838 0.0 

23 May-02 Jul 2006 

2 Keeyask  496 0.4 

0 Split L  3838 0.0 

0 Stephens L  1129 0.0 

15 Aug-10 Sep 2006 

4 Keeyask  496 0.8 

0 Split L  3838 0.0 

0 Stephens L  1129 0.0 

28 Sep-03 Oct 2007 

0 Keeyask  496 0.0 

0 Split L  3838 0.0 

0 Stephens L  1129 0.0 

04 Jun-04 Jul 2008 

0 Keeyask  496 0.0 

0 Split L  3838 0.0 

0 Stephens L  1129 0.0 

12–27 Sep 2008 

1 Keeyask  496 0.2 

0 Split L  3838 0.0 

0 Stephens L  1129 0.0 
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Table 5-20: Number of walleye Floy®-tagged (nT) and recaptured (nR) and recapture 

rate (RR) of tagged fish during Keeyask Environmental Studies in study 

area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT
 RR2 

(%) 

North Moswakot System 

03 Sep-11 Oct 2002 
1 N Moswakot  5 20.0 

0 Keeyask  197 0.0 

21 May-27 Jun 2003 
2 N Moswakot  67 3.0 

0 Keeyask  350 0.0 

03 Sep-15 Oct 2003 
0 N Moswakot  75 0.0 

0 Keeyask  430 0.0 

South Moswakot System 

04 Sep-13 Oct 2002 
0 S Moswakot  5 0.0 

0 Keeyask  197 0.0 

21 May-27 Jun 2003 

0 S Moswakot  37 0.0 

1 Stephens L 730 0.1 

0 Keeyask  350 0.0 

03 Sep-15 Oct 2003 
0 S Moswakot  38 0.0 

0 Keeyask  430 0.0 

Stephens Lake (includes Gull 

Rapids) 

23 May-08 Jul 2001 
2 Stephens L 88 2.3 

0 Keeyask  50 0.0 

28 Aug-05 Sep 2001 
0 Stephens L 88 0.0 

0 Keeyask  50 0.0 

26 Sep-03 Oct 2001 
0 Stephens L 158 0.0 

0 Keeyask  140 0.0 

12 Jun-15 Jul 2002 
0 Stephens L 209 0.0 

0 Keeyask  197 0.0 

23 Jul-11 Aug 2002 
2 Stephens L 209 1.0 

0 Keeyask  197 0.0 

26 Sep-14 Oct 2002 
2 Stephens L 258 0.8 

0 Keeyask  197 0.0 

24 May-18 Jul 2003 

11 Stephens L 730 1.5 

1 S Moswakot  37 2.7 

0 Keeyask  350 0.0 

22 Jul-09 Aug 2003 

2 Stephens L 730 0.3 

1 S Moswakot  37 2.7 

2 N Moswakot  67 3.0 

0 Keeyask  350 0.0 

01 Sep-14 Oct 2003 

7 Stephens L 1008 0.7 

1 S Moswakot  38 2.6 

0 Keeyask  430 0.0 

16 Jun-04 Jul 2004 
0 Stephens L 1008 0.0 

0 Keeyask  456 0.0 

07 Jun-16 Jul 2005 
0 Stephens L 1008 0.0 

0 Keeyask  496 0.0 

21 May-01 Jul 2006 
1 Stephens L 1008 0.1 

0 Keeyask  496 0.0 
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Table 5-20: Number of walleye Floy®-tagged (nT) and recaptured (nR) and recapture 

rate (RR) of tagged fish during Keeyask Environmental Studies in study 

area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT
 RR2 

(%) 

Stephens Lake (Continued) 

15 Aug-10 Sep 2006 
0 Stephens L 1008 0.0 

0 Keeyask  496 0.0 

19–23 Sep 2007 
0 Stephens L 1008 0.0 

0 Keeyask  496 0.0 

11–18 Sep 2008 
0 Stephens L 1008 0.0 

0 Keeyask  496 0.0 
1. Aiken = Aiken River System; Assean = Assean River System; Burntwood = Burntwood River system; Clark L = Clark Lake; 

Keeyask = Keeyask Area; Kelsey = Kelsey Area; N Moswakot = North Moswakot River System; S Moswakot = South 
Moswakot River System; Stephens L = Stephens Lake Area; Split L = Split Lake Area. 

2. Calculated per tagging location for each period of study. 
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Table 5-21: Number of walleye Floy®-tagged and recaptured1 above and below Gull Rapids during Keeyask Environmental 

Studies conducted in spring and fall of 2001 and 2002 

Upstream of Gull Rapids2 Downstream of Gull Rapids3 

Period Caught 
Tagged 

in GL 

Recaps 

from GL 

Recaps 

from STL 
Period Caught 

Tagged 

in STL 

Recaps 

from STL 

Recaps 

from GL 

21 May-02 Jun 2001 41 16 - - 23 May-12 Jul 2001 220 85 2 - 

23 Sep-08 Oct 2001 106 81 - - 26 Sep-03 Oct 2001 70 70 - - 

07 Jun-14 Jul 2002 15 7 1 - 12 Jun-15 Jul 2002 80 51 - - 

01-30 Oct 2002 60 56 - - 26 Sep-14 Oct 2002 51 49 2 - 

Total 222 160 1 0 Total 421 255 4 0 
1. Includes fish that were recaptured multiple times (except for fish recaptured at the same site within 24 hours). 

2. Includes Gull Lake (GL) to approximately 15 km upstream of Gull Rapids. 

3. Includes Stephens Lake (STL) to approximately 10 km downstream of Gull Rapids. 
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Table 5-22: Number of walleye Floy®-tagged, by year and season, in the Split Lake and Keeyask areas and Stephens/Gull Rapids that were recaptured during Keeyask Environmental Studies1 or by local 

harvesters, 1999–2008 

Year Season5 

Tagged in Split Lake Area2 Tagged in Keeyask Area3 Tagged in Stephens Lake and Gull Rapids Areas4 

Total # 
Tagged 

Total # Recaptured6 
Total # 
Tagged 

Total # Recaptured 
Total # 
Tagged 

Total # Recaptured 

Split Keeyask Stephens D/S KGS7 Split Keeyask Stephens D/S KGS Split Keeyask Stephens D/S KGS 

1999 fall - - - - - 7 - - - - - - - - - 

 winter - - - - - 7 - - - - - - - - - 

2001 spring 131 4 - - - 49 - - - - 88 - - 2 - 

 summer 134 - - - - 50 1 - - - 88 - - - - 

 fall 135 - - - - 140 - - - - 158 - - - - 

 winter 135 - - - - 140 - - - - 158 - - - - 

2002 spring 1663 33 - - - 197 - 1 - - 209 - - - - 

 summer 1676 19 - - - 223 - - - - 215 - - 4 - 

 fall 1691 48 - - - 265 - - - - 268 - - 4 - 

 winter 1691 18 - - - 265 - - - - 268 - - - - 

2003 spring 2937 217 - - - 349 - 4 - - 834 - 1 17 - 

 summer 2937 20 - - - 389 - - - - 913 - - 9 - 

 fall 2937 52 - - - 430 1 2 - - 1121 - - 7 - 

 winter 2937 5 - - - 430 - - - - 1121 - - - - 

2004 spring 3431 101 - - - 456 - - - - 1121 - - 1 - 

 summer 3451 53 - - - 483 - 1 1 - 1121 - - 35 - 

 fall 3838 33 - - - 496 - - - - 1121 - - - - 

 winter 3838 41 - - - 496     1121 - - - - 

2005 spring 3838 53 - 1 - 496 - - 1 1 1129 - - 20 - 

 summer 3838 12 - - - 496 - - - - 1129 - - - - 

 fall 3838 - - - - 496 - - - - 1129 - - - - 

 winter 3838 - - - - 496 - - - - 1129 - - - - 

2006 spring 3838 27 - - - 496 - 2 - - 1129 - - 2 - 

 summer 3838 12 1 - - 496 - 3 - - 1129 - - - - 

 fall 3838 4 - - - 496 1 - - - 1129 - - - - 

 winter 3838 - - - - 496 - - - - 1129 - - - - 

2007 spring 3838 31 - - - 496 - - - - 1129 - - - - 

 summer 3838 - - - - 496 - - - - 1129 - - - - 

 fall 3838 89 - - - 496 2 - - - 1129 - - - - 

 winter 3838 - - - - 496 - - - - 1129 - - - - 

2008 spring 3838 - - - - 496 - - - - 1129 - - - - 

 summer 3838 - - - - 496 - - - - 1129 - - - - 

 fall 3838 38 - - - 496 - 1 - - 1129 - - - - 

 winter 3838 - - - - 496 - - - - 1129 - - - - 

Total   910 1 1 0  5 14 2 1  0 1 101 0 

1. Areas shaded in gray represent times when Keeyask Environmental Studies were not conducted in the Keeyask Study Area  5. Spring = 01 May-15 Jul; summer = 16 Jul-19 Sep; fall = 20 Sep-15 Nov; winter = 16 Nov-30 Apr 

2. Includes Split and Clark lakes and their major tributaries systems (Burntwood, Nelson Aiken, Assean) 6. Includes fish that were recaptured multiple times (except fish recaptured at the same site within 24 hours) 

3. Includes the Nelson River between Clark Lake and Gull Rapids  7. Downstream of the Kettle Generating Station 

4. Includes Gull Rapids, Stephens Lake, and its major tributaries (North and South Moswakot Rivers and Looking Back Creek) 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-104 

Table 5-23: Number of northern pike marked with Floy®-tags and recaptured in Keeyask Study area waterbodies between 1999 and 2008 

Tagging Waterbody 
Location 

Code 

Number 

Tagged 

Number Recaptured1/Location 

Total Number 
Recaptured3 

Individual 
Recapture 
Rate (%) 

Split Lake Area Keeyask Area 
Gull Rapids 

Area 
Stephens Lake Area Downstream 

of Study Area 
1 2 3 4 5 8 9 10 11 ? Total2 12 13 Total2 14 15 16 17 Total2 

Split Lake Area                         

     Split Lake 1 290 11 5 4 1 - - - - 1 1 23 - - - - - - - - - 23 7.9 

     Aiken River 2 533 11 24 7 4 - - - - - 4 50 - - - - - - - - - 50 9.4 

     Mistuska River 3 1217 21 2 75 2 - - - - 1 8 107 - - - - - - - - - 107 8.8 

     Ripple River 4 342 11 5 11 6 - - - - - 4 37 - - - - - - - - - 37 10.8 

     Assean River 5 520 6 - - - 11 3 3 - - - 23 1 - 1 - - - - - - 24 4.6 

     Crying River 6 71 - - - - 1 - - - - - 1 - - - - - - - - - 1 1.4 

     Hunting River 7 60 - 1 - - - - - - - 1 2 - - - - - - - - - 2 3.3 

     Assean Lake 8 - - - - - - - - - - - - - - - - - - - - - - - 

     Clark Lake (CL) 9 490 - - - - 1 - 7 - - - 8 - - - - - - - - 1 9 1.8 

     Burntwood/Odei River 10 67 2 - 1 - - - - - - - 3 - - - - - - - - - 3 4.5 

     Kelsey GS 11 180 2 - - - - - - - 1 - 3 - - - - - - - - - 3 1.7 

Keeyask Area                         

     Nelson River (CL-GL) 12 1046 3 - 1 - 1 - - - 1 2 8 15 6 21 - - - - - - 29 2.8 

     Gull Lake (GL) 13 1023 - - - - - - - 1 - - 1 4 14 18 5 1 - - 1 - 25 2.4 

Gull Rapids Area 14 850 1 - - - - - - - - - 1 - - - 32 3 - - 3 1 37 - 

Stephens Lake Area                         

     Stephens Lake 15 122 - - - - - - - - - - - - - - 1 - - - - - 1 0.8 

     North Moswakot River 16 554 - - - - - - - - - - - - - - - 2 27 - 29 - 29 5.2 

     South Moswakot River 17 457 - - - - - - - - - - - - - - - - 2 26 28 - 28 6.1 

     Looking Back Creek 18 54 - - - - - - - - - - - - - - - - - - - - - - 

Total  7876 68 37 99 13 14 3 10 1 4 20 267 20 20 40 38 6 29 26 61 2 408 5.2 

? Unknown whether Split Lake, Assean Lake, or Assean, Aiken, Ripple, or Mistuska Rivers 

1. Does not include fish recaptured multiple times in a waterbody at any time 

2. Does not include fish recaptured multiple times within an area at any time  

3. Does not include fish recaptured multiple times anywhere in the study area at any time  
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-105 

Table 5-24: Summary of movements of northern pike radio-tagged in Gull Lake and Stephens Lake between 2001 and 

2004 

Year 
Number 
Tagged 

Number 
Detected 

Remained Within Moved over GR Moved over BR Moved over LR 

NR STL DS US DS US DS US 

2001/2002 14 14 14 - - - - - - - 

2002/2003 - 12† 10 - 1 - - 1 - 1 

2003/2004 - 11* 9 1 - - - 2 - 2 

* Includes one transmitter that was not detected, but was captured in Assean Lake by a local harvester 

† Includes one fish that moved into Clark Lake 

NR = Nelson River between Clark Lake and Gull Rapids (including Gull Lake) 

STL = Stephens Lake 

DS = downstream 

US = upstream 

BR = Birthday Rapids 

GR = Gull Rapids 

LR = Long Rapids 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-106 

Table 5-25: Number of northern pike Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

Aiken River System (Aiken, 

Mistuska, Ripple Rivers, and York 

Landing arm of Split Lake) 

31 May-11 Jun 2002 
4 Aiken  469 0.9 

0 Keeyask  562 0.0 

15 May-05 Jun 2003 
49 Aiken  1588 3.1 

0 Keeyask  1371 0.0 

04–19 Jun 2004 
29 Aiken  2083 1.4 

0 Keeyask  1685 0.0 

17 Sep-04 Oct 2004 
8 Aiken  2365 0.3 

0 Keeyask  2069 0.0 

Assean River System 

(Assean, Hunting, and Crying 

Rivers, and Assean Lake) 

10 May-24 Jun 2001 
1 Assean  147 0.7 

0 Keeyask  200 0.0 

28 Aug-21 Oct 2001 
0 Assean  186 0.0 

0 Keeyask  335 0.0 

19 May-06 Jul 2002 
9 Assean  622 1.4 

0 Keeyask  562 0.0 

19 Aug-14 Oct 2002 
1 Assean  651 0.2 

0 Keeyask  925 0.0 

Burntwood River System 

(Burntwood and Odei rivers) 

21 May-31 Jul 2001 
0 Burntwood  4 0.0 

0 Keeyask  200 0.0 

05 Jun-18 Jul 2002 
0 Burntwood  67 0.0 

0 Keeyask  562 0.0 

08 Jun-16 Jul 2005 
0 Burntwood  67 0.0 

0 Keeyask  2069 0.0 

21-26 Aug 2006 
0 Burntwood  67 0.0 

0 Keeyask  2069 0.0 

17 May-27 Jun 2007 
0 Burntwood  67 0.0 

0 Keeyask  2069 0.0 

Kelsey Area (Nelson River 

between Split Lake and Kelsey 

GS, and Grass River) 

21 May-31 Jul 2001 
0 Kelsey  7 0.0 

0 Keeyask  200 0.0 

05 Jun-18 Jul 2002 
1 Kelsey  189 0.5 

0 Keeyask  562 0.0 

15 Jun-16 Jul 2005 
0 Kelsey  189 0.0 

0 Keeyask  2069 0.0 

23 May-02 Jul 2006 

0 Kelsey  189 0.0 

1 Aiken  2365 0.0 

0 Keeyask  2069 0.0 

17 May-27 Jun 2007 
0 Kelsey  189 0.0 

0 Keeyask  2069 0.0 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-107 

Table 5-25: Number of northern pike Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

Split Lake (excludes York 

Landing arm) 

14–25 Aug 2001 
0 Split L 0 - 

0 Keeyask  200 0.0 

12–25 Aug 2002 
0 Split L 0 - 

0 Keeyask  562 0.0 

08 Jun-16 Jul 2005 

0 Split L 0 - 

1 Aiken  2365 0.0 

0 Keeyask  2069 0.0 

15 Aug-10 Sep 2006 
0 Split L 0 - 

0 Keeyask  2069 0.0 

Clark Lake 

19–29 May 2002 
0 Clark L 6 0.0 

0 Keeyask  562 0.0 

12–25 Aug 2002 

0 Clark L 6 0.0 

1 Assean  622 0.2 

0 Keeyask  562 0.0 

11 Sep-10 Oct 2002 

1 Clark L 194 0.5 

2 Assean  651 0.3 

0 Keeyask  925 0.0 

09 Jun-03 Jul 2004 
3 Clark L 387 0.8 

0 Keeyask  1685 0.0 

16–22 Aug 2004 
1 Clark L 387 0.3 

0 Keeyask  1757 0.0 

18 Sep-10 Oct 2004 
2 Clark L 490 0.4 

0 Keeyask  2069 0.0 

08 Jun-16 Jul 2005 
0 Clark L 490 0.0 

0 Keeyask  2069 0.0 

15 Aug-10 Sep 2006 
0 Clark L 490 0.0 

0 Keeyask  2069 0.0 

Keeyask Area (Nelson River 

between Clark Lake and Gull 

Rapids) 

21 May-31 Jul 2001 

0 Keeyask  200 0.0 

0 Split L  158 0.0 

0 Stephens L  74 0.0 

14-26 Aug 2001 

1 Keeyask  200 0.5 

0 Split L 158 0.0 

0 Stephens L 74 0.0 

22 Sep-08 Oct 2001 

2 Keeyask  335 0.6 

0 Split L 197 0.0 

0 Stephens L 89 0.0 

09 Jun-15 Jul 2002 

3 Keeyask  562 0.5 

0 Split L 1353 0.0 

0 Stephens L 163 0.0 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-108 

Table 5-25: Number of northern pike Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

Keeyask Area (Continued) 

05–16 Aug 2002 

2 Keeyask  562 0.4 

0 Split L 1353 0.0 

0 Stephens L 163 0.0 

10 Sep-13 Oct 2002 

1 Keeyask  925 0.1 

0 Split L 1578 0.0 

0 Stephens L 506 0.0 

24 May-01 Jul 2003 

11 Keeyask  1371 0.8 

1 Split L 2697 0.0 

0 Stephens L 1349 0.0 

27 Aug-11 Oct 2003 

9 Keeyask  1600 0.6 

0 Split L 2697 0.0 

0 Stephens L 1983 0.0 

09 Jun-21 Jul 2004 

2 Keeyask  1685 0.1 

0 Split L 3385 0.0 

0 Stephens L 1983 0.0 

22–25 Aug 2004 

0 Keeyask  1757 0.0 

0 Split L 3385 0.0 

0 Stephens L 1983 0.0 

14 Sep-09 Oct 2004 

8 Keeyask  2069 0.4 

0 Split L 3770 0.0 

0 Stephens L 1983 0.0 

23 May-02 Jul 2006 

0 Keeyask  2069 0.0 

0 Split L 3770 0.0 

0 Stephens L 2037 0.0 

15 Aug-10 Sep 2006 

0 Keeyask  2069 0.0 

0 Split L 3770 0.0 

0 Stephens L 2037 0.0 

28 Sep-03 Oct 2007 

0 Keeyask  2069 0.0 

0 Split L 3770 0.0 

0 Stephens L 2037 0.0 

04 Jun-04 Jul 2008 

0 Keeyask  2069 0.0 

0 Split L 3770 0.0 

0 Stephens L 2037 0.0 

12–27 Sep 2008 

1 Keeyask  2069 0.0 

0 Split L 3770 0.0 

0 Stephens L 2037 0.0 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-109 

Table 5-25: Number of northern pike Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

North Moswakot System 

03 Sep-11 Oct 2002 
0 N Moswakot  127 0.0 

0 Keeyask  925 0.0 

21 May-27 Jun 2003 
8 N Moswakot 364 2.2 

0 Keeyask  1371 0.0 

03 Sep-15 Oct 2003 
23 N Moswakot 554 4.2 

0 Keeyask  1600 0.0 

South Moswakot System 

04 Sep-13 Oct 2002 
0 S Moswakot 59 0.0 

0 Keeyask  925 0.0 

21 May-27 Jun 2003 
5 S Moswakot 175 2.9 

0 Keeyask  1371 0.0 

03 Sep-15 Oct 2003 
23 S Moswakot 457 5.0 

0 Keeyask  1600 0.0 

Stephens Lake (includes Gull 

Rapids) 

23 May-08 Jul 2001 
6 Stephens L 74 8.1 

0 Keeyask  200 0.0 

28 Aug-05 Sep 2001 
0 Stephens L 74 0.0 

0 Keeyask  200 0.0 

26 Sep-03 Oct 2001 
0 Stephens L 89 0.0 

0 Keeyask  335 0.0 

12 Jun-15 Jul 2002 
2 Stephens L 163 1.2 

0 Keeyask  562 0.0 

23 Jul-11 Aug 2002 
1 Stephens L 163 0.6 

0 Keeyask  562 0.0 

26 Sep-14 Oct 2002 
4 Stephens L 320 1.3 

0 Keeyask  925 0.0 

24 May-18 Jul 2003 
6 Stephens L 810 0.7 

2 Keeyask  1371 0.1 

22 Jul-09 Aug 2003 

1 Stephens L 810 0.1 

2 N Moswakot  364 0.5 

1 Keeyask  1371 0.1 

01 Sep-14 Oct 2003 
3 Stephens L 972 0.3 

0 Keeyask  1600 0.0 

16 Jun-04 Jul 2004 
0 Stephens L 972 0.0 

1 Keeyask  1685 0.1 

07 Jun-16 Jul 2005 
0 Stephens L 972 0.0 

0 Keeyask  2069 0.0 

21 May-01 Jul 2006 
1 Stephens L 972 0.1 

0 Keeyask  2069 0.0 

15 Aug-10 Sep 2006 
1 Stephens L 972 0.1 

0 Keeyask  2069 0.0 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-110 

Table 5-25: Number of northern pike Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

Stephens Lake (continued) 

19–23 Sep 2007 
0 Stephens L 972 0.0 

0 Keeyask  2069 0.0 

11–18 Sep 2008 
0 Stephens L 972 0.0 

0 Keeyask  2069 0.0 
1. Aiken = Aiken River System; Assean = Assean River System; Burntwood = Burntwood River system; Clark L = Clark Lake; 

Keeyask = Keeyask Area; Kelsey = Kelsey Area; N Moswakot = North Moswakot River System; S Moswakot = South 
Moswakot River System; Stephens L = Stephens Lake Area; Split L = Split Lake Area. 

2. Calculated per tagging location for each period of study. 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-111 

Table 5-26: Number of northern pike Floy®-tagged and recaptured1 above and below Gull Rapids during Keeyask 

Environmental Studies conducted in spring and fall of 2001 and 2002 

Upstream of Gull Rapids2 Downstream of Gull Rapids3 

Period Caught 
Tagged 

in GL 

Recaps 

from GL 

Recaps 

from STL 
Period Caught 

Tagged 

in STL 

Recaps 

from STL 

Recaps 

from GL 

21 May-02 Jun 2001 82 23 - - 23 May-12 Jul 2001 230 74 6 - 

23 Sep-08 Oct 2001 111 108 1 - 26 Sep-03 Oct 2001 16 15 - - 

07 Jun-14 Jul 2002 64 32 - - 12 Jun-15 Jul 2002 122 74 2 - 

01-30 Oct 2002 279 271 2 - 26 Sep-14 Oct 2002 165 157 5 - 

Total 536 434 3 0 Total 533 320 13 0 

1. Includes fish that were recaptured multiple times (except for fish recaptured at the same site within 24 hours) 

2. Includes Gull Lake (GL) to approximately 15 km upstream of Gull Rapids 

3. Includes Stephens Lake (STL) to approximately 10 km downstream of Gull Rapids 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-112 

Table 5-27: Number of northern pike Floy®-tagged, by year and season, in the Split Lake and Keeyask areas and Stephens/Gull Rapids that were recaptured during Keeyask Environmental Studies1 or by local 

harvesters, 1999–2008 

Year Season5 

Tagged in Split Lake Area2 Tagged in Keeyask Area3 Tagged in Stephens Lake and Gull Rapids Areas4 

Total # 

Tagged 

Total # Recaptured6 Total # 

Tagged 

Total # Recaptured Total # 

Tagged 

Total # Recaptured 

Split Keeyask Stephens D/S KGS7 Split Keeyask Stephens D/S KGS Split Keeyask Stephens D/S KGS 

1999 fall - - - - - 16 - - - - - - - - - 

 winter - - - - - 16 - - - - - - - - - 

2001 spring 158 1 - - - 200 - - - - 74 - - 6 - 

 summer 186 - - - - 200 - 1 - - 74 - - - - 

 fall 197 - - - - 335 - 2 - - 89 - - - - 

 winter 197 - - - - 335 - - - - 89 - - - - 

2002 spring 1353 15 - - - 562 - 3 - - 163 - - 2 - 

 summer 1401 2 - - - 661 - 2 - - 243 - - 2 - 

 fall 1578 6 - - - 925 1 1 - - 506 - - 5 - 

 winter 1578 5 - - - 925 1 - - - 506 - - - - 

2003 spring 2697 77 1 - - 1371 2 12 2 - 1349 - - 22 - 

 summer 2697 9 - - - 1508 - 6 1 - 1466 1 - 17 - 

 fall 2697 11 - - - 1600 - 3 - - 1983 - - 27 - 

 winter 2697 1 - - - 1600 - - - - 1983 - - - - 

2004 spring 3385 43 - - - 1685 1 2 1 - 1983 - - 4 - 

 summer 3427 16 - - - 1821 - - 2 - 1983 - - 6 - 

 fall 3770 13 - - - 2069 - 8 - - 1983 - - - - 

 winter 3770 13 - - - 2069 1 - - - 1983 - - - - 

2005 spring 3770 13 - - - 2069 - - - - 2037 - - 3 - 

 summer 3770 3 - - 1 2069 - - - - 2037 - - - - 

 fall 3770 - - - - 2069 - - - - 2037 - - - - 

 winter 3770 - - - - 2069 - - - - 2037 - - - - 

2006 spring 3770 3 - - - 2069 1 - - - 2037 - - 1 1 

 summer 3770 6 - - - 2069 - - - - 2037 - - 1 - 

 fall 3770 1 - - - 2069 - - - - 2037 - - - - 

 winter 3770 - - - - 2069 - - - - 2037 - - - - 

2007 spring 3770 7 - - - 2069 1 - - - 2037 - - - - 

 summer 3770 - - - - 2069 - - - - 2037 - - - - 

 fall 3770 17 - - - 2069 1 - - - 2037 - - - - 

 winter 3770 - - - - 2069 - - - - 2037 - - - - 

2008 spring 3770 - - - - 2069 - - - - 2037 - - - - 

 summer 3770 - - - - 2069 - - - - 2037 - - - - 

 fall 3770 2 - - - 2069 - 1 - - 2037 - - - - 

 winter 3770 - - - - 2069 - - - - 2037 - - - - 

Total   264 1 0 1  9 41 6 0  1 0 96 1 

1. Areas shaded in gray represent times when Keeyask Environmental Studies were not conducted in the Keeyask study area 

2. Includes Split and Clark lakes and their major tributaries systems (Burntwood, Nelson, Aiken, Assean)  

3. Includes the Nelson River between Clark Lake and Gull Rapids 

4. Includes Gull Rapids, Stephens Lake, and its major tributaries (North and South Moswakot Rivers and Looking Back Creek) 

5. Spring = 01 May-15 Jul; summer = 16 Jul-19 Sep; fall = 20 Sep-15 Nov; winter = 16 Nov-30 Apr 

6. Includes fish that were recaptured multiple times (except fish recaptured at the same site within 24 hours) 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-113 

Table 5-28: Number of lake whitefish marked with Floy®-tags and recaptured in Keeyask study area waterbodies between 1999 and 2008 

Tagging Waterbody 
Location 

Code 

Number 

Tagged 

Number Recaptured1/Location 
Total 

Number 

Recaptured3 

Individual 
Recapture 

Rate (%) 

Split Lake Area Keeyask Area 
Gull Rapids 

Area 
Stephens Lake Area Downstream 

of Study Area 
1 2 3 5 8 9 ? Total2 12 13 Total2 14 15 16 17 Total2 

Split Lake Area                      

     Split Lake 1 61 - - 1 - - - - 1 - - - - - - - - - 1 1.6 

     Aiken River 2 1 - - - - - - - - - - - - - - - - - - - 

     Mistuska River 3 119 11 1 4 - - - 1 17 - - - - - - - - - 17 14.3 

     Ripple River 4 4 - - - - - - - - - - - - - - - - - - - 

     Assean River 5 304 - - - 68 2 1 2 73 - - - 1 - - - - - 74 24.3 

     Assean Lake 8 - - - - - - - - - - - - - - - - - - - - 

     Clark Lake (CL) 9 33 - - - 1 - - - 1 - - - - - - - - - 1 3.0 

     Burntwood/Odei River 10 3 - - - - - - - - - - - - - - - - - - - 

     Kelsey GS 11 25 - - - - - - - - - - - - - - - - - - - 

Keeyask Area                      

     Nelson River (CL-GL) 12 66 - - - - - - - - - - - - - - - - - - - 

     Gull Lake (GL) 13 101 - - - - - - - - - 1 1 - - - - - - 1 1.0 

Gull Rapids Area 14 739 - - - - - - - - - - - 15 2 2 1 5 1 21 2.8 

Stephens Lake Area                      

     Stephens Lake 15 47 - - - - - - - - - - - - 1 - - 1 - 1 - 

     North Moswakot River 16 93 - - - - - - - - - - - - - 1 - 1 - 1 1.1 

     South Moswakot River 17 117 - - - - - - - - - - - 2 - 1 3 4 - 6 5.1 

Total  1713 11 1 5 69 2 1 3 92 - 1 1 18 3 4 4 11 1 123 7.2 

? Unknown whether Split Lake, Assean Lake, or Assean River 

1. Does not include fish recaptured multiple times in a waterbody at any time 

2. Does not include fish recaptured multiple times within an area at any time 

3. Does not include fish recaptured multiple times anywhere in the study area at any time  
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-114 

Table 5-29: Summary of movements of lake whitefish radio- and acoustic-tagged in Gull Lake and Stephens Lake between 

2001 and 2004 

Year 
Number 
Tagged 

Number 
Detected 

Remained Within Moved over GR Moved over BR Moved over LR 

NR STL DS US DS US DS US 

2001/2002 30 21 13 6 ** - - - - - 

2002/2003 - 16 8 8 - - - 1 - - 

2003/2004 - 11* 4 5 - 2 1 - - - 

* Includes one transmitter that was not detected, but was relocated on shore 

**Does not include two lake whitefish that moved downstream through Gull Rapids due to post-operative stress 

NR = Nelson River between Clark Lake and Gull Rapids (including Gull Lake) 

STL = Stephens Lake 

DS = downstream 

US = upstream 

BR = Birthday Rapids 

GR = Gull Rapids 

LR = Long Rapids 
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AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-115 

Table 5-30: Number of lake whitefish Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

Aiken River System (Aiken, 

Mistuska, Ripple Rivers, and York 

Landing arm of Split Lake) 

31 May-11 Jun 2002 
0 Aiken 0 - 

0 Keeyask  49 0.0 

15 May-05 Jun 2003 
0 Aiken 42 0.0 

0 Keeyask  128 0.0 

04–19 Jun 2004 
2 Aiken  104 1.9 

0 Keeyask  159 0.0 

17 Sep-04 Oct 2004 
1 Aiken  185 0.5 

0 Keeyask  167 0.0 

Assean River System (Assean, 

Hunting, and Crying Rivers, and 

Assean Lake) 

10 May-24 Jun 2001 
0 Assean  7 0.0 

0 Keeyask  9 0.0 

28 Aug-21 Oct 2001 
69 Assean  225 30.7 

0 Keeyask  34 0.0 

19 May-06 Jul 2002 
0 Assean  225 0.0 

0 Keeyask  49 0.0 

19 Aug-14 Oct 2002 
20 Assean  304 6.6 

0 Keeyask  104 0.0 

Burntwood River System 

(Burntwood and Odei rivers) 

21 May-31 Jul 2001 
0 Burntwood  3 0.0 

0 Keeyask  9 0.0 

05 Jun-18 Jul 2002 
0 Burntwood  3 0.0 

0 Keeyask  49 0.0 

08 Jun-16 Jul 2005 
0 Burntwood  3 0.0 

0 Keeyask  167 0.0 

21–26 Aug 2006 
0 Burntwood  3 0.0 

0 Keeyask  167 0.0 

17 May-27 Jun 2007 
0 Burntwood  3 0.0 

0 Keeyask  167 0.0 

Kelsey Area (Nelson River 

between Split Lake and Kelsey GS, 

and Grass River) 

21 May-31 Jul 2001 
0 Kelsey  0 - 

0 Keeyask  9 0.0 

05 Jun-18 Jul 2002 
0 Kelsey  25 0.0 

0 Keeyask  49 0.0 

15 Jun-16 Jul 2005 
0 Kelsey  25 0.0 

0 Keeyask  167 0.0 

23 May-02 Jul 2006 
0 Kelsey  25 0.0 

0 Keeyask  167 0.0 

17 May-27 Jun 2007 
0 Kelsey  25 0.0 

0 Keeyask  167 0.0 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-116 

Table 5-30: Number of lake whitefish Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

Split Lake (excludes York 

Landing arm) 

14–25 Aug 2001 
0 Split L 0 - 

0 Keeyask  9 0.0 

12–25 Aug 2002 
0 Split L 0 - 

0 Keeyask  49 0.0 

08 Jun-16 Jul 2005 
0 Split L 0 - 

0 Keeyask  167 0.0 

15 Aug-10 Sep 2006 
0 Split L 0 - 

0 Keeyask  167 0.0 

Clark Lake 

19–29 May 2002 
0 Clark L 0 - 

0 Keeyask  49 0.0 

12–25 Aug 2002 
0 Clark L 0 - 

0 Keeyask  49 0.0 

11 Sep-10 Oct 2002 

0 Clark L 25 0.0 

1 Assean  304 0.3 

0 Keeyask  104 0.0 

09 Jun-03 Jul 2004 
0 Clark L 31 0.0 

0 Keeyask  159 0.0 

16–22 Aug 2004 
0 Clark L 31 0.0 

0 Keeyask  160 0.0 

18 Sep-10 Oct 2004 
0 Clark L 33 0.0 

0 Keeyask  167 0.0 

08 Jun-16 Jul 2005 
0 Clark L 33 0.0 

0 Keeyask  167 0.0 

15 Aug-10 Sep 2006 
0 Clark L 33 0.0 

0 Keeyask  167 0.0 

Keeyask Area (Nelson River 

between Clark Lake and Gull 

Rapids) 

21 May-31 Jul 2001 

0 Keeyask  9 0.0 

0 Split L 10 0.0 

0 Stephens L 4 0.0 

14–26 Aug 2001 

0 Keeyask  9 0.0 

0 Split L 10 0.0 

0 Stephens L 4 0.0 

22 Sep-08 Oct 2001 

0 Keeyask  34 0.0 

0 Split L 228 0.0 

0 Stephens L 61 0.0 

09 Jun-15 Jul 2002 

0 Keeyask  49 0.0 

0 Split L 253 0.0 

0 Stephens L 63 0.0 

05-16 Aug 2002 

0 Keeyask  49 0.0 

0 Split L 253 0.0 

0 Stephens L 63 0.0 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY 5-117 

Table 5-30: Number of lake whitefish Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

Keeyask Area (Continued) 

10 Sep-13 Oct 2002 

0 Keeyask  104 0.0 

0 Split L 357 0.0 

0 Stephens L 600 0.0 

24 May-01 Jul 2003 

0 Keeyask  128 0.0 

0 Split L 399 0.0 

0 Stephens L 626 0.0 

27 Aug-11 Oct 2003 

1 Keeyask  156 0.6 

0 Split L 399 0.0 

0 Stephens L 996 0.0 

09 Jun-21 Jul 2004 

0 Keeyask  159 0.0 

0 Split L 467 0.0 

0 Stephens L 996 0.0 

22–25 Aug 2004 

0 Keeyask  160 0.0 

0 Split L 467 0.0 

0 Stephens L 996 0.0 

14 Sep-09 Oct 2004 

0 Keeyask  167 0.0 

0 Split L 550 0.0 

0 Stephens L 996 0.0 

23 May-02 Jul 2006 

0 Keeyask  167 0.0 

0 Split L 550 0.0 

0 Stephens L 996 0.0 

15 Aug-10 Sep 2006 

0 Keeyask  167 0.0 

0 Split L 550 0.0 

0 Stephens L 996 0.0 

28 Sep-03 Oct 2007 

0 Keeyask  167 0.0 

0 Split L 550 0.0 

0 Stephens L 996 0.0 

04 Jun-04 Jul 2008 

0 Keeyask  167 0.0 

0 Split L 550 0.0 

0 Stephens L 996 0.0 

12–27 Sep 2008 

0 Keeyask  167 0.0 

0 Split L 550 0.0 

0 Stephens L 996 0.0 

North Moswakot System 

03 Sep-11 Oct 2002 
0 N Moswakot  34 0.0 

0 Keeyask  104 0.0 

21 May-27 Jun 2003 
0 N Moswakot 40 0.0 

0 Keeyask  128 0.0 

03 Sep-15 Oct 2003 
0 N Moswakot 93 0.0 

0 Keeyask  156 0.0 

South Moswakot System 04 Sep-13 Oct 2002 
1 S Moswakot  52 1.9 

0 Keeyask  104 0.0 
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Table 5-30: Number of lake whitefish Floy®-tagged (nT) and recaptured (nR) and 

recapture rate (RR) of tagged fish during Keeyask Environmental Studies 

in study area waterbodies between 2001 and 2008 

Location of Study Period of Study nR 
Tagging 

Location1 nT 
RR2 

(%) 

South Moswakot System 
(Continued) 

21 May-27 Jun 2003 

0 S Moswakot 63 0.0 

1 Stephens L 523 0.2 

0 Keeyask  128 0.0 

03 Sep-15 Oct 2003 
2 S Moswakot 117 1.7 

0 Keeyask  156 0.0 

Stephens Lake (includes Gull 

Rapids) 

23 May-08 Jul 2001 
0 Stephens L 4 0.0 

0 Keeyask  9 0.0 

28 Aug-05 Sep 2001 
0 Stephens L 4 0.0 

0 Keeyask  9 0.0 

26 Sep-03 Oct 2001 
0 Stephens L 61 0.0 

0 Keeyask  34 0.0 

12 Jun-15 Jul 2002 
0 Stephens L 63 0.0 

0 Keeyask  49 0.0 

23 Jul-11 Aug 2002 
0 Stephens L 63 0.0 

0 Keeyask  49 0.0 

26 Sep-14 Oct 2002 

12 Stephens L 514 2.3 

1 S Moswakot 52 1.9 

0 Keeyask  104 0.0 

1 Split L 399 0.3 

24 May-18 Jul 2003 
0 Stephens L 523 0.0 

0 Keeyask  123 0.0 

22 Jul-09 Aug 2003 
0 Stephens L 523 0.0 

0 Keeyask  128 0.0 

01 Sep-14 Oct 2003 

4 Stephens L 786 0.5 

1 S Moswakot 117 0.9 

0 Keeyask  156 0.0 

16 Jun-04 Jul 2004 
0 Stephens L 786 0.0 

0 Keeyask  159 0.0 

07 Jun-16 Jul 2005 
0 Stephens L 786 0.0 

0 Keeyask  167 0.0 

21 May-01 Jul 2006 
0 Stephens L 786 0.0 

0 Keeyask  167 0.0 

15 Aug-10 Sep 2006 
0 Stephens L 786 0.0 

0 Keeyask  167 0.0 

19–23 Sep 2007 
1 Stephens L 786 0.1 

0 Keeyask  167 0.0 

11–18 Sep 2008 
0 Stephens L 786 0.0 

0 Keeyask  167 0.0 
1. Aiken = Aiken River System; Assean = Assean River System; Burntwood = Burntwood River system; Clark L = Clark Lake; 

Keeyask = Keeyask Area; Kelsey = Kelsey Area; N Moswakot = North Moswakot River System; S Moswakot = South 
Moswakot River System; Stephens L = Stephens Lake Area; Split L = Split Lake Area. 

2. Calculated per tagging location for each period of study. 
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Table 5-31: Movement of lake whitefish Floy®-tagged and recaptured1 above and below Gull Rapids during Keeyask 

Environmental Studies conducted in spring and fall of 2001 and 2002 

Upstream of Gull Rapids2 Downstream of Gull Rapids3 

Period Caught 
Tagged 

in GL 

Recaps 

from GL 

Recaps 

from STL 
Period Caught 

Tagged 

in STL 

Recaps 

from STL 

Recaps 

from GL 

21 May-02 Jun 2001 19 7 - - 23 May-12 Jul 2001 17 4 - - 

23 Sep-08 Oct 2001 32 23 - - 26 Sep-03 Oct 2001 63 57 - - 

07 Jun-14 Jul 2002 13 9 - - 12 Jun-15 Jul 2002 3 2 - - 

01-30 Oct 2002 44 44 - - 26 Sep-14 Oct 2002 468 451 11 - 

Total 108 83 0 0  551 514 11 0 

1. Includes fish that were recaptured multiple times (except for fish recaptured at the same site within 24 hours). 

2. Includes Gull Lake (GL) to approximately 15 km upstream of Gull Rapids. 

3. Includes Stephens Lake (STL) to approximately 10 km downstream of Gull Rapids. 
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Table 5-32: Number of lake whitefish Floy®-tagged, by year and season, in the Split Lake and Keeyask areas and Stephens/Gull Rapids that were recaptured during Keeyask Environmental Studies1 or by local 

harvesters, 1999–2008 

Year Season5 

Tagged in Split Lake Area2 Tagged in Keeyask Area3 Tagged in Stephens Lake and Gull Rapids Areas4 

Total # 

Tagged 

Total # Recaptured6 Total # 

Tagged 

Total # Recaptured Total # 

Tagged 

Total # Recaptured 

Split Keeyask Stephens D/S KGS7 Split Keeyask Stephens D/S KGS Split Keeyask Stephens D/S KGS 

1999 fall - - - - - 1 - - - - - - - - - 

 winter - - - - - 1 - - - - - - - - - 

2001 spring 10 - - - - 9 - - - - 4 - - - - 

 summer 10 - - - - 9 - - - - 4 - - - - 

 fall 228 69 - - - 34 - - - - 61 - - - - 

 winter 228 - - - - 34 - - - - 61 - - - - 

2002 spring 253 - - - - 49 - - - - 63 - - - - 

 summer 253 2 - - - 49 - - - - 63 - - - - 

 fall 357 19 - 1 - 104 - - - - 600 - - 14 - 

 winter 357 - - - - 104 - - - - 600 - - - - 

2003 spring 399 1 - - - 128 - - - - 626 - - 2 - 

 summer 399 1 - - - 128 - - - - 626 - - - - 

 fall 399 - - - - 156 - 1 - - 996 - - 8 1 

 winter 399 - - - - 156 - - - - 996 - - - - 

2004 spring 467 3 - - - 159 - - - - 996 - - - - 

 summer 472 5 - - - 160 - - - - 996 - - - - 

 fall 550 1 - - - 167 - - - - 996 - - - - 

 winter 550 5 - - - 167 - - - - 996 - - - - 

2005 spring 550 - - - - 167 - - - - 996 - - - - 

 summer 550 - - - - 167 - - - - 996 - - 2 - 

 fall 550 - - - - 167 - - - - 996 - - 1 - 

 winter 550 - - - - 167 - - - - 996 - - - - 

2006 spring 550 - - - - 167 - - - - 996 - - - - 

 summer 550 - - - - 167 - - - - 996 - - 1 - 

 fall 550 - - - - 167 - - - - 996 - - - - 

 winter 550 - - - - 167 - - - - 996 - - - - 

2007 spring 550 - - - - 167 - - - - 996 - - - - 

 summer 550 - - - - 167 - - - - 996 - - - - 

 fall 550 5 - - - 167 - - - - 996 - - 1 - 

 winter 550 - - - - 167 - - - - 996 - - - - 

2008 spring 550 - - - - 167 - - - - 996 - - - - 

 summer 550 - - - - 167 - - - - 996 - - - - 

 fall 550 - - - - 167 - - - - 996 - - - - 

 winter 550 - - - - 167 - - - - 996 - - - - 

Total   111 0 1 0  0 1 0 0  0 0 29 1 

1. Areas shaded in gray represent times when Keeyask Environmental Studies were not conducted in the Keeyask study area. 5. Spring = 01 May-15 Jul; summer = 16 Jul-19 Sep; fall = 20 Sep-15 Nov; winter = 16 Nov-30 Apr. 

2. Includes Split and Clark lakes and their major tributaries systems (Burntwood, Nelson Aiken, Assean) . 6. Includes fish that were recaptured multiple times (except fish recaptured at the same site within 24 hours). 

3. Includes the Nelson River between Clark Lake and Gull Rapids. 7. Downstream of the Kettle Generating Station. 

4. Includes Gull Rapids, Stephens Lake, and its major tributaries (North and South Moswakot Rivers and Looking Back Creek). 
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Table 5-33: Predicted weighted mean catch-per-unit-effort (CPUE) in the Keeyask area 

(outlet of Clark Lake to the Keeyask GS) using standard gang index gill 

nets (#fish/100 m/24 h) and small mesh index gill nets (#fish/30 m/24 h) 

during summer for the existing environment (EE) and four post-Project 

(PP) time steps at peaking operation (between 158 and 159 m above sea 

level) 

Species EE Year 1 Year 5 Year 15 Year 30 

Area (ha) 4979 9532 9717 9974 10156 

Standard gangs      

Northern pike 6.1 3.9 4.5 5.2 5.5 

Walleye 5.3 5.6 6.0 6.5 6.5 

Lake whitefish 1.3 1.4 1.6 1.7 1.8 

Total catch 19.2 17.9 19.7 21.5 22.0 

Small mesh gangs      

Forage fish 53.2 42.3 50.1 58.3 61.0 

 

Table 5-34: Predicted increase in post-impoundment weighted suitable habitat area 

(ha) of foraging habitat for fish in the Keeyask area (outlet of Clark Lake to 

the Keeyask GS) at four post-Project (PP) time steps at peaking operation 

(between 158 and 159 m above sea level) compared to the existing 

environment (EE) 

Species EE Year 1 Year 5 Year 15 Year 30 

Walleye 1.0 1.8 2.0 2.3 2.3 

Northern pike 1.0 1.3 1.4 1.7 1.8 

Lake whitefish 1.0 2.2 2.2 2.5 2.6 

Large-bodied fish 1.0 1.8 1.9 2.1 2.2 

Forage fish 1.0 1.6 1.8 2.2 2.3 
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Table 5-35: Residual effects on the fish community considering specifically walleye, northern pike, and lake whitefish: 

construction period 

Environmental Effect Mitigation/Enhancement Residual Effect 

Upstream of Construction Site 

 
None 

 

 

 
None 

 

 
No residual effects 

expected 
 

 

Gull Rapids/Stephens Lake 
 

Construction activities and construction of cofferdams/GS structures 
will disturb spawning activity and result in a loss or alteration of 

spawning habitat to fish populations in Stephens Lake. 

 
The dewatering of areas inside of cofferdams has the potential to stand 

fish. 
 

Changes in water quality from a variety of construction activities has 

the potential to adversely affect fish health. 
 

Instream construction activities will alter aquatic habitat in Stephens 
Lake due to the deposition of 0.1-0.6 cm of sediment. 

 
Blasting activities have the potential to cause sensory disturbance, 

injury, and mortality to fish 

 
Fish can become impinged/entrained by water intake pipes. 

 
There is a potential for increased harvesting of fish by the construction 

workforce. 

 
 

 

 
 

Avoidance of instream construction 
during sensitive spawning periods 

 

Fish salvage prior to dewatering 
 

Application of guidelines for end-of-
pipe screening and blasting 

 

Measures to reduce effects to water 
quality (as described in Table 2-22) 

 
Harvest controls for construction 

workers as outlined in the Access 
Management Plan 

 
 

Residual effects to the fish 
community will vary by 

VEC species: 

 
Walleye 

There will be an adverse, 
moderate effect to the 

abundance of walleye to a 

medium extent over the 
medium-term 

 
Northern pike 

No residual effects 
expected 

 

Lake whitefish 
There will be an adverse, 

moderate effect to the 
abundance of walleye to a 

medium extent over the 

medium-term 
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Table 5-35: Residual effects on the fish community considering specifically walleye, northern pike, and lake whitefish: 

construction period 

Environmental Effect Mitigation/Enhancement Residual Effect 

South Access Road Streams 

 
Potential effects include: changes in water quality due to construction 

activities; loss of habitat at crossing structure footprint; and loss of 
access to spawning and foraging habitat above stream crossings.  

 

 

 
Installation of a clear-span bridge at 

Looking Back Creek and adherence 
to Manitoba Stream Crossing 

guidelines and other regulations for 

installation and maintenance of 
culvert at Unnamed Tributary and 

Gull Rapids Creek crossings  
 

 

 
No residual effects 

expected 
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Table 5-36: Residual effects on the fish community considering specifically walleye, northern pike, and lake whitefish: 

operation period  

Environmental Effect Mitigation/Enhancement Residual Effect 

Split/Clark Lake 

 
Potential effects include: increased immigration of fish immediately post-

impoundment and over the longer term due to reduced velocities at 
Birthday Rapids; and changes in habitat in the Keeyask reach affecting 

any fish moving from Split and Clark lakes to the Keeyask reach and 

back.  
 

The small number of fish that currently move between the Split and 
Keeyask areas is not expected to increase substantially as Long Rapids 

will be present post-Project. Fish in Split Lake are not dependent on 
habitat in the Keeyask reach, so no effect due to habitat alteration in the 

Keeyask reach is expected. 

 
The extent to which fish will emigrate upstream out of the Keeyask 

reach at impoundment is not known; however, effects to the overall 
Split/Clark population are not expected to be detectable. 

 

 

 
None 

 

 
No residual effects 

expected 
 

 

Within the Reservoir 
 

Effects to the fish community will primarily occur due to changes in the 
quality and quantity of aquatic habitat, and changes in water quality and 

lower trophic levels. 
 

Immediately post-impoundment, there will be an apparent reduction in 

the number of fish due to the increase in the volume of the reservoir. 
For the first 5-10 years, suitability of newly flooded terrain will be less 

than in the long term due to periodic oxygen depletion, shoreline 
instability, and absence of aquatic plants.    

 

Initial predictions for long-term (>30 years) are as follows: 
water quality will be suitable in most sections of the reservoir; 

 
 

Construction of winter escape 
channels at Little Gull Lake to avoid 

winterkill 
 

Spawning enhancements in reservoir 

 
Removal of debris accumulations at 

the mouths of streams to allow fish 
access to tributary habitat 

 

Provision of upstream fish passage by 
trap/catch and transport 

 
 

Overall, there will be a 
positive, small effect to 

fish communities (i.e., 
abundance) to a medium 

extent over the long-

term. Residual effects 
will vary by VEC species: 

 
Walleye 

There will be a positive, 

small effect to the 
abundance of walleye to 
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Table 5-36: Residual effects on the fish community considering specifically walleye, northern pike, and lake whitefish: 

operation period  

Environmental Effect Mitigation/Enhancement Residual Effect 

some specific spawning sites in the existing environment will no longer 

be available post-impoundment (e.g., inlet of Gull Lake, constriction in 
Gull Lake upstream of Caribou Island) but other areas are expected to 

provide suitable habitat; decreased water velocity and evolution of 
conditions in the flooded terrain will result in creation of suitable feeding 

habitat for many species, including northern pike, lake whitefish and 

walleye; suitable overwintering habitat (deep, low velocity) will be 
present; and loss of existing littoral habitats will be offset by 

development of new littoral habitats, though these will be of lower 
quality due to daily/weekly cycling within the reservoir. 

 
In the long-term, habitat modelling indicates there will a moderate 

increase in most large-bodied and forage fish, including walleye, 

northern pike, and lake whitefish. This observation is supported by the 
existence of a fish community in Stephens Lake with comparable density 

as Gull Lake. The composition of the fish community will shift towards 
species that prefer lacustrine rather than riverine conditions. 

 

The presence of the GS will be a barrier to fish movement from 
Stephens Lake to the reservoir. 

 
The construction of the access road and reduction of velocity at Birthday 

Rapids has the potential to increase access to the area, which could 
result in an increase in harvest. It is expected that harvesting will remain 

within sustainable levels given the regulation of recreational fisheries, 

the absence of commercial fisheries, and traditional sustainable 
approach of domestic fishers. The offsetting program is expected to 

redistribute existing domestic fishing pressure to a broader land base. 
 

 

 

a medium extent over 

the long-term 
 

Northern pike 
There will be an adverse, 

small effect to the 

abundance of northern 
pike to a medium extent 

over the short-term 
 

Lake whitefish 
There will be a positive, 

small effect to the 

abundance of lake 
whitefish to a medium 

extent over the long-
term  
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Table 5-36: Residual effects on the fish community considering specifically walleye, northern pike, and lake whitefish: 

operation period  

Environmental Effect Mitigation/Enhancement Residual Effect 

Downstream Generating Station/Stephens Lake 

 
Effects to the fish community will primarily be related to changes in 

habitat at Gull Rapids and immediately downstream, and changes in 
inputs from the reservoir upstream (water quality, drifting invertebrates, 

and fish).  

 
The loss of Gull Rapids may have a major effect on the fish community 

of Stephens Lake as it provides spawning habitat to many species; 
alternate areas are available for most species within Stephens Lake. 

Some species, such as lake whitefish, may experience a net loss in 
spawning habitat. The rapids also provide feeding habitat; however, 

numbers of many species are higher in other sections of Stephens Lake, 

indicating that alternate habitats are available and incoming drift is not a 
key food source.   

 
Changes in the downstream movement of larval, juvenile and adult fish 

due to the creation of the reservoir and presence of the GS structure 

(e.g., dam, spillway, trash racks, and turbines). Potential for fish to 
become stranded after spillway operation. 

 
The construction of the access road and boat launch facilities have the 

potential to increase access to the area, which could result in an 
increase in harvest. However, it is expected that the current commercial 

harvest in Stephens Lake will cease. 

 
 

 
 

 

 
 

 

 
Creation of spawning habitat below 

generating station and spawning 
reefs in Stephens Lake 

 

Measures to increase survival during 
downstream movement through 

turbines or over spillway 

 

 
No residual effects 

expected 
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Table 5-36: Residual effects on the fish community considering specifically walleye, northern pike, and lake whitefish: 

operation period  

Environmental Effect Mitigation/Enhancement Residual Effect 

North and South Access Road Streams 

 
Potential effects include: loss of habitat at crossing structure footprint; 

and loss of access to spawning and foraging habitat above stream 
crossings.  

 

 

 
Installation of a clear-span bridge at 

Looking Back Creek and adherence to 
Manitoba Stream Crossing guidelines 

and other regulations for installation 

and maintenance of culvert at 
Unnamed Tributary and Gull Rapids 

Creek crossings  

 

 
No residual effects 

expected 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 5: FISH COMMUNITY  5-129 

 

 

Figure 5-1: Comparison of historic (pre-1997; Ecological Monitoring Program) and 

recent (post-1997; Keeyask environmental studies) fish abundance in Split 

Lake (A) and Stephens Lake (B), as indicated by catch-per-unit-effort 

(CUE; number of fish/standard gang set) 

A 

B 
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Figure 5-2: Summary of long-term effects to the fish community within (A) and downstream (B) of the Keeyask GS. Arrows indicate magnitude (thicker lines indicate greater magnitudes of effects) and type of 

effect (green = positive effect; red = negative effect; grey = no/minor effect; dashed = mitigated effect). Mitigation triangles: 1 = Access Management Plan; 2 = turbine/spillway design; 3 = trap 

and transport program; 4 = debris removal at stream mouths; 5 = spawning enhancements in reservoir; 6 = construction of escape channels at Little Gull Lake; 7 = creation of spawning habitat 

below GS; and 8 = construction of escape channels from spillway pools   
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Figure 5-2: Summary of long-term effects to the fish community within (A) and downstream (B) of the Keeyask GS. Arrows indicate magnitude (thicker lines indicate greater magnitudes of effects) and type of 

effect (green = positive effect; red = negative effect; grey = no/minor effect; dashed = mitigated effect). Mitigation triangles: 1 = Access Management Plan; 2 = turbine/spillway design; 3 = trap 

and transport program; 4 = debris removal at stream mouths; 5 = spawning enhancements in reservoir; 6 = construction of escape channels at Little Gull Lake; 7 = creation of spawning habitat 

below GS; and 8 = construction of escape channels from spillway pools  
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Figure 5-3: Relative abundance of fish species and catch-per-unit-effort (CPUE) of the total catch in standard gang index gill nets set during summer in the lower Nelson River reservoirs: Kettle reservoir (A); 

Long Spruce reservoir (B); and Limestone reservoir (C). The pre-impoundment fish community was estimated based on the fish community in the un-impounded reach of the Nelson River below the 

Limestone GS during summer 2003. The CPUE for the Kettle reservoir in 1988 and 1989 was calculated per overnight set rather than standardized to 24 hours. 
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KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY 5A-1 

5A.1 WALLEYE 

Walleye (Photo5A-1) spawn in the spring, generally close to ice break-up (water temperature 6 to 9°C), 

with lake populations spawning either in tributary streams or within the lake itself (Ford et al. 1995). 

Spawning typically occurs in streams or shallow inshore areas (water depth less than 2 metres [m]) over 

gravel, boulder, or rubble substrates where water flow is adequate for oxygenation and removal of waste 

products (i.e., at the base of rapids, falls, or riffles in streams or wind-swept shorelines in lakes) (McPhail 

and Lindsey 1970; Scott and Crossman 1998). Less commonly, walleye have been observed spawning 

over organic substrate and dead vegetation in northern Manitoba (Manitoba Hydro and NCN 2003), and 

over dead vegetation in marshes in Wisconsin (Priegel 1970). Walleye may not spawn in some years when 

water temperature is not favourable (Scott and Crossman 1998). Male walleye generally become sexually 

mature at two to four years of age and at approximately 340 mm, and females at three to six years of age 

and at approximately 370 millimetres [mm] (Scott and Crossman 1998). Walleye may live to 20 years in 

northern waters (Scott and Crossman 1998). 

 

Source: North/South Consultants Inc. 

Photo 5A-1: Walleye / pickerel / okaow / Sander vitreus 

It has been suggested that most female walleye release the majority of their eggs in just one night of 

spawning (Scott and Crossman 1998). The eggs are released, settling into gaps along the spawning 

substrate, and usually hatch within 12–18 days (Scott and Crossman 1998). Young walleye move into the 

upper levels of the open water approximately 10–15 days after hatching (Scott and Crossman 1998). 

Walleye are tolerant of a wide range of environmental conditions, but generally prefer large, shallow, 

semi-turbid lakes. The species tends to prefer turbid slow moving water in lakes and rivers, often 
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remaining near the bottom (Scott and Crossman 1998). They seek cover from sunlight under banks, 

sunken trees, rocky outcrops, weed beds, and by moving into deeper or more turbid waters during the 

day (Ryder 1977; Scott and Crossman 1998). As a result, walleye undergo diel changes in activity, moving 

into shallows at night to feed and retreating to cover during the day. During summer, walleye move into 

deeper water, possibly to avoid warming lake temperature, or in response to prey movements (Bodaly 

1980; Ford et al. 1995; Scott and Crossman 1998). Summer movements generally do not exceed 8 km, but 

movements of 100 km or more have been observed (Magnin and Beaulieu 1968, cited in Scott and 

Crossman 1998). Young-of-the-year walleye exhibit strong schooling tendencies and may segregate 

themselves from juvenile and adult walleye by using different microhabitats to avoid cannibalism. Winter 

habitat preferences are similar to those in summer, with the exception of an avoidance of strong currents 

(Scott and Crossman 1998).  

Walleye are opportunistic feeders. Young-of-the-year walleye feed predominantly on a variety of 

invertebrates and smaller fish species, including their conspecifics when other forage species are not 

readily available (Scott and Crossman 1998). As they mature, walleye become predominantly piscivorous, 

although they will still take advantage of various insect hatches and crayfish (Priegel 1963).  

Walleye use sub-carangiform locomotion. A 200 mm long walleye switches from a sustained swimming 

speed (which can be maintained indefinitely) to a prolonged swimming speed (which can be maintained 

for a period of time up to 30 minutes) at a water velocity of approximately 0.5 metres per second [m/s] 

and moves from a prolonged swimming speed to a burst swimming speed (which can be maintained for a 

period of time up to 10 seconds) at a velocity of about 0.9 m/s (Katopodis 1993; Appendix 5E). A 

500 mm long walleye makes the same changes at approximately 0.85 and 1.4 m/s. The pooled critical 

velocity (velocity at which fish moves from sustained to prolonged swimming) for 54 walleye of various 

sizes was found to be 0.56 m/s (Katopodis and Gervais 1991; Appendix 5E). 

Walleye populations are vulnerable to overexploitation, as they are highly sought after in domestic, 

commercial, and recreational fisheries. Walleye are also sensitive to effects to spawning habitat, which is 

often limited to a few locations. 

5A.2 NORTHERN PIKE 

Northern pike (Photo 5A-2) begin to spawn shortly after ice break-up at water temperatures of 4 to 11°C. 

Spawning occurs during the day in shallow (less than 0.5 m deep) water over heavily vegetated 

floodplains of rivers, marshes, and bays of larger lakes (Diana et al. 1977; Casselman and Lewis 1996). In 

northern populations, the age of sexual maturity is reached at five years for males and six years for 

females, and at approximately 400 mm in length for both sexes (Scott and Crossman 1998).  
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Source: North/South Consultants Inc. 

Photo 5A-2: Northern pike / jackfish / unchwapayo / Esox lucius 

Northern pike eggs typically hatch within 12–14 days at typical spawning temperatures but can hatch in 

as little as 4–5 days at higher water temperatures (between 17.8 and 20°C) (Scott and Crossman 1998). 

Once hatched, young northern pike are inactive for 6–10 days and are often found attached during this 

period to vegetation by way of adhesive glands (Scott and Crossman 1998).  

Northern pike inhabit vegetated areas of lakes and slow meandering rivers (McPhail and Lindsey 1970; 

Scott and Crossman 1998). Juvenile northern pike prefer habitats in quiet bays with adequate vegetation 

cover for both ambushing prey and seeking shelter from predators, such as larger northern pike 

(Chapman and Mackay 1990). Holland and Huston (1984) found that young northern pike were ten times 

more abundant in emergent vegetation and three times more abundant in submergent vegetation than in 

unvegetated areas. Adult northern pike prefer areas less than 5 m in depth for most of the year, moving 

into deeper water to overwinter (Diana et al. 1977; Inskip 1982; Scott and Crossman 1998). As an ambush 

predator, northern pike require cover (logs, weeds, stumps, boulders) to capture their prey (Inskip 1982), 

and are most commonly found in moderately vegetated areas along the interface between vegetation and 

open water (Inskip 1982; Randall et al. 1996; Casselman and Lewis 1996). Grimm (1989) suggested that 

waterbodies must contain more than 25% submerged macrophytes for a northern pike dominated fish 

community to exist.  

Northern pike are opportunistic feeders and will feed on whatever is readily accessible, including aquatic 

invertebrates, fish, ducklings, mice, and other small mammals (Lawler 1965). After the yolk is absorbed, 

the diet of northern pike consists mainly of larger zooplankton and some immature aquatic insects (Scott 
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and Crossman 1998). By the time YOY northern pike reach about 50 to 60 mm, fish comprise most of 

the diet, including their conspecifics (Scott and Crossman 1998; Hunt and Carbine 1951; Frost 1954). 

Northern pike locomotion is generally considered somewhere between that of anguilliform and sub-

carangiform swimming, and they display sustained and prolonged swimming speeds less than those of 

walleye (Katopodis and Gervais 1991). Critical velocity is 0.38 m/s for the species (Katopodis and 

Gervais 1991; Appendix 5E).  

Given their preference for vegetated habitat, northern pike are particularly sensitive to any disturbance to 

aquatic macrophyte beds. 

5A.3 LAKE WHITEFISH 

Lake whitefish (Photo 5A-3) spawn during fall once water temperatures drop below 8°C (Scott and 

Crossman 1998). Spawning is known to occur in both lakes (Ford et al. 1995) and rivers (Scott and 

Crossman 1998). In lakes, lake whitefish generally spawn in water less than 5 m deep (Ford et al. 1995; 

Anras et al. 1999), with depths as shallow as 1.5 m having been documented (Weagle and Baxter 1974). In 

rivers, water depth for lake whitefish spawning may be as shallow as 1 m (Green and Derksen 1987). A 

wide variety of substrates are used for spawning, typically ranging from large boulders to gravel and sand 

(Lawrence and Davies 1978; Fudge and Bodaly 1984; Anras et al. 1999); the use of silt substrates with 

emergent vegetation has also been documented (Bryan and Kato 1975). Lake whitefish reach sexual 

maturity between ages six and seven, and at approximately 360 mm in length. Lake whitefish do not 

necessarily spawn every year (Scott and Crossman 1998).  

Source: North/South Consultants Inc. 

Photo 5A-3: Lake whitefish / whitefish / atikameg / Coregonus clupeaformis 
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Lake whitefish eggs incubate over winter, and hatch between March and May (Scott and Crossman 1998). 

After emerging from the substrate, larvae are planktonic for a period that may last several weeks. Initially 

located near spawning grounds, they soon become widely distributed by wind and currents. During their 

larval period, lake whitefish have little control over their direction of movement, although they are able to 

control their buoyancy, typically rising to the surface in the evening and descending again in the morning 

(Cucin and Faber 1985, cited in Richardson et al. 2001).  

Post-larval juveniles remain in shallow water where they can use a variety of substrates, provided cover is 

available (Ford et al. 1995). Young-of-the-year lake whitefish generally move from shallow inshore water 

to deeper water by early summer (Scott and Crossman 1998). Adult lake whitefish typically occur in deep, 

cold-water lakes, where they are found at depths greater than 10 m over a wide variety of substrates. Lake 

whitefish are a demersal species, spending most of their time near bottom; however, they have been 

observed moving into shallow water habitats periodically, usually at night, to feed (Anras et al. 1999). Lake 

whitefish are a schooling species, with large schools often found in a very small area. While movements 

greater than 150 km have been observed, movements by the species are typically considerably shorter 

(Scott and Crossman 1998). 

Lake whitefish are typically bottom feeders, but pelagic feeding and surface feeding have been observed 

(Scott and Crossman 1998). Benthic invertebrates are the preferred dietary item (primarily small clams 

and amphipods), but fish, zooplankton, and terrestrial invertebrates are also consumed. The diet of YOY 

lake whitefish consists mainly of zooplankton until they move to deeper water later in the open-water 

season, at which point they consume more benthic invertebrates and fish eggs (Scott and Crossman 1998; 

Becker 1983). 

As a species that uses sub-carangiform locomotion, lake whitefish swimming speeds are very similar to 

those of walleye, with shifts from sustained to prolonged swimming and from prolonged to burst 

swimming at comparable velocities (described in Appendix 5E). Critical velocity for lake whitefish is 

0.55 m/s (Katopodis and Gervais 1991; Appendix 5E). 

Lake whitefish prefer cold water and, consequently, are sensitive to increases in water temperature at 

depth, as well as oxygen depletion. Spawning areas are particularly vulnerable, as eggs remain on the 

substrate for the entire winter where they are vulnerable to water level fluctuations (eggs may become 

exposed and frozen if water levels decline significantly between late fall and late winter), oxygen 

depletion, and sedimentation. Lake whitefish may also be affected by changes in the abundance of 

benthic invertebrates, which are their primary food source. 
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5B.1 FIELD DATA COLLECTION AND ANALYSIS 

A summary of fish community and movement studies conducted between 1997 and 2006 is presented in 

Table 5B-1. The field program was grouped into eight primary components (although activities among 

the components often overlapped), as follows: 

 Habitat-based community assessment; 

 Spring spawning habitat; 

 Fall spawning habitat;  

 Overwintering habitat; 

 Tributary use; 

 Drifting biomass; 

 Stream crossing assessment; and 

 Fish movements. 

5B.1.1 HABITAT-BASED FISH COMMUNITY 

ASSESSMENT 

This study was conducted to provide a replicable, habitat-based description of the fish community of 

study area waterbodies. Habitat types fished are described fully in Section 3.0. In summary, fish habitat 

was classified based on water depth, water velocity, substrate compaction, substrate composition, and 

presence of aquatic macrophytes (Section 3.0). These habitat classifications were further grouped into 

biologically meaningful habitat types in order to describe rearing and foraging habitat in the study area 

(Table 5B-2). These general habitat classifications were also applied in the post-Project to the Keeyask 

reservoir (Table 5B-3). The gear types used as part of the habitat-based assessment included standard 

gang index gill nets, boat electrofishing, small mesh index gill nets, and seine nets. In all waterbodies, sites 

were chosen to sample available habitat types, with emphasis on the most common habitat types. If a site 

spanned a composite of habitat types, the overall designation for that site was the dominate habitat type.  

Standard gang index gill nets, which are the standard sampling gear used by Manitoba Fisheries Branch, 

were used to inventory lentic fish communities (Assean Lake, Split Lake, Clark Lake, portions of the 

Nelson River between Clark and Gull lakes, Gull Lake, and Stephens Lake). Index gill nets were set in 

each waterbody over two or three summers between 1999 and 2004 (Photo 5B-1). These results were 

combined with the results of similar studies conducted in Split and Clark lakes in 1997 and 1998 (Fazakas 

and Lawrence 1998; Fazakas 1999), the York Landing arm of Split Lake in 1999 (Mota and MacDonell 

2000), and in Stephens Lake in 1999 (Bretecher and MacDonell 2000). Index gangs consisted of six 

panels (22.9 × 1.8 m) with stretched mesh sizes ranging from 1.5" (38 mm) to 5.0" (127 mm).  
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Source: North/South Consultants Inc. 

Photo 5B-1: Aquatic environmental studies crew checking a standard gang index gill 

net in the study area 

During late summer in 2003 and 2004, the fish community in the Keeyask area was also sampled with 

boat-based electrofishing, particularly in areas with medium to high velocities that could not be fished 

effectively using gill nets. These surveys were conducted using a Smith-Root (Type VIA) electrofishing 

system powered by a 5,000 W portable generator and mounted to a 5.5 m long aluminum boat with a 175 

horsepower inboard Sport Jet-Drive motor. The electrofishing unit was run between 707–884 V, 3–6 A, 

60 pulses per second, and a pulse width of 3–6 milliseconds. Because of gear-specific difference in the 

relative abundance of fish species sampled by electrofishing compared to gill nets, the habitat-specific 

electrofishing data has not been included in the discussion of fish use of habitat in the Keeyask area.  

Small mesh index gill nets were used to sample the forage fish community (forage fish included all fish 

species that remain small-bodied in adult stage, such as rainbow smelt) of the same waterbodies surveyed 

with standard gangs (Photo 5B-2). These gill nets consisted of three panels (10.0 × 1.8 m) with stretched 

mesh sizes ranging from 16 to 25 mm. 

Seine nets were also used to sample forage fish during the summer in Gull Lake, in the Nelson River 

below Birthday Rapids, and in Gull Rapids in 2002 and 2003, and in Clark Lake in 2004 (Photo 5B-3). 

Seine nets consisted of a 15 m long by 1.5 m deep panel of 4 mm mesh. 
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Source: North/South Consultants Inc. 

Photo 5B-2: Forage fish caught in a small mesh index gill net in the study area 

 

Source: North/South Consultants Inc. 

Photo 5B-3: Pulling a seine net to sample the fish community in the littoral zone  
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In addition to providing an assessment of fish species composition, relative abundance (%), and CPUE 

data, information on fish size, condition, and sex and state of maturity were also obtained from fish 

captured (Photo 5B-4). Catch-per-unit-effort was expressed in different units for each gear type: for 

standard gangs, number of fish captured in a 100 m net set for 24 hours (h); for small mesh gangs, 

number of fish captured in 30 m net set for 24 h; and for seine nets, number of fish captured in a 10 m 

haul. Dietary and age data were obtained from VEC fish species captured as part of the index gillnetting 

programs. Fish captured in standard gang index gill nets were examined for DELTs. Fish captured were 

classified as YOY based on the following length limits: 120 mm for walleye; 150 mm for northern pike; 

and 100 mm for lake whitefish.  

 

Source: North/South Consultants Inc. 

Photo 5B-4: Aquatic environmental studies team members processing fish captured as 

part of fish community studies  
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A specific survey was conducted in Stephens Lake to provide information to develop models to infer fish 

species distribution in the proposed Keeyask reservoir. Fish were sampled in Stephens Lake using two 

types of gill nets (small mesh index gill nets, as described above, and nets consisting of two panels [22.9 × 

1.8 m] of 38 and 51 mm mesh). Both types of gill nets were set at sites representing specific habitats in 

both the main basin of the lake and in Ross Wright and O‟Neil bays in the summer of 2005. Size and diet 

information were recorded for large-bodied species. 

5B.1.2 SPRING SPAWNING HABITAT 

This study was conducted to provide information on spawning locations for walleye, northern pike, and 

white sucker. A variety of gear types were employed from mid-May to early July from 2001 to 2006 

throughout the study area to capture adults of the target species, including short duration (2–4 h) sets of 

tagging gill nets (51–127 mm mesh), boat electrofishing (Smith-Root Type VIA electrofishing system and 

5.5 m aluminum boat), angling (barbless hooks and heavy test line), snaring (common snare wire attached 

to long pole), hoop nets (1.2 m diameter opening and 25 mm mesh; Photo 5B-5), and dip nets (0.6 m 

opening with fine mesh net). Fish captured were assessed for sexual maturity to help assess the location 

of spawning habitat.  

 

Source: North/South Consultants Inc. 

Photo 5B-5: Hoop net set in the study area 
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Larval drift traps (Burton and Flannagan 1976) were also employed during this time period to identify 

potential spawning habitat in tributaries (Photo 5B-6; small trap [15 × 15 cm opening with 

500 micrometre (µm) collecting net]; Assean River, North Moswakot River, South Moswakot River, 

Portage Creek, Nap Creek, Fork Creek, Two Goose Creek, Gull Rapids Creek, Pond 13) and the 

mainstem (large trap [43 × 85 cm opening with 950 µm collecting net]; below First Rapids, Birthday 

Rapids, and Gull Rapids, and in Gull Lake). Kick nets (0.5 m diameter D-ring frame and 500 µm 

collecting net) were used to sample fish eggs in Gull Rapids Creek and Pond 13 during May 2005 and 

2006.  

Potential spawning sites were also assessed through tracking of radio-tagged and acoustic-tagged fish as 

described in the Fish Movements section below. 

 

Source: North/South Consultants Inc. 

Photo 5B-6: Setting a drift trap to capture drifting larval fish and eggs 

5B.1.3 FALL SPAWNING HABITAT 

This study was conducted to provide information on spawning locations for lake whitefish. Adult lake 

whitefish were captured throughout the study area from late September to mid-October from 2001–2004 

using short duration (2–4 h) sets of tagging gill nets (51–127 mm mesh) and hoop nets (as described 
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above). Any lake whitefish captured were assessed for sexual maturity to help assess the location of 

spawning habitat. 

At the onset of the open water season (usually mid-May to early June, 2001–2006), sampling was 

conducted to capture larval lake whitefish as they emerged from the substrate. A modified neuston 

sampler (Mason and Philips 1986; Mota et al. 2000; 45 × 45 cm opening with 500 µm collecting net) was 

used from 2001–2004 in lentic habitats (Clark Lake, Stephens Lake, Gull Lake; Photo 5B-7), while drift 

traps (as described for the spring spawning study) were used to sample lotic habitats.  

Potential spawning habitats were also assessed through tracking of radio- and acoustic-tagged lake 

whitefish as described in the Fish Movements section below. 

 

Source: North/South Consultants Inc. 

Photo 5B-7: Performing a neuston tow to capture drifting larval fish 

5B.1.4 OVERWINTERING HABITAT 

This study was conducted to provide information on potential overwintering habitat in areas where it was 

felt that the Project could potentially adversely affect some characteristic of overwintering habitat  

(e.g., water velocity, dissolved oxygen). Fish implanted with radio-tags were tracked periodically during the 
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winter months from 2001 to 2004 to identify overwintering habitat for VEC species as described in the 

Fish Movements section below.  

5B.1.5 TRIBUTARY USE 

This study was conducted to assess fish use of several study area tributaries. The fish communities of 

these tributaries, including streams and rivers flowing into Split Lake (Aiken, Mistuska, Ripple Rivers), 

Clark Lake (Assean, Hunting, and Crying Rivers), Gull Lake and the upstream section of the Nelson 

River (Portage, Two Goose, Nap, Fork, Sam Bay, Gull Rapids, and Pond 13 Creeks), and Stephens Lake 

(North and South Moswakot Rivers), were sampled during spring and fall as part of the spawning studies 

using a variety of gear types (e.g., hoop nets, gill nets, and drift traps). In addition to the data collected 

during these programs, additional surveys were conducted in the Keeyask area. 

Backpack electrofishing was used to assess the fish community in eight of the tributary creeks (Nap, Two 

Goose, Portage, Trickle, Rabbit, Ox Bay, Effie, and Gull Rapids Creeks) of the Nelson River between 

Birthday Rapids and Stephens Lake due to their small size (Photo 5B-8). Fish species composition and 

abundance was assessed within 50 to 100 m sections of each stream during the spring and/or fall of 2002 

and 2003 using a backpack electrofisher. Catch-per-unit-effort was expressed as the number of fish 

caught per 100 seconds of fishing effort. 

 

Source: North/South Consultants Inc. 

Photo 5B-8: Aquatic environmental studies team member conducting a backpack 

electrofishing survey in the study area 
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The fish communities of two small headwater lakes in the Keeyask area, Carscadden Lake and Little Gull 

Lake, were assessed during August 2002 using seine nets (as described earlier) and index gill nets 

(standard gangs and small mesh, as described earlier). 

Comparisons of CPUE among tributaries and lakes could not be made because of the variety of gear 

types used and associated differences in CPUE calculations. Instead, comparisons were made using the 

relative abundance of fish species in the catches. 

5B.1.6 DRIFTING BIOMASS 

Drift traps were set during the open water season to describe, both spatially and temporally, the 

abundance and distribution of fish biomass drifting in the study area, and to provide the basis for 

assessing potential changes in production from specific areas (i.e., Birthday Rapids, Gull Rapids) 

associated with the Project. Large drift traps (as described earlier) were set once overnight at sites located 

above and below Birthday Rapids, above and below Gull Rapids, and below the Kettle GS at monthly 

intervals over the open water season (June-October) in 2003 and 2004. Drifting fish biomass in 2003 was 

expressed quantitatively as drift density (number of fish/cubic metre). 

5B.1.7 ACCESS ROADS STREAM CROSSINGS 

ASSESSMENT 

This study was conducted to assess fish use of streams crossed by the North and South Access Roads. 

Data on fish species composition and abundance during the open-water season were obtained from 20 to 

100 m long sections of five stream crossings in fall 2004 and/or spring 2005 and from Gull Rapids Creek 

Lake during July 2005. Due to the small size of the streams, it was not possible to assess fish populations 

in winter with gill nets. A variety of gear types were used to sample fish including: electrofisher (boat or 

backpack unit, as described earlier); gill nets (standard gang index gill nets, as described earlier, and one 

panel [22.9 × 1.8 m] of 38 or 95 mm mesh); seines (as described earlier); hoop nets (large net as described 

earlier and smaller, 0.6 m diameter opening and 25 mm mesh); and kick nets (as described earlier). 

To provide information on the potential of these waterbodies to overwinter fish, the three crossings that 

were accessible in March 2005 and the two north access road crossings in February 2009 were sampled 

for flowing water. In March 2005, DO was measured at the unnamed tributary of the South Moswakot 

River approximately 1 km upstream of the crossing location at the outlet of a small headwater pond due 

to poor access at the crossing location. 

5B.1.9 FISH MOVEMENTS 

This study was conducted to: a) gain a general understanding of VEC species‟ movements within the 

study area; b) assess whether fish move upstream and/or downstream through Long Rapids, Birthday 

Rapids, and Gull Rapids; and c) document concentrated movements of fish that can be used to identify 

important habitat, such as spawning locations. Information on fish movements was obtained from 
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recaptures of large numbers of Floy®-tagged fish and through repeated tracking of a relatively small 

number of radio-tagged and acoustic-tagged fish. 

Fish were marked with individually numbered plastic Floy® FD-94 T-bar anchor tags throughout the 

study area between 1999 and 2005 (Photo 5B-9). These tags were applied between the basal 

pterygiophores of the dorsal fin using a Dennison Mark II tagging gun. A total of 15,180 fish were 

tagged, including 5,472 walleye, 7,995 northern pike, and 1,713 lake whitefish. The majority of individuals 

(8,158 fish) were tagged in Reach 1 (the Split Lake Reach). Fish selected to receive tags were captured 

using a variety of gear types (e.g., gill nets, hoop nets, electrofishing, angling, snaring) at numerous 

locations throughout the study area. The recapture of marked fish was recorded during all North/South 

Consultants fisheries programs conducted in the study area, including those focused on lake sturgeon (as 

described in Section 6.0), as well as any recaptured further downstream (e.g., Conawapa GS 

Environmental Studies Program, Lower Nelson River Aquatic Studies). The return of Floy®-tags (or tag 

numbers), and the associated catch information (i.e., where and when fish were captured), from local 

fishers was promoted using posters offering rewards in Split Lake, Gillam, and Thompson.  

 

Source: North/South Consultants Inc. 

Photo 5B-9: A walleye marked with a Floy®-tag as part of fish movement studies  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY  5B-11 

Thirty walleye, 14 northern pike, and 10 lake whitefish captured in Gull Lake (44 fish) or Stephens Lake 

(10 fish) were tagged with radio-transmitters (model MCFT-3A, Lotek Engineering Inc., Newmarket, 

Ontario) in the spring or fall of 2001 (Photo 5B-10). Radio-tagged fish were relocated from the air 

periodically between June 2001 to February 2004 using a helicopter equipped with a Lotek model 

SRX-400 receiver and a single „yagi‟ antenna. An additional 20 lake whitefish were implanted in 2001 with 

acoustic-transmitters (model V16-4H-01-SHK1-R256, Vemco Ltd., Shad Bay, NS) in Gull Lake (10 fish) 

or Stephens Lake (10 fish; Photo 5B-11). These fish were tracked from June to October of 2001–2004 

using 10 Vemco VR1 and VR2 submersible stationary receivers (positioned near the upstream and 

downstream sides of both Birthday Rapids and Gull Rapids) and by manual tracking by boat using a 

Vemco VR-60 ultrasonic receiver. 

 

Source: North/South Consultants Inc. 

Photo 5B-10: Aquatic environmental studies team member surgically inserting a radio 

tag into a walleye (note gill irrigation removed temporarily while photo 

was taken) 
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Source: North/South Consultants Inc. 

Photo 5B-11: Aquatic environmental studies team member surgically inserting an 

acoustic tag into a lake whitefish 

5B.2 IMPACT ASSESSMENT ANALYSIS 

A habitat evaluation model was developed to estimate potential fish use of habitats at various time steps 

after impoundment for comparison with habitat use in the existing Upstream Keeyask Area. The before-

and-after comparison was based on the change in area and proportion of aquatic habitat types and 

associated CPUE of each of the VEC species and VEC fish communities. The main steps in model 

development and application, in sequence, were: 

1. Estimate fish use of different habitat types in the existing environment; 

2. Calculate the area of each habitat type in the Upstream Keeyask Area existing environment 

(Appendix 3D); 

3. Estimate area of the habitat types in Year 30 post-Project (Appendix 3D); 

4. Modify the Year Thirty habitat areas for intermediate time steps (Years 1, 5, and 15) 

(Appendix 3D); 

5. Estimate useable habitat areas in the Intermittently Exposed Zone (Appendix 3D); 

6. Modify fish use metrics at the intermediate time steps; and 
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7. Model potential fish use of habitats and change habitat value and area in the Upstream 

Keeyask Area at each time step. 

1. Estimate Fish Use of Different Habitat Types in the Existing Environment 

Study area locations sampled with gill nets during summer 1997 and 1998 (Fazakas and Lawrence 1998; 

Fazakas 1999), 2001–2003, and 2004 (Clark Lake only) were classified according to water depth and 

velocity, substrate compaction and composition, and the presence or absence of rooted aquatic 

vegetation.  

Based on the study area catch records, a habitat-specific CPUE was calculated for each VEC fish species 

as well as for the large-bodied and forage fish species assemblages by averaging the site-specific values of 

standard gang and small mesh index gill nets (Table 5B-4). Assean Lake catch data were not included in 

the calculation of habitat-specific CPUEs as this lake was found to have a substantially different fish 

community composition than other study area waterbodies. 

Of the 21 habitat types present in the Upstream Keeyask Area existing environment or predicted to be 

present in the post-impoundment environment, nine had not been sampled during the study area 

sampling conducted between 1997 and 2004 due to their absence or scarcity in the study area 

waterbodies. In these cases, a CPUE value was estimated using surrogate values from similar habitat 

types that were sampled and professional judgment. For example, CPUE values for habitats with organic 

substrates, which were not sampled previously in the study area, were generated by discounting the 

corresponding soft mineral substrate habitat CPUE by 50% based on low CPUE values observed in 

water bodies characterized by an abundance of organic matter, such as Notigi Lake (Table 5-2). 

No high velocity habitats (velocity more than 1.5 metres per second) were sampled in study area sampling 

between 1997 and 2004 owing to methodological challenges and safety concerns. Consequently, the 

CPUE values for the corresponding medium velocity habitat types were used as surrogates for the two 

high velocity habitats. However, the medium velocity CPUE values were discounted by 75% based on an 

assumption that fish use of high velocity habitats would be that much lower.  

2. Calculate the Area of Each Habitat Type in the Existing Environment  

The areas of habitat types present in the existing environment were calculated using geographic 

information system analysis and are shown in Appendix 3D.  

3. Estimate Area of the Habitat Types in Year 30 post-Project 

Estimates of specific habitat areas were based on a habitat model described in Section 3. Areas of each of 

the Year 30 post-Project habitat types are provided in Appendix 3D. 

4. Modify the Year 30 Habitat Areas for Intermediate Time Steps (Years 1, 5, and 15) 

Change to aquatic habitats in the existing environment and the evolution and expansion of habitats in the 

reservoir that are predicted to occur due to shoreline erosion, peat disintegration and sediment transport 

processes along with the loss and subsequent development over time of aquatic plant beds, were 

described for Year 1, 5, 15, and 30 time steps and tabulated (Appendix 3D). These area estimates were 
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used to provide a comparison between habitat conditions in the existing Upstream Keeyask Area 

environment with habitat changes in the reservoir over time.  

5. Estimate Useable Habitat Areas in the Intermittently Exposed Zone  

Depending on the mode of operation, (peaking mode or base loaded), shallow water habitats at each 

Year 1, 5, 15, and 30 time step (Table 3D-1) may be more or less exposed to air on a frequent or 

infrequent basis. Intermittent exposure to air would have the effect of reducing the area of shore zone 

habitats that would be useable by fish and also would affect the biological productivity in those exposed 

areas. Estimates and assumptions regarding the effect of mode of operation on useable shallow water 

habitat areas are described in Appendix 3D.  

6. Modify Fish Use Metrics at Intermediate Time Steps  

It is anticipated that fish use of aquatic habitats in the downstream portion of the Keeyask reservoir 

(Reaches 5–9A in Map 3-26) would be affected by predicted changes in the dissolved oxygen (DO) and 

TSS concentrations in the early years post-impoundment. No similar effects are expected in the upstream 

reaches 2A-4 (Map 3-26). Analysis and discussion of DO and TSS predictions post-impoundment is 

presented in Water and Sediment Quality (Section 2).  

Predicted changes to DO and TSS have potential negative consequences on fish use of habitats and 

habitat productivity. Consequently, modifications to the fish use metric (CPUE) to account for potential 

negative effects were undertaken. The CPUE modifications were confined to those portions of each 

habitat type that would be in the lower reaches (5–9A) of the reservoir.  

Dissolved Oxygen  

The DO regime was modelled as critical week bottom summer values in Year 1 and Year 5 (described in 

Section 2). Based on modelling results, some aquatic habitats, primarily those located in newly flooded 

terrestrial areas, would, under conditions specified in the model, be of reduced foraging value to fish 

because of near bottom hypoxic conditions created by the increased oxygen demand associated with 

disintegrating peat and organic substrates. Areas predicted to be more severely affected by reduced 

dissolved oxygen concentrations (bottom DO less than 2 mg/L) were associated with off-current habitats 

characterized by standing water with soft organic substrates. The total area of habitats with DO less than 

2 mg/L was proportionally allocated to those habitat types. Areas predicted to be less severely affected by 

reduced dissolved oxygen concentrations (bottom DO greater than or equal to 2 mg/L but less than or 

equal to 6.5 mg/L) also included shallow water low velocity habitats as well as areas of deep, standing 

water habitat.  

Habitat-specific fish use metrics (CPUE) used in Step 7 to follow, were modified to account for DO 

effects on fish behaviour (i.e., avoidance of low DO areas), mortality (of eggs), and growth:   

 Where DO was greater than or equal to 2 mg/L at the bottom, habitat was considered not useable by 

fish and the habitat-specific CPUE was set to zero for the DO affected portion of the habitat ; 

 Where DO was greater than or equal to 2 mg/L but less than or equal to 6.5 mg/L at the bottom, 

habitat was considered less suitable and the habitat-specific CPUE was reduced by 50% for the DO 

stressed portion of the habitat; and  
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 Where DO was more than 6.5 mg/L at the bottom, it was assumed that there would be no DO 

related negative effects on fish use of habitats. 

Total Suspended Solids 

Total suspended solids are predicted to increase in the first year following impoundment of the Keeyask 

reservoir (Section 2). The majority of the increase in TSS is predicted to come from peat disintegration 

processes and thus result in a large organic component of the TSS. Depending on location, average 

increase in TSS is expected to range from:  

 Less than 5 mg/L in mainstem lotic Zones 1, 2, and 3 (Map 2-22);  

 8–22 mg/L in lentic habitats found in Zones 4, 5, 10, 12, and 13;  

 40–86 mg/L in lentic habitats found in Zones 7, 8, 9, and 11. 

Elevated organic TSS levels are predicted to persist for only a few hours at certain locations (e.g., Zone 5) 

but would extend for days to weeks or months in other locations. TSS increases are also likely to exceed 

the predicted average increases on occasion because of re-suspension of bottom organic material and 

site-specific increase in shoreline erosion due to wind/wave events. On other occasions, TSS 

concentrations are likely to be below the predicted range of average concentrations. By the end of the 

first year after impoundment, TSS increase is expected to drop sharply as the source of particulates 

diminishes (Section 2). 

Increases in TSS of the aforementioned magnitude and duration are expected to have a short-term effect 

on the fish community as follows:  

 By preventing or reducing the successful development of eggs and larvae of certain fish species  

(e.g., northern pike) that might spawn in shallow lentic environments;  

 By altering fish use of habitats and their movements within the reservoir; and  

 By reducing the availability and catchability of food.  

EIFAC (1964) guidelines for the protection of inland fisheries suggest that waters with chronic TSS 

concentrations in the 25–80 parts per million (mg/L) range should support good to moderate fisheries 

with yields “somewhat diminished” relative to waters with less than 25 parts per million TSS.  

DFO (in Government of Canada 1993) indicates that sediment increases resulting from placer mining 

operations in the 25–100 mg/L range would pose a “Low Risk” to fish and their habitat.  

In New Zealand, Hayes et al. (1992) concluded that TSS concentrations in the range of 20–40 mg/L had 

little effect on the fish community of a shallow water lake when compared to a similar lake with TSS 

levels of 5 mg/L. Numerous indices (CPUE, condition, size) were higher in the turbid lake and also were 

higher in the turbid portions of the clear lake. 

Considering the range of concentrations predicted to occur over an approximate one year period in the 

Keeyask reservoir, and the guidance provided by the EIFAC and DFO that relate to the risks to fish and 

fish habitat, it is suggested that TSS effects in the Upstream Keeyask Area could result in a 10% 
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reduction in fish habitat productivity that would persist for one year. It is suggested that this reduction be 

applied across all shallow, low velocity and standing water habitat types plus all deep, standing water 

habitat types in the lower reaches (5–9A) of the reservoir. The short-term (one year) reduction in habitat 

use/productivity related to increases in TSS concentration is in addition to the predicted decreases in 

habitat production/use by fish as a result of depressed DO that would accompany shoreline erosion and 

peat disintegration processes, including organic and mineral sedimentation, peat resurfacing and the 

formation of peat islands.   

In summary, predicted increases in TSS in the first year of impoundment are expected to affect fish and 

fish use of habitats in the newly impounded reservoir. It was assumed that the forage value and fish use 

of all Year 1 Shallow-Standing water and Low Velocity habitats, plus all Deep-Standing water habitats 

would be reduced by 10% as a result of increased TSS levels.  

The fish use metric (CPUE) of habitats used in Step 7 (to follow) was decreased by 10% at all Shallow-

Standing water and Low velocity habitats, plus all Deep-Standing water habitats. TSS effects are not 

predicted beyond Year 1 (Section 2). 

7. Model Change in Fish Use of Habitats and Habitat Value and Area in the Upstream 

 Keeyask Area at Each Time Step  

Two approaches, both based on an assumption that CPUE data reflect fish use of habitats in which they 

were caught, were used to evaluate the potential effects of reservoir creation and operation on the 

Upstream Keeyask Area fish community. The first approach predicts change to fish density (CPUE) 

associated with predicted habitat changes resulting from flooding and ongoing operation of the 

generating station. The second approach evaluates changes in area and suitability of habitats available to 

and used by VEC species. Both approaches use CPUE data described in Step 1. 

Change in Fish Use of Habitats  

Using CPUE data for each habitat type (Table 5B-4 from Step 1), a weighted mean CPUE (CPUEw) was 

calculated for each VEC at each time step for each mode of operation (i.e.., 158 m above sea level [ASL] 

base loaded, 159 m ASL base loaded, and weekly cycling [peaking] between at 158 m and 159 m ASL). 

CPUEw = (Σ [Areahab × CPUEhab]) † (Σ Areahab) 

where:   CPUEw = weighted mean CPUE for Upstream Keeyask Area; 

  Areahab = useable area (ha) of each habitat type (as per Step 5); and 

CPUEhab = mean CPUE for each habitat type (modified as required per Step 6). 

The calculated CPUEw values for each Year 1, 5, 15, and 30 time steps are presented in Table 5B-5. 
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Change in Habitat Value and Area 

A habitat ranking procedure, described in the following paragraphs, was used to predict potential changes 

in fish use of (value) and quantity of (area) fish habitat in the Upstream Keeyask Area as a result of 

creation and operation of the Project. The ranking of habitat value involved the calculation of a Relative 

Abundance Index (RAI) for each habitat type using fish CPUE data from habitat-based summer 

gillnetting at waterbodies in the study area. The validity of the model is based on an assumption that fish 

density associated with a habitat type would increase with increasing habitat suitability. CPUE data have 

been used elsewhere to model habitat suitability (Gallaway et al. 1999; Morris and Ball 2006) or to validate 

habitat evaluations that have employed Habitat Suitability Indices (HSI), assuming one should expect a 

close correspondence between CPUE data and HSI values (Brown et al. 2000).  

The CPUE-based approach involved assigning each habitat type (T) in the pre- and post-Project 

environments (Section 3) an RAIT value. Then, by multiplying the area of the habitat (HT) by its RAIT, a 

Weighted Suitable Habitat Area for each habitat type (WSHAT) for each VEC.    

For each VEC, the RAIT was calculated by dividing the CPUE associated with a specific habitat type 

(CPUET) by the maximum habitat-specific CPUE (CPUEMAX) observed in study area waterbodies for 

that VEC.  

1. RAIT = CPUET/CPUEMAX 

The ratio of CPUET to CPUEMAX provides a value between 0 and 1 that was then used to calculate the 

Weighted Suitable Habitat Area (WSHAT) of a habitat type (HT) by multiplying its area by its RAIT. 

2. WSHAT = HT (ha) × RAIT 

The individual WSHAT of all habitat types in the existing Upstream Keeyask Area were then summed to 

provide a total WSHA value for each VEC.  

3. Total existing environment WSHA = Σ all existing environment WSHAT  

The same procedure was followed for each habitat type predicted to be present in the Year 1, 5, 15, and 

30 post-Project environments. The ratio of predicted (post-Project) WSHA to existing (pre-Project) 

WSHA was calculated for each VEC at each post-Project time step to estimate Project effects on the 

potential fish use of combined fish habitats in the Upstream Keeyask Area. 

4. Post-Project WSHA/Existing WSHA = gain/loss in potential fish use of habitats  

(i.e., productive capacity). 

Results of the predicted changes in habitat value and area are presented in Table 5B-6. 

Detailed Steps 

Detailed steps that were taken to calculate a Weighted Suitable Habitat Area (WSHA) for each VEC 

(walleye, northern pike, lake whitefish, white sucker, rainbow smelt, large-bodied fish combined, and 

forage fish combined) follow. 

  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY  5B-18 

Upstream Keeyask Area Existing Environment 

1. Calculated the areas (ha) of each habitat type: H1, H2, H3, ….. H20) in the Upstream Keeyask 

Area existing environment (Appendix 3D).  

2. Derived the CPUE statistic of the VEC for each habitat type in the pre-Project Upstream 

Keeyask Area (compiled from summer gillnetting data from study area waterbodies). 

3. Calculated the VEC-specific Relative Abundance Index (RAI) of each of the habitat types in 

the existing environment. This involved: 

a. Using the CPUE for each habitat type, calculating a VEC-specific RAI for each 

habitat (H) by dividing the CPUE for a specific habitat type by the maximum CPUE 

observed or estimated in that habitat. Thus, RAIH1 = CPUEH1/CPUEMAX. 

b. Repeating this calculation for each habitat type to obtain RAIH1, RAIH2, RAIH3, …. 

RAIH20). 

4. Calculated the VEC-specific Weighted Suitable Habitat Area (WSHA) for each habitat type 

by multiplying each habitat area (H) by its RAI value: 

WSHA1 = H1 (ha) × RAIH1 

WSHA2 = H2 (ha) × RAIH2 

…. 

…. 

WSHA20 = H20 (ha)×RAIH20. 

5. Calculated the VEC-specific Weighted Suitable Habitat Area in the Upstream Keeyask Area 

by summing habitat-specific WSHAs for all habitat types in the existing environment  

(i.e., Total WSHA = WSHA1 + WSHA2 + WSHA3 +….WSHA20. 

6. Steps 1 through 5 were repeated for each VEC.  

 

Upstream Keeyask Area Post-Project Environment 

The same procedure was applied to each VEC species for each proposed operating scenario in the post-

Project environment for each of the Year 1, 5, 15, and 30 time steps:  

 Peaking between 158 and 159 m ASL;  

 Base loaded at 158 m ASL; and 

 Base loaded at 159 m ASL.  
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When calculating the RAI (Step 3 above) in the post-Project environment, the CPUE associated with 

certain habitats were modified prior to performing the calculation: 

 To account for depressed DO conditions in Years 1 and 5, portions of certain habitats in the 

reservoir were assigned a CPUE of 0, were discounted 50%, or were not modified (described in 

Step 6 – Modification of Fish Use Metrics for Intermediate Time Steps).  

 To account for elevated TSS condition in Year 1, the CPUE of certain habitats in the reservoir was 

reduced by 10% (described in Step 6 – Modification of Fish Use Metrics for Intermediate Time 

Steps). 

The proportional change in the Weighted Suitable Habitat Area for each VEC species was determined by 

dividing the post-Project WSHA by the WSHA in the existing environment of the Upstream Keeyask 

Area. 
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Table 5B-1: Summary of approach and methods used for fish community and movement studies in the Keeyask area, 

1997–20081 

Study Objective Method Equipment Location2 Time of Sampling 
Number of 

Sites3 

Habitat-based 

fish community 
assessment 

To provide 

replicable 
habitat-based 

description of the 
fish community 

of study area 
water bodies. 

a) standard gang 

index gill nets 

6 panels (22.9 × 1.8 

m) of 38, 51, 76, 95, 
108, and 127 mm 

stretched twisted 
nylon/monofilament 

mesh 

SPL 
Aug 1997-98, 2001-02, 
2004 

106 

NR Oct 1999; Aug 2001-02 32 

GR Aug 2002-03 9 

STL Aug 1999, 2002-03 85 

b) small mesh 
index gill nets 

3 panels (10 × 1.8 

m) of 16, 20, and 25 

mm stretched 
twisted nylon mesh 

SPL Aug 2001-02, 2004 52 

NR Aug 2001-02 48 

GR Aug 2002-03 8 

STL Aug 2002-03 39 

c) boat 
electrofishing 

5.5 m aluminum 

boat with inboard 

motor and Smith-
Root Type VIA 

electrofishing 
system  

NR Aug-Sep 2003-04 93 

d) seine nets 
1 panel (15 × 1.5 m) 

of 4 mm mesh 

SPL Aug 2004 7 

NR Sep 2001; Aug 2002-03 52 

GR Aug 2003 2 

e) aquatic habitat 
modelling 

i) small mesh index 

gill nets as described 
above; and                                              

ii) 2 panels (22.9 × 

1.8 m) of 38 and 51 
mm stretched 

twisted nylon mesh  

STL Jul-Aug 2005 92 

Spring 
spawning 

habitat 

To identify 

habitat used for 
spawning by 

northern pike, 
walleye, and 

white sucker. 

a) drift traps 

i) 43 × 85 cm 
opening with 950 

µm Nitex collecting 
net (large);or                                        

ii) 15 × 15 cm 

opening with 500 
µm Nitex collecting 

net (small) 

SPL May-Jul 2001-02 i) 6     ii) 2 

NR May-Jul 2001-04 i) 39   ii) 10 

GR 
Jun-Jul 2001-04; May 

2006 
i) 3     ii) 4 

STL May-Jun 2003 i) 0     ii) 7 

b) gill nets 

i) 1-4 panels (22.9 × 

1.8 m) of 51, 76, 95, 

108, 127 and/or 140 
mm stretched 

twisted nylon mesh; 
or  

ii) 1 panel (10 × 1.8 

m) of 25 mm 

stretched twisted 
nylon mesh  

SPL May-Jun 2002-04 i) 101  ii) 0 

NR May-Jun 2001-04 i) 118  ii) 0 

GR 
May-Jul 2001-04; May 

2005-06 
i) 43    ii) 0 

STL 
May-Jul 2001; Jun 2003-

04 
i) 33   ii) 2 

c) hoop nets 
1.2 m diameter 
opening and 25 mm 

mesh 

SPL May-Jul 2001-04 12 

NR May-Ju1 2001-02 4 

GR May 2006 1 

STL May-Jun 2003 4 

d) kick nets 

0.5 m diameter D-
ring frame and 500 

µm Nitex collecting 
net  

GR May 2005-06 9 

e) dip nets 
0.6 m opening and 
fine mesh net 

STL May 2006 6 

f) boat 
electrofishing 

as described above NR May 2001; Jun 2002 29 

g) snaring 

single loop of pliable 

brass wire attached 
to a long pole 

SPL Jun 2002; May 2003 5 

h) angling 
barbless hook and 
heavy test line 

SPL May-Jun 2002-03 16 

NR May-Jun 2001 6 

GR Jun 2003 1 

i) radio telemetry 

individually coded 
Lotek radio 

transmitters (model 

MCFT-3A) and 
helicopter tracking 

with SRX-400 
receiver  

NR, GR, STL May-Jun 2002-03 44 
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Table 5B-1: Summary of approach and methods used for fish community and movement studies in the Keeyask area, 

1997–20081 

Study Objective Method Equipment Location2 Time of Sampling 
Number of 

Sites3 

Fall spawning 

habitat 

To identify 

habitat used for 

spawning by lake 
whitefish. 

a) neuston 
sampler 

45 × 45 cm opening 

with 500 µm Nitex 

collecting net 

SPL Jun 2004 6 

NR May/Jun 2001-04 54 

STL Jun 2001-04 62 

b) drift traps 

i) 43 × 85 cm 
opening with 950 

µm Nitex collecting 

net (large); or                                         
ii) 15 × 15 cm 

opening with 500 
µm Nitex collecting 

net (small) 

SPL May-Jul 2001-02 i) 6     ii) 2 

NR May-Jul 2001-04 i) 39   ii) 10 

GR 
Jun-Jul 2001-04; May 
2006 

i) 33   ii) 4 

STL May-Jun 2003 i)  0    ii) 7 

c) gill nets 

2-4 (22.9 × 1.8 m) 

panels of 76, 95, 
108, and/or 127 mm 

stretched twisted 
nylon mesh 

SPL Sep-Oct 2002, 2004 74 

NR Sep-Oct 2001-04 258 

GR Sep-Oct 2001-03 31 

STL Sep-Oct 2002-03 129 

d) hoop nets as described above 
SPL Sep-Oct 2001-02, 2004 7 

STL Sep-Oct 2002-03 6 

e) radio telemetry as described above NR, GR, STL Sep-Oct 2001-02 10 

f) acoustic 

telemetry 
as described above NR, GR, STL Sep-Oct 2001-03 20 

Overwintering 

habitat 

To identify 
habitat used for 

overwintering by 

northern pike, 
walleye, and lake 

whitefish. 

a) radio telemetry as described above NR, GR, STL 
Jan-Mar 2002; Nov-Apr 

2002-03 
54 

Tributary use 

To assess the 
fish community 

of tributary water 

bodies (rivers, 
streams, lakes). 

a) drift traps 

15 × 15 cm opening 

with 500 µm Nitex 

collecting net (small) 

SPL May-Jun 2001-02 2 

NR May-Jul 2001-03 10 

GR May 2006 4 

STL May-Jun 2003 7 

b) gill nets 

1-4 panels (22.9 × 

1.8 m) of 51, 76, 95, 
108, and/or 127 mm 

stretched twisted 
nylon mesh 

SPL 

May, Sep-Oct 2002; May-

Jun 2003; Jun, Sep-Oct 
2004 

66 

GR 
Jun 2004; May 2005-06; 

Aug-Sep 2006 
9 

STL 
Sep-Oct 2002-03; May-

Jun 2003; Jun 2004 
116 

c) hoop nets as described above 

SPL 
May-Jul 2001-04; Sep-Oct 
2001-02, 2004 

25 

NR May-Ju1 2001-02 4 

GR May 2006 1 

STL 
Sep-Oct 2002-03; May-

Jun 2003; Jun 2004 
11 

d) backpack 

electrofisher 

Smith Root 

backpack unit 

NR 
Jun-Jul 2002-03; Sep 

2002-03 
28 

GR Sep 2003 3 

e) index gill nets 

(small mesh and 
standard gang) 

as described above NR Aug 2002 2 

f) seine nets as described above NR Aug 2002 2 

Drifting 
biomass 

To describe the 

abundance and 

distribution of 
drifting fish in 

specific areas 
during the open-

water season. 

a)  drift traps 
43 × 85 cm opening 
with 950 µm Nitex 

collecting net (large) 

NR 
Jul-Sep 2003, Jul-Sep 

2004 
6 

GR 
Jun-Oct 2003, Jul-Oct 
2004 

4 

STL 
Jul-Sep 2003, Jun-Sep 

2004 
2 

Stream crossing 
assessment  

To assess fish 
use of streams 

crossed by the 

Keeyask Access 
Road. 

a) backpack/boat 
electrofisher 

as described above SC Oct 2004; May 2005 8 

b) kick nets as described above SC Oct 2004; May 2005 8 

c) hoop nets 

i) as described 

above; or                                  

ii) 0.6 m diameter 
opening and 25 mm 

mesh 

SC May 2005 i) 1     ii) 2 

d) gill nets 

1 panel (22.9 × 1.8 

m) of 38 or 95 mm 
stretched twisted 

nylon mesh 

SC Oct 2004 1 

e) seine nets as described above SC Jul 2005 1 

f) standard gang 
index gill net 

as described above SC Jul 2005 1 
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Table 5B-1: Summary of approach and methods used for fish community and movement studies in the Keeyask area, 

1997–20081 

Study Objective Method Equipment Location2 Time of Sampling 
Number of 

Sites3 

Fish movement 

To assess 
general 

movement 

patterns of 
northern pike, 

walleye, and lake 
whitefish. 

a) radio telemetry as described above NR, GR, STL Jun 2001-Feb 2004 54 

b) acoustic 

telemetry 
as described above NR, GR, STL Jun-Oct 2001-03 20 

c) mark and 

recapture 

individually 

numbered Floy®-tag 

attached between 
fin membranes of 

dorsal fin 

SPL 2001-04 8158 

NR 1999, 2001-04 2732 

GR 2001-05 2437 

STL 2001-05 1853 

1. In addition to the programs described in this table, Floy®-tagged northern pike, walleye, and lake whitefish were captured incidentally in gill nets set to specifically target lake 
sturgeon from 2001–2008; the methods for these programs is described in Section 6. 

2. SPL = Split Lake area; NR = Keeyask area: Nelson River between Clark Lake and Gull Rapids; GR = Keeyask area: Gull Rapids and downstream, riverine portion of Stephens 
Lake; STL = Stephens Lake area; SC = Keeyask access road stream crossings. 

3. For radio/acoustic telemetry and mark/recapture methods, the number represents the number of fish marked rather than the number of sites sampled. 
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Table 5B-2: Description of general habitat types used to describe foraging and rearing 

habitat used by fish in the Keeyask area in the existing environment 

Waterbody General Habitat Type Description2 

Assean Lake 

East basin  

• Smaller basin (1,123 ha) with a mix of shallow and 
deep water with primarily low velocity, soft mineral-

based substrates (fine silt, clay), and macrophyte 
beds abundant in shallow marshy bays and shore. 

West basin 

• Larger basin (6,310 ha) with a mix of shallow and 
deep water with primarily low velocity, soft mineral-

based substrates (fine silt, clay), and macrophyte 

beds abundant in shallow marshy bays. 

Channel 

• Narrow channel with a mix of shallow and deep 

water with low velocity, soft mineral-based 
substrates, and a scarcity of macrophyte beds. 

Split/Clark Lakes 

Nearshore lacustrine 

• Primarily shallow water with standing to low 

velocity, a combination of soft and hard mineral-
based substrates (primarily fine silt, clay), and 

macrophyte beds abundant in some areas. 

Offshore lacustrine 

• Primarily deep water with low velocity, a 
combination of soft and hard mineral-based 

substrates (primarily fine silt, clay), and a scarcity of 

macrophyte beds. 

Nelson River1 

Nearshore lacustrine 

• Areas of Gull Lake with primarily shallow water with 
low velocity, a combination of soft (silt, clay) and 

hard (gravel, cobble, boulder) mineral-based 
substrates, and few macrophyte beds. 

Offshore lacustrine 

• Areas of Gull Lake with primarily deep water with 

low velocity, hard (gravel, cobble, boulder) mineral-
based substrates, and a scarcity of macrophyte beds. 

Riverine 

• Areas of the Nelson River with a combination of 
shallow and deep water, primarily with low to 

medium3 velocity, hard (cobble, boulder) mineral-

based substrates, and a scarcity of macrophyte beds. 

Backbay 

• Primarily shallow water with standing to low 

velocity, soft (silt, clay) mineral-based substrates, 

and abundant macrophyte beds. 

Stephens Lake 

North 

Nearshore lacustrine 

• Areas of the north arm of the lake with primarily 
shallow water with low velocity, a combination of soft 

and hard mineral-based substrates, and macrophyte 

beds. 

Offshore lacustrine 

• Areas of the north arm of the lake with primarily 

deep water with low velocity, a combination of soft 
and hard mineral-based substrates, and a scarcity of 

macrophyte beds. 
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Table 5B-2: Description of general habitat types used to describe foraging and rearing 

habitat used by fish in the Keeyask area in the existing environment 

Waterbody General Habitat Type Description2 

Stephens Lake 

South 

Nearshore lacustrine 

• Areas of the old Nelson River channel with primarily 
shallow water, with low to medium velocity, a 

combination of soft and hard mineral-based 
substrates, and macrophyte beds. 

Offshore lacustrine 

• Areas of the old Nelson River channel with primarily 
deep water with low to medium velocity, a 

combination of soft and hard mineral-based 

substrates, and a scarcity of macrophyte beds. 

1. Nelson River between Clark Lake and Gull Rapids, including Gull Lake. 

2. Based on habitat classification system described in Section 3.0. 

3. Areas with high water velocity (more than 1.5 m/s) were excluded as suitable foraging/rearing habitat because at water 
velocities more than 1.5 m/s fish of all lengths would employ burst swimming and endurance would be limited to 10 
seconds or less. 
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Table 5B-3: Description of general habitat types used to describe foraging and rearing 

habitat used by fish in the Keeyask reservoir post-Project 

Waterbody General Habitat Type Description1 

Keeyask reservoir 

Backbay reservoir 

• Locations off of upper reservoir with shallow, 

standing water, a combination of soft (silt, clay) 

mineral-based substrates and organic deposition, 
and an abundance of macrophyte beds. 

Riverine reservoir 

• Areas of the upper reservoir with a combination 

of shallow and deep water, primarily with low to 
medium2 velocity, hard (cobble, boulder) mineral-

based substrates, and a scarcity of macrophyte 
beds. 

Nearshore lentic 
reservoir 

• Areas of the reservoir with shallow, standing 

water, a combination of soft (silt, clay) mineral-
based substrates and organic deposition/peat, and 

an abundance of macrophyte beds. 

Offshore lentic reservoir 

• Areas of the reservoir with deep, standing water, 

primarily soft (silt) mineral-based substrates, and a 
scarcity of macrophyte beds. 

Nearshore lotic reservoir 

• Areas of the reservoir with shallow, low velocity 

water, soft (silt, clay) mineral-based substrates, 
and few macrophyte beds. 

Offshore lotic reservoir 

• Areas of the reservoir with deep, low velocity 
water, a combination of soft (silt) and hard 

(cobble, boulder) mineral-based substrates, and a 
scarcity of macrophyte beds. 

1. Based on habitat classification system described in Section 3.0. 

2. Areas with high water velocity (more than 1.5 m/s) were excluded as suitable foraging/rearing habitat because at water 
velocities more than 1.5 m/s fish of all lengths would employ burst swimming and endurance would be limited to 10 
seconds or less. 
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Table 5B-4: Mean habitat-specific catch-per-unit-effort (CPUE1) in the existing environment during summer 

Habitat Classification Habitat-Specific CPUE 

Depth Velocity Compaction Composition Vegetation NRPK2 WALL2 LKWH2 Tot-LB2 Tot-FF3 

deep high hard mineral no plants 0.7 1.7 0.0 4.2 4.6 

deep low hard mineral no plants 6.1 4.2 1.4 21.5 65.0 

deep low soft mineral no plants 3.0 12.8 4.7 34.2 41.7 

deep medium hard mineral no plants 2.8 6.6 0.1 16.9 18.2 

deep medium soft mineral no plants 2.3 5.0 0.0 12.8 16.0 

deep standing hard mineral no plants 9.3 2.0 0.3 13.1 86.6 

deep standing soft mineral no plants 4.6 6.0 0.9 20.7 55.5 

deep standing soft organic no plants 2.3 3.0 0.5 10.4 27.8 

shallow high hard mineral no plants 1.3 1.5 0.2 4.4 2.8 

shallow low hard mineral no plants 12.4 7.1 0.9 26.4 30.3 

shallow low soft mineral no plants 9.8 5.4 0.2 20.0 26.6 

shallow low soft mineral plants 12.1 1.3 0.1 18.5 42.0 

shallow low soft organic no plants 4.9 2.7 0.1 10.0 13.3 

shallow medium hard mineral no plants 5.4 5.9 0.8 17.6 11.4 

shallow medium soft mineral no plants 4.3 4.5 0.2 13.3 10.0 

shallow medium soft organic no plants 2.1 2.2 0.1 6.7 5.0 

shallow standing hard mineral no plants 15.7 11.5 13.7 43.3 168.3 

shallow standing soft mineral no plants 12.4 8.7 3.2 32.8 147.8 

shallow standing soft mineral plants 19.8 0.2 2.5 36.9 155.5 

shallow standing soft organic no plants 6.2 4.3 1.6 16.4 73.9 

shallow standing soft organic plants 9.9 0.1 1.2 18.5 77.7 

    Mean 7.0 4.6 1.6 19.0 51.4 

1. Red font indicates habitat types that were not sampled directly and where CPUE values were determined using surrogates or professional judgment. 

2. Using standard gang index gill nets (NRPK = northern pike; WALL = walleye; LKWH = lake whitefish; Tot-LB = all large-bodied fish). 

3. Using small mesh index gill nets (Tot-FF = all forage fish). 
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Table 5B-5: Weighted mean catch-per-unit-effort (CPUEw) using standard gang index gill nets (#fish/100m/24h) and 

small mesh index gill nets (#fish/30m/24h) in the Upstream Keeyask Area during summer in the existing 

environment (EE) and four post-Project (PP) time steps for three operation modes (Base loaded at 158 and 

159 m above sea level [ASL], and peaking between 158 and 159 m ASL) 

Species EE 

Year 1 PP Year 5 PP Year 15 PP Year 30 PP 

Base Loaded 
Peaking 

Base Loaded 
Peaking 

Base Loaded 
Peaking 

Base Loaded 
Peaking 

158 159 158 159 158 159 158 159 

Area (ha) 4979 8342 9532 9532 8342 9717 9717 8342 9974 9974 8342 10156 10156 

Standard gangs              

Northern pike 6.1 3.8 4.1 3.9 4.7 5.0 4.5 5.3 6.0 5.2 5.6 6.4 5.5 

Walleye 5.3 5.5 5.7 5.6 6.7 6.4 6.0 7.2 7.0 6.5 7.3 7.1 6.5 

Lake whitefish 1.3 1.4 1.5 1.4 1.7 1.7 1.6 1.8 1.9 1.7 1.9 2.0 1.8 

Total catch 19.2 17.7 18.5 17.9 21.5 20.9 19.7 23.3 23.5 21.5 23.9 24.3 22.0 

Small mesh gangs              

Forage fish 53.2 41.9 44.8 42.3 52.4 55.2 50.1 59.5 66.9 58.3 61.8 71.2 61.0 
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Table 5B-6: Weighted suitable habitat area (WSHA; ha) in the Upstream Keeyask Area during summer in the existing 

environment (EE) and four post-Project (PP) time steps for three possible modes of operation (base loaded at 

158 and 159 m above sea level [ASL], and peaking between 158 and 159 m ASL), and the ratio of predicted 

post-Project to existing WHSA (i.e., PP/EE) 

WSHA 

Species EE 

Year 1PP  Year 5PP  Year 15 PP  Year 30 PP 

Base 
Loaded Peaking 

 
Base 

Loaded Peaking 
 

Base 
Loaded Peaking 

 
Base 

Loaded Peaking 

158 159  158 159  158 159  158 159 

Walleye 2247 3979 4264 4123  4358 4842 4602  4680 5484 5083  4750 5659 5206 

Northern pike 1573 1870 2160 2016  1989 2439 2215  2249 3020 2635  2346 3308 2827 

Lake whitefish 492 1019 1120 1070  1019 1178 1099  1108 1378 1243  1137 1458 1298 

Large-bodied fish 2353 4133 4480 4309  4146 4684 4417  4500 5415 4959  4605 5714 5161 

Forage fish 1593 2429 2802 2617  2596 3186 2892  2946 3963 3456  3063 4294 3680 

 

Proportional Increase in WSHA 

Species EE 

Year 1 PP  Year 5 PP  Year 15PP  Year 30 PP 

Base 

Loaded Peaking 
 

Base 

Loaded Peaking 
 

Base 

Loaded Peaking 
 

Base 

Loaded Peaking 

158 159  158 159  158 159  158 159 

Walleye 1.0 1.8 1.9 1.8  1.9 2.2 2.0  2.1 2.4 2.3  2.1 2.5 2.3 

Northern pike 1.0 1.2 1.4 1.3  1.3 1.6 1.4  1.4 1.9 1.7  1.5 2.1 1.8 

Lake whitefish 1.0 2.1 2.3 2.2  2.1 2.4 2.2  2.3 2.8 2.5  2.3 3.0 2.6 

Large-bodied fish 1.0 1.8 1.9 1.8  1.8 2.0 1.9  1.9 2.3 2.1  2.0 2.4 2.2 

Forage fish 1.0 1.5 1.8 1.6  1.6 2.0 1.8  1.8 2.5 2.2  1.9 2.7 2.3 
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5C.1 WALLEYE 

5C.1.1 SPLIT LAKE AREA 

Walleye captured with index gill nets set in Clark, Split, and Assean lakes ranged from 65 to 611 mm in 

length (Table 5C-1). Mean lengths were generally similar among the three waterbodies ranging from 

345 mm at Split Lake to 364 mm at Clark Lake. Fish from all three lakes were generally in the same 

condition. The sub-sample of walleye aged from all three waterbodies ranged from 1–17 years.  

Very few walleye captured in standard gang index gill nets set in either Split/Clark or Assean lakes 

between 2001 and 2004 had external DELTs (less than 0.5% of the catch; Table 5C-2). In Split/Clark 

lakes, three of the walleye captured exhibited fin deformities, while a single walleye captured in Assean 

Lake had a tumour. 

The majority of walleye (more than 95%) captured in Clark, Split, and Assean lakes as part of the index 

gillnetting programs conducted between 2001 and 2004 whose stomachs contained food items had 

consumed fish. The most frequently consumed fish species by walleye in Clark and Split lakes was 

rainbow smelt, which occurred in 31 and 58% of stomachs that contained fish, respectively. As expected, 

given that rainbow smelt were not captured in gillnetting surveys of Assean Lake, none of the walleye 

captured in Assean Lake had consumed rainbow smelt. The most frequently consumed fish species in 

this lake was yellow perch, which occurred in 28% of stomachs that contained fish. Less than 5% of 

walleye had invertebrate remains in their stomach. 

5C.1.2 KEEYASK AREA 

5C.1.2.1 Nelson River between Clark Lake and Gull Rapids 

Walleye captured with standard gang index gill nets in the Keeyask area ranged from 66 to 686 mm in 

length during the summer of 2001 and 2002 (Table 5C-1). Fish captured in the river upstream of Gull 

Lake were generally the same size and condition as fish captured in Gull Lake. The sub-sample of walleye 

aged ranged from 1–26 years.  

None of the walleye captured in standard gang index gill nets in Gull Lake or the stretch of the Nelson 

River above Gull Lake in 2001 and 2002 displayed any external DELTs (Table 5C-3). 

The majority of walleye (more than 95%) captured in the Keeyask area as part of the index gillnetting 

programs in 2001 and 2002 whose stomachs contained food items had consumed fish. During the fall of 

1999, walleye had fed exclusively on fish. In both spring and fall, the most frequently consumed fish 

species was rainbow smelt, which occurred in 52% of stomachs that contained fish. About 5% of walleye 

had invertebrate remains in their stomach. 

  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 5: FISH COMMUNITY  5C-2 

5C.1.2.2 Gull Rapids 

Walleye captured with index gill nets set in the Nelson River below Gull Rapids in 2002–2003 ranged 

from 234 to 570 mm in length (Table 5C-1). The mean length and condition of fish captured in 2003 was 

greater than observed in 2002.  

External DELTs were observed on a single walleye that was captured in standard gang index gill nets set 

in the Nelson River below Gull Rapids (Table 5C-3). This fish showed signs of fin erosion. 

The majority of walleye (more than 90%) captured below Gull Rapids as part of the 2002–2003 index 

gillnetting programs whose stomachs contained food items had consumed fish. The most frequently 

consumed fish species was rainbow smelt, which occurred in 40% of stomachs that contained fish. 

Approximately 20% of walleye had invertebrate remains in their stomach. 

5C.1.3 STEPHENS LAKE AREA 

Walleye captured with index gill nets set in Stephens Lake (excluding the riverine portion immediately 

downstream of Gull Rapids) in 2002 and 2003 ranged from 108 to 633 mm in length (Table 5C-1). The 

mean length and condition factor of the catch was generally similar among years. The sub-sample of 

walleye aged ranged from 2– 22 years.  

Several of the walleye captured in standard gang index gill nets set in Stephens Lake had external DELTs 

(about 1% of the catch; Table 5C-4). The most frequently observed DELT category was tumours, which 

was observed on six walleye. Four walleye had fin deformities and another two fish showed signs of fin 

erosion. 

The majority of walleye (more than 90%) captured in Stephens Lake (excluding the reach immediately 

below Gull Rapids) as part of the 2002–2003 index gillnetting programs whose stomachs contained food 

items had consumed fish. The most frequently consumed fish species by walleye in Stephens Lake was 

rainbow smelt, which occurred in 30% of stomachs that contained fish. Approximately 30% of walleye 

had invertebrate remains in their stomach. 

5C.2 NORTHERN PIKE 

5C.2.1 SPLIT LAKE AREA 

Northern pike captured in index gill nets set in Clark, Split, and Assean lakes ranged from 140 to 

1,090 mm in length (Table 5C-5). The mean length of fish from Split Lake (470 mm) was smaller than in 

Clark Lake (518 mm) or Assean Lake (544 mm). The condition of northern pike was relatively constant 

among years and lakes, with annual average condition factors ranging from 0.69 to 0.79. The sub-sample 

of northern pike aged from all three waterbodies ranged from 1–15 years. 
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Only one of the northern pike captured in standard gang index gill nets set in Split/Clark Lake had an 

external DELT; a fin deformity. DELTs were not observed on any of the northern pike captured in 

Assean Lake (Table 5C-2). 

Northern pike captured in index gill nets set in Clark, Split, and Assean lakes set during the summers of 

2001 to 2004 fed primarily on fish, as is common for the species. The most frequently consumed fish 

species by northern pike in Clark and Split lakes was rainbow smelt, which occurred in 58 and 45% of 

stomachs that contained fish, respectively. As expected, given that rainbow smelt were not captured in 

gillnetting surveys of Assean Lake, none of the northern pike captured in Assean Lake had consumed 

rainbow smelt. The most frequently consumed fish species in this lake was yellow perch, which occurred 

in 21% of stomachs that contained fish. Northern pike captured in all three lakes frequently consumed 

crayfish; this prey item occurred in 16–51% of northern pike stomachs that contained food. 

5C.2.2 KEEYASK AREA 

5C.2.2.1 Nelson River between Clark Lake and Gull Rapids 

Northern pike captured with standard gang index gill nets in the Gull Lake reach ranged from 171 to 

1,017 mm in length (Table 5C-5). Fish captured in the river upstream of Gull Lake were generally the 

same size and condition as fish captured in Gull Lake. The sub-sample of northern pike aged ranged 

from 1–15 years. 

Only one of the northern pike captured in standard gang index gill nets set in Gull Lake and the upstream 

reach of the Nelson River had a DELT (Table 5C-3). This fish had a tumour on its head. 

The majority of northern pike (81%) captured as part of the index gillnetting program in Gull Lake and 

the stretch of the Nelson River upstream during the fall of 1999 and the summers of 2001 and 2002 

whose stomachs contained food items had consumed fish. In both seasons, the most frequently 

consumed fish species was rainbow smelt, which occurred in 41% of stomachs that contained fish. 

During the summer, about 34% of the northern pike had invertebrate remains in their stomach. The 

most frequently consumed invertebrate group at this time was crayfish. In contrast to the mainstem, 

fewer of the northern pike captured in Carscadden Lake had fed on fish (67% of fish with stomach 

contents). The only species of prey fish that could be identified in these stomachs were yellow perch and 

a single burbot. Many northern pike in Carscadden Lake also consumed invertebrate prey (58%). 

5C.2.2.2 Gull Rapids 

Northern pike captured in index gill nets set immediately below Gull Rapids from 2002 to 2003 ranged 

from 236 to 687 mm in length (Table 5C-5). There was little difference in the size of fish between years 

(471–479 mm); however, the condition factor of northern pike captured in 2003 (0.89) was somewhat 

higher than that observed in 2002 (0.72).  

None of the northern pike captured in standard gang index gill nets set in the Nelson River below Gull 

Rapids exhibited external DELTs (Table 5C-3). 
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Northern pike captured in index gill nets set immediately below Gull Rapids during summer from 2002 

to 2003 fed primarily on fish. Approximately 67% of the northern pike captured whose stomachs 

contained food items had eaten fish. Northern pike had consumed at least three species of fish (white 

sucker, rainbow smelt, and sculpins), in addition to a number of unidentified fish remains. Northern pike 

frequently consumed crayfish; this prey item occurred in 44% of northern pike stomachs that contained 

food. 

5C.2.3 STEPHENS LAKE AREA 

Northern pike captured in index gill nets set in Stephens Lake in 2002 and 2003 ranged from 123 to 

998 mm in length (Table 5C-5). The condition factor of northern pike was relatively constant between 

years, with an overall mean of 0.74. The sub-sample of northern pike aged ranged from 1–19 years.  

Four northern pike captured in standard gang index gill nets set in Stephens Lake had external DELTs 

(less than 0.5% of the catch; Table 5C-4). These northern pike displayed deformities; two of the fin and 

two of the head.  

Northern pike captured in index gill nets set in Stephens Lake from 2002–2003 fed primarily on fish. 

Approximately 55% of the northern pike captured whose stomachs contained food items had eaten fish, 

of which the most frequently consumed species was rainbow smelt (35% of stomachs that contained 

fish). Northern pike also frequently consumed crayfish (36% of stomachs that contained food). 

5C.3 LAKE WHITEFISH 

5C.3.1 SPLIT LAKE AREA 

Lake whitefish captured with index gill nets set in Clark, Split, and Assean lakes ranged from 129 to 

565 mm in length (Table 5C-6). The mean length of fish captured in Split Lake (372 mm) and Assean 

Lake (396 mm) were similar. Although the mean length of lake whitefish from Clark Lake (349 mm) was 

lower than in Split or Assean lakes, this result could be due to the small number of fish sampled from 

that lake. The mean condition of lake whitefish ranged from 1.44 at Clark Lake to 1.57 at Split Lake. The 

sub-sample of lake whitefish aged from all three waterbodies ranged from 1–24 years. 

None of the lake whitefish captured in standard gang index gill nets set in either Split/Clark or Assean 

lakes displayed external DELTs (Table 5C-2). 

Lake whitefish captured as part of the index gillnetting program in Clark, Split, and Assean lakes between 

2001 and 2004 had fed almost exclusively on aquatic invertebrates. The most frequently consumed 

invertebrates included snails (Gastropoda), clams (Bivalvia), and clam shrimp 

(Laevicaudata/Spinicaudata/Cyclestherida). Two fish in Assean Lake and two fish in Split Lake had fish 

remains in their stomachs (yellow perch and emerald shiner). 
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5C.3.2 KEEYASK AREA 

5C.3.2.1 Nelson River between Clark Lake and Gull Rapids 

Lake whitefish captured during the summer of 2001 and 2002 with standard gang index gill nets in the 

Gull Lake reach ranged from 136 to 592 mm in length (Table 5C-6). Fish captured in the river above 

Gull Lake were about the same size and condition as fish captured in Gull Lake. The sub-sample of lake 

whitefish aged ranged from 1–25 years.  

An external DELT (a deformed fin) was observed on one of the lake whitefish captured in standard gang 

index gill nets set in Gull Lake and upstream in the Nelson River (Table 5C-3).  

Lake whitefish captured as part of the index gillnetting program in the Gull Lake reach during the fall of 

1999 and the summers of 2001 and 2002 had fed almost exclusively on aquatic invertebrates. In both 

seasons, the most frequently consumed invertebrates included mayflies (Ephemeroptera), snails 

(Gastropoda), and clams (Bivalvia). Only 3% of the lake whitefish had fish remains in their stomachs. 

5C.3.2.2 Gull Rapids 

No lake whitefish were captured during the summer index gillnetting program from which biological data 

could be derived. As lake whitefish move to the base of Gull Rapids from Stephens Lake during fall, 

biological data for those fish (described in the Stephens Lake area) could be used to describe Gull Rapids 

lake whitefish. 

5C.3.3 STEPHENS LAKE AREA 

Lake whitefish captured with index gill nets set in Stephens Lake in 2002 and 2003 ranged from 124 to 

569 mm in length (Table 5C-6). The mean condition factor of lake whitefish captured in both years was 

1.77. The sub-sample of lake whitefish aged ranged from 1–25 years.  

None of the lake whitefish captured in standard gang index gill nets set in Stephens Lake exhibited 

external DELTs (Table 5C-4). 

Lake whitefish captured as part of the index gillnetting program in Stephens Lake (2002–2003) had fed 

almost exclusively on aquatic invertebrates. The most frequently consumed invertebrates were mayflies 

(Ephemeroptera), snails (Gastropoda), and clam shrimp (Laevicaudata/Spinicaudata/Cyclestherida). Only 

one lake whitefish had fish remains in its stomach. FLCN Members have similarly reported that lake 

whitefish in Stephens Lake feed on insects and small fish (FLCN 2010 Draft). 
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Table 5C-1: Mean size, condition, and age, by waterbody and year, of walleye captured in standard gang index gill nets set in the study area during summer, 1997–2004 

Waterbody Year 
Fork Length (mm) Weight (g) Condition Factor (K) Age (y) 

n1 Mean Std2 Range n Mean Std Range n Mean Std Range n Mean Std Range 

Split Lake 

1997 505 318 95 65–600 503 477 396 25–3500 503 1.13 0.21 0.450–3.29 91 6.7 3.7 2–17 

1998 470 314 93 125–576 469 460 403 15–2650 469 1.11 0.17 0.48–1.78 147 6.5 3.3 2–15 

2001 693 372 60 170–596 684 718 376 50–2450 684 1.27 0.24 0.76–3.56 104 6.3 3.0 2–15 

2002 226 387 68 171–611 214 834 443 49–3000 214 1.30 0.21 0.93–3.37 109 6.3 3.2 1–14 

All Years 1894 345 86 65–611 1870 601 421 15–3500 1870 1.19 0.23 0.48–3.56 451 6.5 3.3 1–17 

Clark Lake 

1997 45 350 96 163–460 45 618 370 25–1150 45 1.16 0.14 0.51–1.50 8 8.6 4.2 2–16 

1998 60 338 97 147–548 60 566 457 25–1995 60 1.11 0.18 0.56–1.51 16 6.9 3.0 3–10 

2001 74 390 87 181–570 73 877 578 66–2400 73 1.25 0.14 0.98–1.53 18 8.1 4.3 2–14 

2002 20 388 93 152–554 20 844 477 35–2225 20 1.22 0.13 0.92–1.42 12 6.9 4.2 1–14 

2004* 25 355 134 162–555 23 770 751 32–2300 23 1.25 0.32 0.67–1.68 25 6.0 4.2 2–16 

All Years 224 364 100 147–570 221 726 536 25–2400 221 1.19 0.19 0.51–1.68 79 7.1 4.0 1–16 

Assean Lake 

2001 657 355 84 150–535 657 602 419 15–1900 657 1.12 0.14 0.24–1.71 122 6.8 4.1 2–16 

2002 738 349 79 135–560 734 564 382 24–1975 734 1.14 0.27 0.51–3.70 125 7.2 3.6 1–16 

All Years 1395 352 81 135–560 1391 582 400 15–1975 1391 1.13 0.22 0.24–3.70 247 7.0 3.9 1–16 

Nelson River 

(including Gull Lake) 

2001 359 407 101 156–587 359 1077 722 25–2800 358 1.30 0.20 0.53–2.74 128 6.8 4.4 2–18 

2002 242 446 101 66–686 242 1395 825 3–4750 242 1.33 0.16 0.88–1.72 134 8.5 5.2 1–26 

All Years 601 422 103 66–686 601 1205 780 3–4750 600 1.31 0.18 0.53–2.74 262 7.7 4.9 1–26 

Gull Rapids 

2002 48 408 57 315–554 47 972 465 375–2275 47 1.31 0.12 0.99–1.55 - - - - 

2003 46 435 64 234–570 44 1407 530 275–2725 44 1.55 0.12 1.36–1.82 - - - - 

All Years 94 421 61 234–570 91 1182 541 275–2725 91 1.43 0.17 0.99–1.82 - - - - 

Stephens Lake 
2002 658 396 96 108–633 529 995 678 85–3050 529 1.24 0.13 0.69–1.90 120 9.8 4.9 2–20 

2003 581 438 86 147–621 571 1211 668 25–3700 571 1.28 0.17 0.69–1.80 128 10.1 4.8 2–22 

All Years 1239 416 94 108–633 1100 1107 681 25–3700 1100 1.26 0.15 0.69–1.90 248 10.0 4.9 2–22 

1. Number of fish measured. 

2. Standard deviation. 

* Only sites that were fished in previous years were analyzed. 
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Table 5C-2: Frequency of occurrence (%) of deformities, erosion, lesions, and tumours 

(collectively referred to as DELTs) observed on VEC fish species captured 

in standard gang index gill nets set in the Split Lake area from 2001–2004 

Species DELT Category 
Assean Lake Split/Clark Lakes 

2001 2002 Mean 2001 2002 2004 Mean 

Lake whitefish 

Deformity 0 0 0 0 0 0 0 

Erosion 0 0 0 0 0 0 0 

Lesion 0 0 0 0 0 0 0 

Tumour 0 0 0 0 0 0 0 

 (308) (239) (547) (65) (85) (2) (152) 

Northern pike 

Deformity 0 0 0 0 0.3 (1*) 0 0.1 (1) 

Erosion 0 0 0 0 0 0 0 

Lesion 0 0 0 0 0 0 0 

Tumour 0 0 0 0 0 0 0 

 (235) (195) (430) (338) (339) (81) (758) 

Walleye 

Deformity 0 0 0 0.4 (3) 0 0 0.3 (3) 

Erosion 0 0 0 0 0 0 0 

Lesion 0 0 0 0 0 0 0 

Tumour 0 0.1 (1) 0.1 (1) 0 0 0 0 

 (657) (738) (1395) (768) (247) (84) (1099) 

* The number in brackets represents the number of fish examined. 
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Table 5C-3: Frequency of occurrence (%) of deformities, erosion, lesions, and tumours 

(collectively referred to as DELTs) observed on VEC fish species captured 

in standard gang index gill nets set in the Keeyask area from 2001–2003 

Species 
DELT 

Category 

Nelson River (including Gull Lake) Reach below Gull Rapids 

2001 2002 Mean 2002 2003 Mean 

Lake whitefish 

Deformity 0 1.6 (1*) 0.6 (1) - - 0 

Erosion 0 0 0 - - 0 

Lesion 0 0 0 - - 0 

Tumour 0 0 0 - - 0 

 (103) (61) (164) (1) (-) (1) 

Northern pike 

Deformity 0 0 0 0 0 0 

Erosion 0 0 0 0 0 0 

Lesion 0 0 0 0 0 0 

Tumour 0 0.2 (1) 0.1 (1) 0 0 0 

 (446) (605) (1051) (18) (21) (39) 

Walleye 

Deformity 0 0 0 0 0 0 

Erosion 0 0 0 0 2.1 (1) 1.1 (1) 

Lesion 0 0 0 0 0 0 

Tumour 0 0 0 0 0 0 

 (360) (242) (602) (48) (47) (95) 

* The number in brackets represents the number of fish examined. 
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Table 5C-4: Frequency (%) of deformities, erosion, lesions, and tumours (collectively 

referred to as DELTs) observed on VEC fish species captured in standard 

gang index gill nets set in the Stephens Lake area from 2001–2003 

Species DELT Category 
Stephens Lake 

2002 2003 Mean 

Lake whitefish 

Deformity 0 0 0 

Erosion 0 0 0 

Lesion 0 0 0 

Tumour 0 0 0 

 (147) (142) (289) 

Northern pike 

Deformity 0 0.5 (4) 0.3 (4) 

Erosion 0 0 0 

Lesion 0 0 0 

Tumour 0 0 0 

 (511) (733) (1244) 

 (36) (18) (54) 

Walleye 

Deformity 0 0.7 (4) 0.3 (4) 

Erosion 0 0.3 (2) 0.2 (2) 

Lesion 0 0 0 

Tumour 0.2 (1) 0.9 (5) 0.5 (6) 

 (658) (581) (1239) 

* The number in brackets represents the number of fish examined. 
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Table 5C-5: Mean size, condition, and age, by waterbody and year, of northern pike captured in standard gang index gill nets set in the study area during summer, 1997–2004 

Waterbody Year 
Fork Length (mm) Weight (g) Condition Factor (K) Age (years) 

n1 Mean Std2 Range n Mean Std Range n Mean Std Range n Mean Std Range 

Split Lake 

1997 333 468 137 163–890 333 890 767 50–6600 333 0.69 0.12 0.31–2.19 81 4.3 1.9 1–12 

1998 275 469 137 200–852 275 916 761 50–5225 275 0.71 0.10 0.42–1.44 81 4.5 1.5 2–10 

2001 252 468 129 225–1015 251 951 836 85–8700 251 0.77 0.13 0.36–1.55 98 4.6 1.9 2–15 

2002 274 474 135 190–992 263 949 864 61–7400 263 0.73 0.17 0.23–2.75 101 5.0 2.6 1–12 

All Years 1134 470 135 163–1015 1122 924 804 50–8700 1122 0.72 0.14 0.23–2.75 361 4.6 2.0 1–15 

Clark Lake 

1997 77 496 157 200–890 77 1165 1063 25–6350 77 0.70 0.11 0.31–1.24 21 4.6 1.9 2–8 

1998 55 466 144 220–753 55 909 730 95–2950 55 0.71 0.08 0.57–0.92 17 4.4 1.9 2–8 

2001 86 493 133 140–758 86 1090 760 85–3300 86 0.79 0.34 0.45–3.61 27 4.5 2.2 1–9 

2002 64 542 136 232–881 64 1370 1020 173–6050 64 0.75 0.28 0.49–2.81 16 6.6 4.2 2–15 

2004* 55 614 129 215–925 22 1798 1005 500–4600 22 0.76 0.07 0.67–0.99 55 6.4 2.1 1–12 

All Years 337 518 148 140–925 304 1187 937 25–6350 304 0.74 0.23 0.31–3.61 136 5.5 2.6 1–15 

Assean Lake 

2001 234 546 155 231–1090 234 1414 1329 74–9400 234 0.69 0.11 0.23–1.70 128 5.6 2.5 2–14 

2002 194 543 167 220–1013 194 1465 1439 100–8050 194 0.70 0.09 0.40–1.09 119 6.3 3.2 1–13 

All Years 428 544 160 220–1090 428 1437 1379 74–9400 428 0.70 0.10 0.23–1.70 247 6.0 2.9 1–14 

Nelson River 

(including Gull Lake) 

2001 445 490 168 171–985 443 1245 1226 50–8250 443 0.79 0.20 0.26–2.82 125 5.6 2.8 2–13 

2002 646 539 152 218–1017 645 1494 1316 75–10050 645 0.77 0.11 0.21–1.92 171 6.6 3.5 1–15 

All Years 1091 519 160 171–1017 1088 1393 1285 50–10050 1088 0.78 0.15 0.21–2.82 296 6.1 3.3 1–15 

Gull Rapids 

2002 18 471 81 298–586 18 822 384 200–1500 18 0.72 0.05 0.59–0.79 3 2.7 0.6 2–3 

2003 21 479 92 236–687 21 1107 649 56–3150 21 0.89 0.14 0.43–1.09 - - - - 

All Years 39 475 86 236–687 39 976 555 56–3150 39 0.81 0.13 0.43–1.09 - - - - 

Stephens Lake 
2002 510 521 142 123–998 446 1238 1093 45–7875 446 0.72 0.07 0.50–1.11 123 6.7 4.0 1–15 

2003 731 507 132 179–971 727 1219 1030 14–7300 726 0.76 0.14 0.16–1.33 127 7.3 4.7 1–19 

All Years 1241 512 136 123–998 1173 1226 1054 14–7875 1172 0.74 0.12 0.16–1.33 250 7.0 4.4 1–19 

1. Number of fish measured. 

2. Standard deviation. 

* Only sites that were fished in previous years were analyzed. 
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Table 5C-6: Mean size, condition, and age, by waterbody and year, of lake whitefish captured in standard gang index gill nets set in the study area during summer, 1997–2004 

Waterbody Year 
Fork Length (mm) Weight (g) Condition Factor (K) Age (years) 

n1 Mean Std2 Range n Mean Std Range n Mean Std Range n Mean Std Range 

Split Lake 

1997 130 362 70 209–534 129 822 524 100–2600 129 1.50 0.18 1.07–2.01 38 7.5 3.7 3–19 

1998 77 363 78 150–506 77 849 474 50–2040 77 1.55 0.16 1.02–1.97 28 6.8 2.5 4–13 

2001 63 366 109 139–551 62 995 655 32–2300 62 1.58 0.28 1.03–2.56 61 7.1 4.4 2–22 

2002 70 407 81 181–565 70 1309 654 65–3325 70 1.70 0.22 1.10–2.34 69 8.0 3.3 3–20 

All Years 340 372 84 139–565 338 961 596 32–3325 338 1.57 0.22 1.02–2.56 196 7.5 3.7 2–22 

Clark Lake 

1997 27 390 109 132–540 27 1099 785 25–2525 27 1.46 0.18 1.09–1.77 15 9.9 6.8 2–24 

1998 3 344 67 278–411 3 667 404 300–1100 3 1.48 0.09 1.40–1.58 3 5.3 1.2 4–6 

2001 2 275 193 138–411 2 720 962 39–1400 2 1.75 0.38 1.48–2.02 2 3.5 2.1 2–5 

2002 15 288 142 141–530 15 635 765 33–2200 15 1.37 0.24 1.08–1.87 15 5.7 6.2 1–23 

2004* - - - - - - - - - - - - - - - - 

All Years 47 349 128 132–540 47 907 778 25–2525 47 1.44 0.21 1.08–2.02 35 7.4 6.4 1–24 

Assean Lake 

2001 308 390 77 132–531 308 1061 495 25–2450 308 1.57 0.20 0.79–2.10 133 5.3 2.9 2–16 

2002 239 403 65 129–542 236 1047 383 27–2175 236 1.51 0.27 1.10–3.85 119 7.3 3.2 1–20 

All Years 547 396 72 159–542 544 1055 449 25–2450 544 1.54 0.24 0.79–3.85 252 6.3 3.2 1–20 

Nelson River 

(including Gull Lake) 

2001 103 436 90 201–585 103 1653 886 125–4150 103 1.72 0.24 1.05–2.54 100 8.3 4.5 2–21 

2002 61 394 148 136–592 61 1592 1268 42–5525 61 1.76 0.49 0.95–4.47 57 9.3 7.2 1–25 

All Years 164 420 116 136–592 164 1630 1041 42–5525 164 1.74 0.35 0.954.47 157 8.6 5.6 1–25 

Gull Rapids 

2002 - - - - - - - - - - - - - - - - 

2003 - - - - - - - - - - - - - - - - 

All Years - - - - - - - - - - - - - - - - 

Stephens Lake 
2002 144 449 86 137–568 108 1682 732 32–3300 107 1.69 0.19 1.07–2.04 86 9.6 4.8 2–25 

2003 142 420 116 124–569 136 1809 1030 22–4400 136 1.84 0.35 0.93–2.54 121 10.2 5.8 1–25 

All Years 286 435 102 124–569 244 1753 911 22–4400 243 1.77 0.30 0.93–2.54 207 9.9 5.4 1–25 

1. Number of fish measured. 

2. Standard deviation. 

* Only sites that were fished in previous years were analyzed. 
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Table 5C-7: Comparison of the frequency of occurrence (%*) of deformities, erosions, 

lesions, and tumours (DELTs) on large-bodied VEC species captured in 

selected northern Manitoba waterbodies 

Waterbody Study Year Lake Whitefish Northern Pike Walleye 

Study Area     

Split Lake 2001–2002 0.0 (0) 0.2 (1) 0.2 (1) 

Clark Lake 2001–2004 0.0 (0) 0.0 (0) 1.7 (2) 

Assean Lake 2001–2002 0.0 (0) 0.0 (0) 0.1 (1) 

Nelson River 2001–2002 0.0 (0) 0.0 (0) 0.0 (0) 

Gull Lake 2001–2002 0.8 (1) 0.2 (1) 0.0 (0) 

Stephens Lake 2002–2003 0.0 (0) 0.3 (4) 1.0 (13) 

Other      

Notigi Lake1 2001 0.0 (0) 0.8 (1) 0.0 (0) 

Leftrook Lake2 2001 2.0 (3) 0.0 (0) 0.0 (0) 

Wuskwatim Lake3 2000–2002 1.4 (4) 0.4 (1) 0.3 (2) 

Rat River4 2004 0.0 (0) 0.0 (0) 0.5 (2) 

Burntwood River5 2001–2002 0.0 (0) 0.0 (0) 0.4 (1) 

Lower Nelson River6 2003 1.0 (1) 0.0 (0) 3.5 (3) 

* The number of fish displaying DELT is shown in parentheses. 

1. After Caskey and Mota (2003). 

2. After MacDonald (2003). 

3. After Mota and Jansen (2003) and Kroeker and Mota (2003). 

4. Mota (2005). 

5. Manitoba Hydro and NCN (2003). 

6. After Johnson and MacDonell (2004). 
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5D.1 WALLEYE 

5D.1.1 SPLIT LAKE AREA 

Potential walleye spawning areas in the Split Lake area are illustrated in Map 5D-1. 

1. Moderate numbers of larval walleye were captured in the spring in drift traps set immediately 

downstream of First Rapids in both 2001 and 2002. Moderate numbers of walleye in spawning 

condition, including two ripe females, were captured in the Burntwood River in 2002 between 

07 and 14 June, when water temperatures were between 5 and 12°C. All of these fish were 

captured at sites immediately below the rapids, so it is likely that spawning occurred nearby.  

2. A small number of walleye were captured in this area in spawning condition during the spring of 

2002. Three fish that were preparing to spawn were captured on 16 June and a ripe male and five 

spent males were captured nine days later; water temperature during this period ranged from  

14–17°C. This area likely provides some suitable habitat for spawning. 

3. Large numbers of walleye eggs and/or larvae were captured in drift traps set in this area during 

the spring of 2001 and 2002. Moderate numbers of walleye were also captured in ripe or near-

ripe condition at the hoopnet site immediately upstream of the drift trap location. Most of these 

fish were moving in the upstream direction at the time of capture. The only fish identified as 

spent was moving downstream. 

4. Large numbers of walleye that were in ripe or near-ripe condition were captured in hoop nets set 

in this area during the spring of 2001 and 2002. About equal numbers of these fish were 

captured moving towards Assean Lake as away from the lake. 

5. Moderate numbers of walleye that were in ripe or near-ripe condition were captured in hoop nets 

set this area during the spring of 2001 and 2002. Most of these fish were moving in the upstream 

direction at the time of capture. 

6. A small number of walleye that were in ripe or near-ripe condition were captured in hoop nets 

set this area during the spring of 2001 and 2002. Most of these fish were moving in the upstream 

direction at the time of capture. 

7. Moderate numbers of walleye in ripe and running condition were captured in this area. Many of 

the walleye captured in this stretch had already spawned. This area likely provides some suitable 

habitat for spawning. YFFN Members have identified spawning areas on the upper reaches 

downstream of the community cabins (Hilderman, Thomas, Frank and Cram 2002). 

8. Same as # 7 above. 

9. The area likely provides some suitable habitat for spawning. Moderate numbers of ripe and 

running walleye were captured in this area. A greater proportion of the catch was in spawning 

condition compared to downstream areas. One walleye that was originally captured in ripe 
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condition in this area was later recaptured in spent condition at a site further downstream, 

suggesting that fish return downstream after spawning in the upper reaches of the river. 

10. Large numbers of walleye, many of which were in spawning or spent condition, were captured in 

this area during the spring of 2003 and 2004. Most of the fish that were ripe or near-ripe were 

moving upstream at the time of capture, suggesting that fish likely move into the Aiken River 

from Split Lake to spawn. The upstream run occurred earlier in 2003 (15 to 20 May) than in 2002 

(21 May to 09 June), likely due to increased water temperatures in the former year. The recapture 

of four walleye in spent condition a few days after initially being captured in pre-spawn condition 

at the upstream sites, which are located near the rail crossing, suggests that walleye likely spawn 

near these sites. As well, several of the walleye that had initially been captured at these upstream 

sites in spawning condition, were later recaptured in spent condition at sites further downstream 

in the river. Many of the walleye captured in spawning condition at the time of their initial 

capture in 2002 were recaptured in the Aiken River in spawning condition again the following 

spring, indicating that some portion of the walleye population returns to the Aiken River to 

spawn in successive years. YFFN Members have identified spawning areas between cabin sites 

(Hilderman, Thomas, Frank and Cram 2002). 

5D.1.2 KEEYASK AREA 

Potential walleye spawning areas in the Keeyask area are illustrated in Map 5D-2. 

1. Radio-tagged walleye were frequently detected in this area during late-May and early June in 

every year that tracking occurred. A few walleye have been captured in this area in near-spawn 

condition. 

2. A few of the radio-tagged walleye were detected below Birthday Rapids during the spring when 

water temperatures were within the species‟ spawning range in 2002 and 2003. Moderate 

numbers of ripe and pre-spawning walleye have been captured in this area during the spring. 

Only a few larval walleye were captured in drift traps set in this area during the spring of 2001; 

water temperatures at this time were between 15 and 16°C. However, large numbers of larvae 

that could only be identified as percid and Sander sp. were captured in subsequent years. Water 

temperatures were a few degrees higher at the start of drift sampling in these years (more than 

15°C). 

3. Two walleye in spawning condition were captured in this area during the spring of 2004 and this 

habitat likely provides suitable spawning habitat.   

4. One ripe walleye was captured in this area during the spring of 2004 and this area likely provides 

suitable spawning habitat. A few larval fish that could only be identified as belonging to the 

family Percidae were captured downstream of this area during spring of 2003 and 2004. 

5. This area provides some suitable habitat for spawning and a few ripe and running walleye have 

been captured in this area during the spring.  

6. Same as # 5 above. As well, several spent individuals have been captured here. 
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7. This area provides some suitable habitat for spawning and a few pre-spawn and spent walleye 

have been captured in this area during the spring. 

8. Same as # 7 above. 

9. Same as # 7 above. 

10. Spent walleye have been captured in this area during the spring. 

11. A few larval fish that could only be identified to family Percidae were captured in this area during 

spring of 2002. A few ripe or near-ripe fish were also captured in this area during the spring. This 

area provides some suitable habitat for spawning. 

12. Larval walleye were captured in this area during spring 2001–2003. Larval walleye were also 

captured downstream of this area in 2003, but these fish likely drifted downstream from Gull 

Rapids. Although larval walleye were not identified in the 2004 drift trap catch, a number of 

larvae that could only be identified as percids were observed, some of which were likely walleye. 

Walleye larvae were observed in drift traps when the water temperature in the Nelson River 

ranged between 15 and 21°C. Large numbers of ripe and near-ripe walleye were also captured in 

this area during the spring. Spawning fish were generally captured when the water temperature 

ranged from 7 to 17°C. Although relocation data for fish below Gull Rapids is limited, three of 

the radio-tagged walleye were detected in this area during the time water temperatures were in 

the appropriate range for walleye spawning in the years that telemetry was collected (2002 and 

2003). Post-spawn walleye have also been captured along this stretch. The KCNs have indicated 

that Gull Rapids provides spawning habitat (FLCN 2010 Draft; CNP Keeyask Environmental 

Evaluation Report; FLCN Environment Evaluation Report [Draft]). 

13. Large numbers of ripe and near-ripe walleye were captured in this area during the spring. Spent 

walleye were also captured in this stretch. 

14. Same as # 13 above. Also, one of the radio-tagged walleye was detected in this area during the 

time water temperatures were in the appropriate range for walleye spawning in 2002. 

15. A few near-ripe and ripe walleye were captured in this area. Spent walleye were also captured in 

this stretch. 

5D.1.3 STEPHENS LAKE AREA 

Potential walleye spawning areas in the Stephens Lake area are illustrated in Map 5D-3. 

1. This area provides some suitable habitat for spawning and moderate numbers of ripe and 

running walleye were captured in the area from 22–28 May 2003, when water temperatures in the 

river ranged from 10–15°C. However, larvae were not captured in drift traps set in the area. 

FLCN Members have reported that walleye spawn in the North Moswakot River (FLCN 2010 

Draft). 

2. This area provides some suitable habitat for spawning and moderate numbers of ripe and 

running walleye were captured in the area from 23–29 May 2003, when water temperatures 
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ranged from 14 to 16°C. However, larvae were not captured in drift traps set in the area. FLCN 

Members have reported that walleye spawn in the South Moswakot River (FLCN 2010 Draft). 

3. This area provides some suitable habitat for spawning and a few ripe and running walleye were 

captured in the area during the spring of 2005. Walleye eggs were not observed. FLCN Members 

have reported that walleye spawn in Looking Back Creek (FLCN 2010 Draft). 

4. FLCN Members report that walleye spawning in the far corner of Ferris Bay (FLCN 2010 

Draft). 

5D.2 NORTHERN PIKE 

5D.2.1 SPLIT LAKE AREA 

Potential northern pike spawning areas in the Split Lake area are illustrated in Map 5D-4. 

1. A few larval northern pike were captured in drift traps set below the rapids during the spring of 

2001. A moderate number of ripe or near-ripe northern pike were captured in this area during 

the spring of 2002 when water temperatures ranged from 7–13°C. 

2. A small number of ripe or near-ripe northern pike were captured in this area during the spring of 

2002. 

3. Same as # 2 above. 

4. A moderate number of ripe or near-ripe northern pike were captured in this area during the 

spring of 2002 when water temperatures were between 11–12°C.  

5. A small number of near-ripe northern pike were captured in this area during the spring of 2004. 

6. A small number of ripe or near-ripe northern pike were captured in this area during the spring of 

2004. 

7. Same as # 6 above. 

8. Same as # 6 above. 

9. Large numbers of near-ripe northern pike and a few ripe northern pike were captured in this area 

during the spring of 2002. Most of these fish were moving upstream. A small number of 

northern pike larvae were captured in drift traps set downstream of the hoop nets in 2001 and 

2002. Spent northern pike were also observed in this stretch; these fish were moving 

downstream. 

10. Large numbers of near-ripe northern pike and a few ripe northern pike were captured in this area 

during the spring of 2001 and 2002. Post-spawn northern pike were also observed in this stretch. 

11. A few near-ripe northern pike were captured in this area during the spring of 2001 and 2002. 

Spent northern pike were also captured in this stretch. 

12. Same as # 11 above. 
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13. Moderate numbers of spent northern pike were captured in this area during spring in 2003.  

14. Large numbers of northern pike that were in ripe condition were captured in this area during the 

spring of 2003 and 2004. Large numbers of spent northern pike were also captured here. In 

2003, spawning was likely mostly completed by the time sampling commenced since water 

temperatures were consistently above 10°C and more northern pike were in spent rather than 

pre-spawn condition. In contrast, large numbers of ripe or near-ripe fish were captured from  

05–09 June 2004, when water temperatures ranged from 5–13°C.  

15. Large numbers of northern pike were observed in this area during the spring of 2002 and 2003, 

many of which were in spawning condition. Movement data from the hoop nets suggest that 

northern pike move to upstream locations in the river to spawn and return downstream to Split 

Lake post-spawn. 

5D.2.2 KEEYASK AREA 

Potential northern pike spawning areas in the Keeyask area are illustrated in Map 5D-5. 

1. Radio-tagged northern pike were frequently detected in this area when water temperatures were 

within the species‟ preferred spawning range in both 2002 and 2003. A few ripe and near-ripe 

northern pike have also been captured here in the spring. 

2. This area provides suitable spawning habitat for northern pike and a few ripe and near-ripe fish 

have been captured here in the spring. 

3. Same as # 2 above. 

4. Same as # 1 above. 

5. A few sexually mature northern pike that were preparing to spawn were captured in this area. 

Around the same time, one of the radio-tagged northern pike was detected in this area in both 

2002 and 2003. 

6. A moderate number of ripe and near-ripe northern pike have been captured in this area during 

the spring. 

7. Same as # 2 above. 

8. Same as # 2 above. 

9. Same as # 2 above. 

10. Same as # 2 above. As well, moderate numbers of larval northern pike were captured in drift 

traps set upstream in the creek in 2001 and 2003.   

11. Same as # 2 above.  

12. Same as # 2 above. However, only a single larval northern pike was ever captured in the creek. 

13. Same as # 2 above. As well, moderate numbers of larval northern pike were captured in drift 

traps set upstream in the creek in 2001 and 2002. 
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14. Sexually mature northern pike have been captured in this area in ripe or near spawn condition 

every spring that sampling has been conducted (2001–2004). At around the same time of year, a 

few of the radio-tagged northern pike were frequently detected in this area during the spring in 

both 2002 and 2003. A few larval northern pike have been captured in drift traps set below the 

rapids during the spring of 2001. Larvae were virtually absent from traps set in subsequent years, 

but the water temperature at the start of these programs exceeded the temperature at which 

northern pike larvae were captured in 2001 (14–16°C). 

15. This area provides suitable spawning habitat for northern pike. However, no larvae were 

captured in this creek in 2003. 

16. In all years that maturity was assessed as part of gillnetting studies (2001–2004), northern pike 

that were ripe or near-ripe northern pike were captured in this area. Spawning fish were generally 

captured when water temperatures in the lake ranged from 8–16°C. Around the same time of 

year (late-May to early June), one of the radio-tagged northern pike was detected in this area 

multiple times. A few larval northern pike were captured in drift traps set in 2001 and 2003. 

Larvae were generally observed in the catch when water temperatures ranged between 14 and 

18°C. Drift traps set in 2002 were likely set too late in the season to capture larval northern pike 

as the water temperature had already reached 17°C by the first day of sampling. The KCNs have 

indicated that Gull Rapids provides spawning habitat (FLCN 2010 Draft; CNP Keeyask 

Environmental Evaluation Report; FLCN Environment Evaluation Report [Draft]). 

17. A few ripe and near-ripe northern pike and a few larval northern pike were captured in this area 

during the spring of 2003. The KCNs have indicated that Gull Rapids provides spawning habitat 

(FLCN 2010 Draft; CNP Keeyask Environmental Evaluation Report; FLCN Environment 

Evaluation Report [Draft]). 

18. This area provides suitable spawning habitat for northern pike, although the tributaries may not 

be accessible in all years. Several ripe and near-ripe northern pike were captured in the bay in 

2004 but only one ripe female was captured in the tributary as part of sampling conducted in 

2005 and 2006. 

19. Same as # 18 above. Spent northern pike were captured in Pond 13 during the spring of 2006; 

however, larvae were not captured here. 

5D.2.3 STEPHENS LAKE AREA 

Potential northern pike spawning areas in the Stephens Lake area are illustrated in Map 5D-6. 

1. A few ripe and running northern pike were captured in this area during the spring of 2003; 

however, larvae were not captured. FLCN Members have reported that northern pike spawn in 

the Moswakot rivers (FLCN 2010 Draft). 

2. A few ripe and running northern pike were captured in this area during the spring of 2003. 

3. Same as # 1 above. 
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4. Same as # 2 above. 

5. A few ripe and near-ripe northern pike were captured in the area during the spring of 2005; 

however, northern pike eggs were not observed. Spent northern pike were also observed in this 

stretch. FLCN Members have reported that northern pike spawn in Looking Back Creek (FLCN 

2010 Draft). 

5D.3 LAKE WHITEFISH 

5D.3.1 SPLIT LAKE AREA 

Potential lake whitefish spawning areas in the Split Lake area are illustrated in Map 5D-7. 

1. A few larval lake whitefish and unidentified coregonines were captured in drift traps set during 

the spring of 2001 and 2002. Spawning adults have not been observed at this location as 

sampling has not been conducted in this area during the fall. 

2. Large numbers of ripe or near-ripe lake whitefish were captured in this area during the fall of 

2001 and 2002. Many of these fish were recaptured in spawning condition on multiple occasions 

over the sampling period. Several of these fish were subsequently recaptured in post-spawn 

condition. Therefore, it is likely that the lake whitefish holding at this location had spawned 

nearby. The recapture of several spawning lake whitefish during the fall of 2002 in approximately 

the same location in which they had been tagged the previous year suggests that lake whitefish 

may return to the same location to spawn in successive years. 

3. A number of sexually mature lake whitefish were captured at the mouth of the Aiken River 

during the fall of 2004; however, only one fish was in spawning condition at the time of capture. 

The absence of lake whitefish in the river itself suggests that lake whitefish may stage at the 

mouth prior to upstream spawning movement. The lack of ripe or ripening fish suggests that 

spawning had not yet occurred in this area by the end of the sampling program and that 

spawning movements may have occurred only after ice formation. 

5D.3.2 KEEYASK AREA 

Potential lake whitefish spawning areas in the Keeyask area are illustrated in Map 5D-8. 

1. Several larval lake whitefish and unidentified coregonines were captured in drift traps set in this 

area during the spring of 2001, 2003, and 2004. However, few spawning adults have been 

captured in this area during the fall. Ripe fish were only observed in 2003, during which time 

water temperatures ranged from 4–7°C. In 2002, one of the acoustic-tagged lake whitefish was 

relocated in this area during late September. 

2. A few of the radio-tagged and/or acoustic-tagged lake whitefish were relocated in this area when 

water temperatures were within the species preferred spawning range in 2001 and 2002. Also, a 
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few larval lake whitefish were captured in neuston tows conducted in this area in spring 2003 and 

2004. 

3. Large numbers of ripe or near-ripe lake whitefish were captured in this area during fall of  

2001–2003. Many of the pre-spawn fish were recaptured on multiple occasions below the rapids, 

several of which were later recaptured in ripe condition. A few larval Coregonus were also captured 

in this stretch during spring 2003, suggesting that lake whitefish had spawned in the area the 

previous fall. 

4. Coregonine larvae were captured in this area during spring 2003, suggesting that lake whitefish 

had spawned in the area the previous fall. The KCNs have indicated that Gull Rapids provides 

spawning habitat (FLCN 2010 Draft; CNP Keeyask Environmental Evaluation Report; FLCN 

Environment Evaluation Report [Draft]). 

5D.3.3 STEPHENS LAKE AREA 

Potential lake whitefish spawning areas in the Stephens Lake area are illustrated in Map 5D-9. 

1. A few ripe and near-ripe lake whitefish were captured in this area during the fall of 2002 and 

2003. However, no larvae were captured in this stretch during the spring of 2003. FLCN 

Members have reported that lake whitefish spawn in the Moswakot rivers (FLCN 2010 Draft). 

2. Same as # 1 above. 

3. FLCN have reported that lake whitefish spawn in Looking Back Creek (FLCN 2010 Draft). 

4. FLCN have reported that lake whitefish spawn in Ferris Bay (FLCN 2010 Draft). 
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APPENDIX 5E 

FISH SWIMMING PERFORMANCE 
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5E.1 INTRODUCTION 

Fish swimming performance is generally described using three basic modes: sustained; prolonged; and 

burst. Sustained swimming is used to achieve relatively slow speeds for long time periods and is generated 

by aerobic metabolism (Beamish 1978). Burst swimming produces fairly high speeds for short time 

periods and is fuelled by energy from anaerobic processes (Beamish 1978). Prolonged swimming uses 

both aerobic and anaerobic energy sources to produce speeds intermediate between sustained and burst 

(Peake et al. 2000). Critical swimming velocity (Ucritx) has been defined as the maximum velocity a fish 

can swim against for time x (in minutes). Ucrit60 is defined as the highest swimming speed that a fish can 

maintain indefinitely, or its maximum sustained speed (Beamish 1978).   

Critical swimming velocity has been used to infer the ability of fish to swim against velocity in sustained, 

prolonged or burst modes of swimming. The ability of a fish to maintain position or traverse areas of a 

river is dependent on several physical and biological factors, including water velocity, mode of swimming 

(e.g., subcarangiform versus anguilliform), water temperature, and fish length (Katopodis 1993). Studies 

on Ucrit by Katopodis (1993) demonstrate that for temperate fishes Ucrit can vary among fish species 

(Table 5E-1).  

Classification of the swimming modes of fish is based on the nature of body movements. Fishes found in 

the study area represent approximate anguilliform and subcarangiform swimming modes (Lindsey 1978). 

Anguilliform swimming represents undulatory locomotion where the whole length of the body flexes into 

lateral waves. In comparison, other fishes, like the subcarangiform, are stronger swimmers as they swim 

by moving mostly the caudal fin and the posterior half of the body.   

5E.2 SUBCARANGIFORM 

Most average Ucrit values for subcarangiform fish species in the DFO database (all length classes pooled) 

with satisfactory sample sizes are similar, and have Ucrit values of about 0.55 m/s. Burst, prolonged, and 

sustained swimming speeds for fish using subcarangiform swimming mode are presented in Figure 5E-1.   

5E.3 ANGUILLIFORM 

In laboratory conditions, the anguilliform swimmers listed in Table 5E-1 demonstrate a lower aerobic 

metabolic scope when compared to subcarangiform fishes, and thus are expected to tire more readily. 

While listed as an anguilliform swimmer by DFO, northern pike are not particularly representative of the 

undulatory anguilliform swimming mode like that exhibited by eels (Webb 1998). Due to their ambush 

method of predation, northern pike tend to either move little or, as shown in Figure 5E-2 below, swim 

slowly or rapidly. Critical swimming velocity for anguilliform fish is lower than that of subcarangiform 

fish (Table 5E-1). Burst/prolonged and sustained swimming speeds for fish using anguilliform swimming 

mode are presented in Figure 5E-2.   
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5E.4 CLASSIFICATION OF WATER VELOCITY 

Based on the material presented in Table 5E-1, Figure 5E-1 and Figure 5E-2, water velocity was classified 

into the following three groupings: 

Low (0–0.5 m/s)  

Sub-carangiform – all fish greater than 200 mm in length can use sustained swimming. Sub-carangiform 

fish 200 and 500 mm in length would shift from sustained to prolonged swimming at water velocities of 

0.5 and 0.8 m/s, respectively. 

Anguilliform – 200 and 500 mm long northern pike will shift from sustained to prolonged/burst 

swimming at water velocities of 0.1 and 0.2 m/s, respectively. 

Medium (0.5–1.5 m/s)  

Sub-carangiform – 200 and 500 mm long sub-carangiform fish will shift from prolonged to burst speed 

at velocities of 0.9 and 1.5 m/s, respectively. 

Anguilliform – as water velocities increase from 0.5 to 1.5 m/s, northern pike would shift to more use of 

burst swimming as opposed to prolonged swimming, and the distance they could swim would decrease. 

High (more than 1.5 m/s) 

Sub-carangiform – at water velocities greater than 1.5 m/s, sub-carangiform fish of all lengths would 

employ burst swimming. Endurance would be limited to 10 seconds or less and 200 and 500 mm long 

fish would be restricted to distances of approximately 0.7 and 4.0 m/s. 

Anguilliform – at water velocities greater than 1.5 m/s, northern pike of all lengths would employ burst 

swimming. As with sub-carangiform fish, endurance would be limited to 10 seconds or less and 200 and 

500 mm long fish would be restricted to distances of approximately 0.7 and 4.0 m/s. 
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Table 5E-1: Mean Ucrit values for select species found in the study area  

  Ucrit (m/s) 

Common Name1 Scientific Name Mean 
Standard 

Deviation 
Range n2 

Lake whitefish Coregonus clupeaformis 0.545 0.173 0.151-0.905 166 

Longnose sucker Catostomus catostomus 0.568 0.212 0.150-1.081 150 

Walleye Sander vitreus 0.559 0.214 0.138-0.912 54 

White sucker Catostomus commersonii 0.553 0.126 0.326-0.800 20 

Yellow perch Perca flavescens 0.434 0.055 0.3130.537 115 

Burbot* Lota lota 0.396 0.081 0.201-0.525 52 

Northern pike* Esox lucius 0.382 0.150 0.105-0.773 187 
Source: Table A11-1 Manitoba Hydro and NCN (2003) 
1. Anguilliform; all others subcarangiform. 
2. Number of fish measured. 
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Figure 5E-1: Sustained, prolonged, and burst swimming for fish utilizing sub-

carangiform locomotion (after Katopodis 1993) 
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Figure 5E-2: Anguilliform swimming mode water velocities equating to sustained, 

prolonged, and burst swimming (after Katopodis 1993) 
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6.0 LAKE STURGEON 

6.1 INTRODUCTION 

The lake sturgeon (sturgeon/namayo/Acipenser fulvescens) is a long-lived species that was historically 

relatively abundant and widespread in Manitoba. Lake sturgeon currently inhabit the section of the 

Nelson River that will be impounded by the Keeyask Generating Station (GS), as well as areas 

immediately upstream to the Kelsey GS, including the Grass, Burntwood, and Odei rivers, and 

downstream to the Kettle GS. Lake sturgeon are present in the North and South Saskatchewan Rivers in 

Alberta, the Saskatchewan and upper Churchill Rivers in Saskatchewan, and the Saskatchewan, Churchill, 

Nelson, Hayes, Winnipeg, Pigeon, Red, and Assiniboine rivers in Manitoba. In Ontario, lake sturgeon 

inhabit the southern Hudson, James Bay, and Great Lakes drainages, including the freshwater portion of 

the St. Lawrence River. In the United States, lake sturgeon occur in the Mississippi, Lake Michigan, and 

Lake Superior drainage basins. Appendix 6A provides a detailed literature review of lake sturgeon 

ecology. 

The lake sturgeon has often been referred to as a ―living fossil‖ due to its retention of primitive 

characteristics, which include a cartilaginous skeleton, bony plates (or scutes), and the heterocercal tail 

typical of the shark family. Lake sturgeon are spring spawners that are slow to reach sexual maturity  

(14–16 years (y) of age for males and 24–26 y for females) and spawn relatively infrequently (every 2 y for 

males and every 4–7 y for females). These life history characteristics, in conjunction with a slow growth 

rate, made the lake sturgeon particularly vulnerable to over-exploitation by the commercial fishing 

industry during the late 19th and 20th centuries. Commercial harvest of lake sturgeon began in Manitoba 

during the late 1800s, with initial effort focusing on Lake Winnipeg. Commercial fishing for lake sturgeon 

in the Nelson River began in 1907 and the fishery first collapsed in 1911. The fishery was reopened in 

1916 but collapsed several more times due to overfishing. The fishery was closed permanently in 

Manitoba in 1992. The characteristics that made lake sturgeon populations slow to recover following 

over-exploitation (i.e., late age at maturity and low spawning periodicity) coupled with the preference for 

large river rapids for spawning also make this species sensitive to habitat alterations related to 

hydroelectric developments.  

First Nations have identified lake sturgeon as a culturally important species. The lake sturgeon has been 

designated a heritage species in Manitoba and recently, western Canada lake sturgeon populations  

(i.e., those in Manitoba, Saskatchewan, and Alberta) have been assessed as ―endangered‖ by the 

Committee on the Status of Endangered Wildlife in Canada (COSEWIC 2006). Presently, the lake 

sturgeon is under consideration for listing under Schedule 1 of Canada’s Species at Risk Act. Due to their 

cultural importance and COSEWIC status, this species was selected as a VEC in this impact assessment. 

A brief description of the information sources, methods, and study area for the lake sturgeon assessment 

are provided in Section 6.2. The historic and current conditions of the lake sturgeon population in the 

study area are described in Section 6.3. Lake sturgeon abundance and habitat use are described for each 

of the study reaches followed by a description of lake sturgeon movements in the entire study area. 
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Project effects, including construction, operation, residual, and cumulative effects, and mitigation are 

described in Section 6.4 along with environmental monitoring and follow-up programs.  

6.2 APPROACH AND METHODS 

6.2.1 Overview to Approach 

The approach taken for the lake sturgeon effects assessment was similar to the general approach taken 

for other aquatic environment components and was composed of two major steps: 

 A description of the existing aquatic habitat conditions to provide the basis for assessing the 

potential effects of the Project on these components; and 

 An effects assessment in which the predicted post-Project environment was described and changes 

from existing environment quantified. 

An ecosystem-based approach was employed to assess the potential impacts of the Project on lake 

sturgeon, in which both direct and indirect pathways of effects were considered. Information presented 

incorporates findings from other aquatic components (i.e., water quality, aquatic habitat, lower trophic 

levels, and other components of the fish community).  

The spatial scale at which effects are described includes both areas directly affected by the project as well 

as a larger regional context. 

The temporal scale of the assessment considers both the historic and existing environments, which are 

described using several sources of information, including local knowledge, existing published 

information, and studies conducted specifically as part of the environmental impact assessment of the 

Project. Environmental assessment studies for lake sturgeon were conducted from 2001–2008. Data from 

additional studies conducted in 2009 and 2010 were only used to address information gaps about the 

existing environment for sturgeon. The assessment also considered available information as to population 

trends of lake sturgeon to the future, if the Project is not constructed.  

Potential Project-related effects on lake sturgeon were assessed based on habitat suitability index (HSI) 

models developed for the Keeyask area and comparisons to lake sturgeon populations in other reservoir 

environments. The information sources and impact assessment approaches are discussed below.  

6.2.2 Study Area 

The study area for lake sturgeon investigations extends along the Nelson River from the Kelsey GS in the 

southwest, downstream to Stephens Lake in the east (Map 1-1). The magnitude of physical change (e.g., 

changes in water levels and flows) differs substantially among areas and, consequently, the study area for 

lake sturgeon was divided into three areas on the Nelson River: 

 Split Lake area (Split Lake and adjoining water bodies, including Clark Lake and the lower reaches of 

the Grass, Odei, and Burntwood rivers). This area was included as it provides habitat for the regional 
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lake sturgeon population and may be indirectly affected by movements of sturgeon from the directly 

affected Keeyask area (Map 6-1); 

 Keeyask area (Nelson River extending from the outlet of Clark Lake to the inlet of Stephens Lake 

and tributary streams). For the purposes of discussion, this area has been further sub-divided into 

two reaches (Map 6-2):  

o Nelson River between Clark Lake and Gull Rapids, which includes the reservoir in the post-

Project environment; and 

o Gull Rapids to approximately 4 kilometres (km) downstream, where water levels and flows will 

be affected by operation of the GS; and 

 Stephens Lake area. This area is downstream of the hydraulic zone of influence (HZI) of the Project, 

but sturgeon rely on habitat at and immediately downstream of Gull Rapids (Map 6-3). 

Overall sampling effort was highest in the Keeyask area because this is the area in which Project effects 

to sturgeon habitat are expected to be the greatest. For this reason, additional studies were required in 

this area in order to develop the Habitat Suitability Index (HSI) models used to assess predicted habitat 

changes on lake sturgeon. 

6.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for lake sturgeon are detailed in this section. 

6.2.3.1 Existing Published Information 

A number of studies were conducted by the Province of Manitoba (Fisheries Branch) to collect harvest 

and biological data that would help set management quotas for the Nelson River commercial fishery for 

sturgeon prior to its closure in 1992 (Kooyman 1955; Sunde 1959, 1961; Sopuck 1987; Harkness 1980; 

Patalas 1988). Although the commercial fishery extended as far downstream as Kettle GS, these studies 

focused on the more heavily fished areas upstream of Kelsey GS such as Sipiwesk Lake. However, 

Patalas (1988) and MacDonell (1997) documented commercial quotas and yields for the management 

zone that encompassed what is now the study area. MacDonell (1997) provided an account of the history 

of the lake sturgeon fishery from the perspective of the Bayline communities of Pikwitonei, Thicket 

Portage, and Wabowden. The Nelson River Sturgeon Co-Management Board (NRSCB) was established 

in 1992 to assist with the management of the domestic fisheries in communities along the Nelson River 

from Norway House downstream to Split Lake. Macdonald (1998) reported on a 5-year (1992–1997) field 

program conducted by the NRSCB in this reach in order to establish a sustainable level of harvest. 

Biological data were collected from sturgeon as part of this program, and included information on fish 

captured in the Gull Lake area. The NRSCB has published a number of reports documenting its progress 

and activities since this time. 
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6.2.3.2 Keeyask Environmental Studies 

Keeyask environmental studies focusing on lake sturgeon were conducted in the study area over an  

8-year period (2001–2008). The field program consisted of four primary components as follows: 

 Spring spawning; 

 Summer/fall habitat use; 

 Overwintering; and  

 Movements. 

For each component, a variety of gear types were used to sample lake sturgeon, including gill nets of 

various mesh sizes, drift traps, radio and acoustic telemetry, and Floy®-tags. Detailed approach and 

methods for these studies are presented in Appendix 6B. 

Movement studies were conducted to gain a general understanding of lake sturgeon movements within 

the study area; to assess whether fish move upstream and/or downstream through Birthday Rapids and 

Gull Rapids; and to document concentrated movements of fish that can be used to identify important 

habitat, such as spawning locations. Information on movements through Gull Rapids was used to help 

determine whether fish passage might be required for the Keeyask Project. Lake sturgeon habitat use in 

the existing environment was described in part by calculating gillnet catch-per-unit-effort (CPUE) in 

various habitat types. The habitat classification system used for these calculations is provided in 

Appendix 6B.  

Population estimates for adult lake sturgeon were developed from mark/recapture studies during spring 

in the Burntwood River between First Rapids and Split Lake, the Nelson River between Kelsey GS and 

Split Lake, and the Nelson River between Clark Lake and Gull Rapids. With sufficient numbers of tagged 

lake sturgeon and study duration, population models could estimate the proportion of lake sturgeon that 

were not returning to these reaches each year but were present elsewhere in the range of the population 

to provide an estimate of the total population in each area.  

6.2.4 Assessment Approach 

Impacts of the Project on lake sturgeon were assessed using two approaches:  

 Habitat suitability index models predicting changes to lake sturgeon habitat in the Keeyask area; and  

 Condition of sturgeon populations in Stephens Lake and other hydroelectric reservoirs.  

Habitat-based CPUE analyses were based on three life stages: 

 Young-of-the-year (YOY) — classified as lake sturgeon measuring approximately 

150–200 millimetres (mm) long and are approximately 3 months old (captured in late summer/early 

fall); 

 Sub-adults — classified as lake sturgeon measuring approximately 200–833 mm fork length (FL)and 

are approximately 1–15 y old; and 
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 Adults — lake sturgeon measuring greater than or equal to 834 mm FL 1. 

Habitat Suitability Index models were developed in consultation with Fisheries and Oceans Canada 

(DFO; formerly known as the Department of Fisheries and Oceans) to estimate the amount of suitable 

lake sturgeon spawning habitat and foraging habitat (YOY, sub-adult, and adult) in the Keeyask area and 

upper Stephens Lake in the existing and post-Project environments. Development of these models is 

described in detail in Appendix 6D. Foraging adults (i.e., non-spawners) and spawning adult fish in the 

Keeyask area were defined as follows:  

 Non-spawners included summer and fall captures of adult fish (greater than or equal to 834 mm FL) 

only. This is because sexual maturity was not always evident for adults captured during spring. 

 Spawning adults were deemed such based only on physical evidence of reproductive activity (i.e., fish 

expressed gametes when pressure was applied to the abdomen). 

Habitats in the Keeyask area and upper Stephens Lake were grouped into four HSI intervals representing 

varying degrees of the habitat’s suitability for lake sturgeon: 

 

HSI Suitability 

0.001 to < 0.25 Low 

0.25 to < 0.50 Moderate 

0.50 to < 0.75 High 

0.75 to 1.0 Very High 

 

HSI values were used to calculate the weighted usable area (WUA) of spawning and foraging habitat. 

Changes in WUA between the existing and post-Project environments were used to help assess the 

degree to which lake sturgeon habitat use would be altered by the Project (Section 6.4). It is important to 

note that WUAs presented in this document were used to determine the distribution of important 

sturgeon habitat in the area and provide a relative measure of the magnitude of potential impacts. WUAs 

should not be interpreted as an absolute measure of the amount of habitat available either pre- or post-

Project. The spatial distribution of suitable habitat (e.g., proximity of YOY foraging habitat to spawning 

grounds) was also taken into consideration in the assessment. 

                                                      

1 The size distinction between sub-adult (less than 834 mm) and adult fish (greater than or equal to 834 mm) was 

adopted from lake sturgeon spawning at the Weir River (Holm et al. 2006) where a large number of fish can be 

captured in a smaller area over a short time period compared with the Keeyask area. This allows a greater number 

of lake sturgeon to be sexed by gamete extrusion providing a more representative dataset on fish size at maturity. It 

also corresponds well to the size of the smallest sexually mature fish (826 mm) captured in the study area during 

environmental studies. 
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6.3 ENVIRONMENTAL SETTING 

6.3.1 Pre-1997 Conditions  

Lake sturgeon formed an important part of the subsistence economy in the upper Nelson River prior to 

the arrival of European settlers (MacDonell 1997). Annual gatherings associated with the harvest of lake 

sturgeon also served to strengthen social and cultural traditions amongst the Cree communities (Socio-

economic, Resource Use, and Heritage Resources Supporting Volume [SE SV] Section 1.2.3.1.1). The 

earliest quantitative records of lake sturgeon harvest are from the Hudson Bay Company archive and date 

back to 1832. The records pertain to the purchase of sturgeon isinglass (a gelatin from the swim bladders 

of fish) in the Norway House district (compiled by V. Petch; MacDonell 1997). From 1832 to 1891, the 

Hudson Bay Company purchased an average of 143 kilograms (kg) of isinglass (equivalent to 

approximately 40,612 kg of dressed sturgeon) at the Norway House post. This harvest was probably 

taken from Lake Winnipeg, its tributaries, and Playgreen Lake, but gives an indication of the extent of the 

lake sturgeon fishery before the ―commercial fishery‖ began (MacDonell 1997).  

Commercial production of lake sturgeon from Manitoba waters began in the late 1800s with the 1887 

completion of the railroad linking Winnipeg to eastern markets (Sunde 1959). Initial effort focused on 

Lake Winnipeg and, although lake sturgeon were known to have been taken from the Nelson River by 

that time, all harvest from northern Manitoba was listed as Lake Winnipeg production (MacDonell 1997). 

Annual harvest of lake sturgeon from Lake Winnipeg reached nearly 80,000 kg by 1896 and by 1900, 

production had reached 445,000 kg (Patalas 1988; MacDonell 1997). Despite continued high prices and 

increased fishing effort, the sturgeon harvest from Lake Winnipeg declined rapidly and, by 1910, was only 

13,700 kg (Patalas 1988). The fishery closed from 1911 to 1916, closed permanently in 1928, and never 

recovered.  

Continued demand for lake sturgeon and the collapse of the Lake Winnipeg fishery led to increased 

harvesting on the Winnipeg, Saskatchewan, and Nelson Rivers. The commercial fishery on the upper 

Nelson River is cited by several authors as beginning in 1907 (Sunde 1961; Sopuck 1987; Patalas 1988) 

and by Tough (1987) as beginning in 1902. In this early part of the fishery, most of the harvest appears to 

have been taken from Lake Winnipeg downstream to (and including) Sipiwesk Lake. After a harvest of 

over 61,000 kg in 1902, production of the fishery declined to just over 3,000 kg by 1907 (Tough 1987 in 

MacDonell 1997). An annual average of only 6,400 kg was harvested from the Nelson River from 1908–

1910 when concern over declining sturgeon stocks prompted a province-wide closure of the fishery from 

1911 to 1916 (MacDonell 1997).  

The Manitoba sturgeon fishery reopened in 1916 to meet demands resulting from World War I. The 

downstream extent of the fishery in the Nelson River increased with the completion of the Hudson Bay 

Railway to 9.6 km north of Gillam in 1917 (MacDonell 1997). The Nelson River fishery began in earnest 

that year, producing 57% of the total Manitoba production (119,000 kg; Patalas 1988). The fishery was 

opened all the way down to Kettle Rapids (now Kettle GS) in 1924, and to the Angling River in 1940. 

The fishery would undergo three more temporary closures between 1917 and 1970, after periods of high 

exploitation followed by collapse. During the periods the fishery was open (1917–1933, 1937–1946, 
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1953–1960), harvests ranged from one to 120 percent of the annual quota, but on average only reached 

50% of the quota. After the third closure of the fishery (1947–1952), the downstream extent of the 

fishery varied; and after the fourth closure (1961–1969), five management zones were created between 

Lake Winnipeg and Port Nelson, with each zone having its own catch quota (MacDonell 1997).  

Of the 58,168 kg of lake sturgeon harvested by the commercial fishery between 1970 and 1987, 83% of 

the total production was taken from the Sipiwesk Lake area (zones 2 and 3; Patalas 1988). Despite a 

relatively large annual quota for zones 1, 4, and 5 (4,500–4,700 kg combined), only 7.4% (4,305 kg) of the 

total production from 1970–1987 originated in Zone 4, the area that encompasses what is now the study 

area (Patalas 1988). Assuming an average weight of 9–18 kg (20–40 pounds) per fish2, this harvest would 

equate to approximately 250–500 fish taken from the study area during this period.  

The fishery was finally closed in 1992, when it was purchased from commercial fishers by the 

Department of Northern Affairs and the Manitoba Department of Natural Resources (MacDonell 1997). 

A province-wide ban on commercial fishing for lake sturgeon was implemented in the 1990s. 

In addition to over-harvest, lake sturgeon in the Nelson River have been affected by hydroelectric 

development at rapids that were historic spawning sites, including the construction and operation of the 

Kelsey GS (1957), the Kettle GS (1966), and CRD/LWR (1976). The Bayline communities of Pikwitonei, 

Thicket Portage, and Wabowden reported abundant lake sturgeon below Kelsey GS prior to its 

development, in both the Nelson River mainstem and its tributaries (MacDonell 1997). In the 1930s and 

1940s, lake sturgeon were sighted or captured at the base of Kelsey Rapids (now the site of Kelsey GS), 

the lower Grass River (including the base of Witchai Lake Falls), below First Rapids on the Burntwood 

River, where the Burntwood and Odei Rivers enter Split Lake, in the Odei River, and Gull Lake. Kelsey 

Rapids and Witchai Lake Falls were also believed by some fishermen to be spawning locations for 

sturgeon prior to Kelsey GS (MacDonell 1997).  

Fox Lake Cree Nation Members stated that prior to hydro development, sturgeon were plentiful and 

were harvested by First Nations along the entire stretch of the lower Nelson River system, particularly at 

the mouths of the larger tributaries (FLCN 2008 Draft). Notable fishing locations included Kettle Rapids 

(now the site of Kettle GS; FLCN 2008 Draft), a former creek called Oskotowi Sipi (Moose Nose Lake 

area; FLCN 2009 Draft), and former rapids at ―Indian Grave Channel‖ (FLCN 2009 Draft), which is 

located near the now flooded Moswakot Rivers/Nelson River junction in Stephens Lake (FLCN 2010 

Draft). Rapids between Gull Rapids and Kettle GS (now flooded) were also important fishing areas for 

sturgeon (FLCN 2010 Draft). Lake sturgeon spawned at Kettle and Gull rapids, and the Butnau River 

provided important sturgeon habitat (FLCN 2009 Draft).  

TCN members reported that both CRD and LWR caused a decline in lake sturgeon abundance (Split 

Lake Cree - Manitoba Hydro Joint Study Group 1996c). FLCN members stated that critical habitats were 

lost with each dam and fish could no longer move freely within their natural habitat as they were able to 

prior to dam construction (FLCN 2009 Draft). As each successive dam was built, there were fewer 

                                                      

2Average weight estimated from weight-frequency distribution for commercial catches from the Sipiwesk Lake area 

in 1953–1956 and 1987–1988 as presented in Patalas (1988).  
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sturgeon (FLCN 2009 Draft), and populations downstream of generating stations declined sharply 

following impoundment (FLCN 2010 Draft).  

It is possible there were losses from the sturgeon population in the Kettle GS reservoir due to emigration 

of sturgeon during construction or immediately after in response to associated environmental 

disturbance. Tagging studies have confirmed downstream movement of lake sturgeon from the Long 

Spruce and Limestone reservoirs to the lower Nelson River following impoundment (North/South 

Consultants Inc. [NSC] 2012). These movements represent a loss to the reservoir populations, which can 

only be replaced by downstream movements from farther upstream. 

Overall, there are now fewer sturgeon in Stephens, Gull, and Clark lakes (Split Lake Cree - Manitoba 

Hydro Joint Study Group 1996c). In response to directions from War Lake First Nation (WLFN) Elders, 

sturgeon are now harvested in lower quantities to preserve their populations (CNP, YFFN and FLCN 

2011), and only the odd sturgeon is captured and used by the York Factory community (SE SV). 

Published scientific information on lake sturgeon in the study area prior to 1997 is limited. From 1953–

1956 and in 1959, biological data were collected by the Manitoba Fisheries Branch from lake sturgeon 

harvested at commercial fishing locations along the Nelson River, including Gull Lake (MacDonell 1997). 

However, these data were published for the fishery as a whole rather than individual locations (Kooyman 

1955; Sunde 1959; Sunde 1961).  

Studies providing biological data or population statistics on lake sturgeon for the post-Kelsey GS period 

were limited to the Sipiwesk Lake area (Sopuck 1987; Patalas 1988). The sturgeon population in Sipiwesk 

Lake likely uses the entire reach of the Nelson River from Eves/Whitemud falls to the Kelsey GS, 

spawning at several locations including in the Landing River and at various rapids and falls upstream of 

Sipiwesk Lake (McCart 1992). A field program conducted by the NRSCB in this reach of the Nelson 

River in order to establish a sustainable level of harvest concluded that large-scale changes to the available 

habitat did occur as a result of LWR (Macdonald 1998). However, habitat availability was not considered 

to be a limiting factor for the sturgeon in the area. In addition, no obvious year class failure attributable 

to the construction of Kelsey GS could be detected, though it was too early to detect any year class 

changes caused by Jenpeg GS (Macdonald 1998). Over-harvesting, both historical (primarily commercial) 

and at the time of publishing (domestic), were the biggest problems faced by the sturgeon stocks 

(Macdonald 1998). Because of the time required for sturgeon to reach sexual maturity and catchable size, 

impacts of previous hydroelectric developments would be slow to appear in the population (Macdonald 

1998). 

First Nations domestic fisheries continue to fish sturgeon on most water bodies that support fishable 

populations. In the Supreme Court Canada decision R. vs. Sparrow in 19903, gear and season restrictions 

                                                      

3 In 1990, the Supreme Court of Canada issued a landmark ruling in the Sparrow decision. This decision found that 

the Musqueam First Nation has an Aboriginal right to fish for food, social and ceremonial purposes. The Court 

found that where an Aboriginal group has a right to fish for food, social and ceremonial purposes, it takes priority, 

after conservation, over other uses of the resource. The Supreme Court also indicated the importance of consulting 

with Aboriginal groups when their fishing rights might be affected. 
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similar to those of the commercial fishery were removed from the Treaty Indian domestic fishery. The 

NRSCB was established in 1992 to assist with the management of the domestic fisheries within 

communities along the Nelson River from Norway House downstream to Split Lake. The primary 

objective of the program was to provide non-regulatory harvest recommendations to domestic fishers 

that would balance subsistence and cultural needs of the community while protecting lake sturgeon 

populations in the Nelson River from further decline (NRSCB and InterGroup Ltd. 1999; InterGroup 

Ltd. 2005). 

6.3.2 Current Conditions (Post-1996) 

6.3.2.1 Overview and Regional Context 

Presently, lake sturgeon occur throughout the study area in some of the larger rivers adjoining the Nelson 

River and in the riverine and lacustrine portions of the Nelson River. However, movements of lake 

sturgeon within the study area between the Split Lake, Keeyask, and Stephens Lake areas appear to be 

limited. Sturgeon were generally captured in the study area more often during spring, in part due to their 

congregation at spawning grounds. Lake sturgeon spawn in the spring, generally in a range of water 

depths in areas of swift current or rapids over gravel, cobble, and boulder-sized substrates. Spawning 

locations include First Rapids on the Burntwood River, Long Rapids, Birthday Rapids, Gull Rapids, and 

possibly high velocity areas in the Grass River and the vicinity of Kelsey GS. The entire reach of the 

Nelson River between Birthday and Gull Rapids, appears to be important foraging habitat for sturgeon. 

Lacustrine portions of the Nelson River (Split, Clark, Gull, and Stephens lakes) provide overwintering 

habitat in addition to foraging habitat.  

Population estimates of adult lake sturgeon (greater than or equal to 834 mm FL) in the Keeyask area 

(Birthday Rapids to Gull Rapids only) and Split Lake Area are presented in Table 6-1. Estimates could 

not be generated for the Stephens Lake area due to the relatively small number of sturgeon captured 

during environmental studies. The variability among annual population estimates and the wide 

confidence range are due to several factors. The variable spawning interval for lake sturgeon results in 

many fish that are not captured during every sampling period; this effect is compounded by different 

spawning intervals between males and females. Given that the population estimate is only for adult-sized 

lake sturgeon, the annual population estimate fluctuates based on the recruitment of new individuals, 

which relates to spawning success and juvenile survival 20 to 30 years in the past when spawning 

populations were still changing in response to the commercial fishery. Finally, erratic return of tags from 

fish harvested in the domestic fishery and incomplete harvest information results in episodic updates to 

mortality estimates that can result in a disproportionate amount of mortality being recorded in one year.  

During field studies, the highest average CPUE for lake sturgeon was in the Nelson River between Clark 

Lake and Gull Rapids and the lowest average CPUE was in Stephens Lake and in the Nelson River 

downstream of the Kelsey GS. Habitat suitable for each of the life history stages of lake sturgeon can 

currently be found in each of the three aforementioned areas. 

Annual population estimates for the Keeyask area were generally much lower than estimates for other 

water bodies in northern and southern Manitoba (Table 6-1). Estimates for the adult population between 
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Birthday and Gull Rapids ranged from 344 to 1,275 fish. The most recent estimate for this area was 

643 fish in 2008 (Table 6-1). Estimates for the adult population in the Split Lake area were also relatively 

low, ranging from 183 to 654 fish, and the most recent estimate (2009) at 585 fish. The sturgeon 

population in the Conawapa area (downstream of Limestone GS) is greater than either population in the 

study area, with an estimate of about 5,500 sturgeon. Estimates of lake sturgeon populations in the 

Winnipeg River between the Seven Sisters GS and Pointe du Bois GSs are also relatively high (Table 6-1). 

Lake sturgeon investigations were conducted in the Split Lake, Keeyask, and Stephens Lake areas during 

the spring from 2001 to 2008, though not all three areas were sampled in all years. Information on lake 

sturgeon in each of these three areas is presented in Section 6.3.2.2 to Section 6.3.2.4. Information on 

lake sturgeon genetics, health, and movements are presented for the study area as a whole in Section 

6.3.2.5, Section 6.3.2.6, and Section 6.3.2.7, respectively.  

6.3.2.2 Split Lake Area 

The Split Lake area (Map 6-1) was fished for lake sturgeon with large mesh gill nets during spring 

spawning investigations conducted at five locations from 2001–2008: 1) the Grass River; 2) the Nelson 

River near Kelsey GS downstream to Anipitapiskow and Sakitowak Rapids; 3) Split and Clark lakes; 4) 

the Burntwood River; and 5) the Odei River. Drift traps and egg collection mats were used to capture 

sturgeon eggs and larvae in the Burntwood, Odei, and Grass rivers as part of the spring spawning studies 

conducted in 2001, 2002, and 2007. In 2006, summer gillnetting was conducted in all of these areas 

except the Odei River. Large mesh gill nets were used to capture adult and sub-adult fish, and medium 

mesh gill nets were used to capture sub-adults and YOY fish to determine lake sturgeon use of the area 

outside the spawning season. Young lake sturgeon also would have been susceptible to capture in small 

mesh index gill nets and the smaller mesh sizes of standard gang index gill nets set in the Split Lake area 

as part of other Keeyask gillnetting studies conducted during five summers from 1997–2004, and summer 

2009. Refer to Appendix 6B for details of the sturgeon sampling programs conducted in the Split Lake 

area and to Section 5 for other fish community studies.  

Gillnetting CPUE data and habitat variables were examined at capture locations to identify habitat 

characteristics associated with foraging/rearing habitat. Spring captures of sub-adults (i.e., known non-

spawners) and summer/fall captures of all life stages were used as indicators of where, and in what types 

of habitat, lake sturgeon foraging might occur.  

6.3.2.2.1 Distribution and Abundance 

Spring 

Lake sturgeon were captured at all five locations in the Split Lake area during spring spawning studies but 

were most abundant in the Burntwood River and the vicinity of Kelsey GS. Catches in the Burntwood 

River consisted mostly of adult fish captured below First Rapids, where many of the fish were likely 

congregating to spawn. Overall adult CPUE was higher in the Burntwood River (0.09 fish per 24 h) than 

all other locations (Table 6-2). Although sub-adult lake sturgeon were also captured during spring studies, 

the overall CPUE for each location was lower than for adults (0.03 fish/24 h or less). Only one sub-adult 

was captured in the Grass River whereas at least six were captured in each of the other water bodies. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 6: LAKE STURGEON  6-11 

Summer 

Lake sturgeon were captured in the Kelsey GS vicinity and Split Lake during summer 2006, but not in the 

Grass or Burntwood rivers where fishing effort was limited (Table 6-2). Adult and sub-adult lake 

sturgeon were captured with equal frequency at both locations (0.01 fish/24 h). Overall CPUE during 

summer (0.02 fish/24 h; life stages and locations combined) was lower than the corresponding spring 

value for 2006 (0.04 fish/24 h). Two sub-adult and two adult lake sturgeon were captured in Split Lake 

during other fish community studies conducted during summer in 1997 and 2002 (Table 6-2). Two sub-

adult lake sturgeon were also captured in standard index gill nets set in Clark Lake during summer 2009. 

One of these fish was estimated to be one year old based on its length (195 mm)4. These were the first 

recorded captures of lake sturgeon in Clark Lake during Keeyask environmental studies.  

No YOY lake sturgeon were captured during sturgeon studies (Table 6-2), but a single YOY lake 

sturgeon was captured in Split Lake during other fish community gillnetting studies conducted during 

summer 2001.  

6.3.2.2.2 Habitat 

Spawning 

The only location that was confirmed as a spawning site in the Split Lake area during the environmental 

studies was First Rapids on the Burntwood River. CNP resource users reported that lake sturgeon also 

spawn below First Falls on the Odei River (CNP Keeyask Environmental Evaluation Report). Historical 

spawning grounds in this area (Map 6-4; Appendix 6C) that may still be used by lake sturgeon include 

Witchai Lake Falls in the Grass River and the Nelson River downstream of the Kelsey GS (formerly 

Kelsey Rapids). Lake sturgeon do not appear to spawn in the rapids located upstream of the confluence 

of the Nelson River and Split Lake (Sakitowak and Anipitapiskow Rapids).  

Between 2001 and 2007, numerous male lake sturgeon were captured downstream of First Rapids, some 

more than once, in maturing, ripe, or spent condition (Table 6-3). Recapture of the same spawning lake 

sturgeon below the rapids in different years indicates that some individuals return to this area to spawn. 

The capture of many fish whose maturity could not be determined suggests that non-spawners also use 

this area during spring. Larval drift traps set within 1 km downstream of First Rapids during spring 2001 

and 2002 captured a total of 22 larval sturgeon, further indicating the use of these rapids by spawning 

sturgeon 

One lake sturgeon showing evidence of spawning (a spent male) was captured in the Grass River during 

Keeyask environmental studies conducted in spring 2007 (Table 6-3). Two additional fish captured in the 

Grass River during spring were thought to be females preparing to spawn, as both were quite large 

(greater than 1,300 mm FL; 25–35 kg) and had distended abdomens and protruding urogenital openings. 

                                                      

4 Note that Keeyask sturgeon less than 200 mm in length are generally considered YOY fish when captured in fall. 

This fish was captured in mid-August 2009, and given the late ice break-up in 2009 this fish was not believed to 

have been spawned in 2009. 
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These fish were not included in Table 6-3 because their maturity status was not positively identified  

(i.e., gametes were not extruded during examination). 

The capture of two ripe males and one pre-spawn female in the vicinity of Kelsey GS suggest that lake 

sturgeon may also spawn in this area (Table 6-3). The Bayline communities of Pikwitonei, Thicket 

Portage, and Wabowden reported Kelsey Rapids (now the site of Kelsey GS) on the Nelson River and 

Witchai Lake Falls on the Grass River to be historic spawning locations for lake sturgeon (MacDonell 

1997).  

Spring habitat-based CPUE values for adult lake sturgeon tended to show where fish were congregating 

to spawn. Mean CPUE values were higher at fishing sites near rapids, sites in moderate velocity areas, 

and sites with hard substrates (Table 6-4). 

Rearing 

A single YOY lake sturgeon was captured in Split Lake during environmental studies focusing on other 

fish species (Table 6-2). It was captured in shallow, low velocity, soft substrate habitat near the 

confluence of the Burntwood and Nelson Rivers. Because young-of-the-year (YOY) lake sturgeon are 

difficult to capture, relatively little is known about this life stage. However, studies conducted in other 

river systems (Appendix 6A) suggest that suitable rearing habitat consists of gravel, sand, or silty sand 

substrate in areas of low velocity. Habitat in the Split Lake area is very diverse and appears to contain 

suitable conditions for YOY lake sturgeon. Although rearing sites have not been located in the Split Lake 

area, the capture of sub-adults indicates that successful recruitment is occurring.  

Foraging 

Sub-adults 

Small numbers of sub-adult lake sturgeon were captured during spring almost every year in all water 

bodies except the Grass River (Table 6-2). During summer sturgeon studies, sub-adults were captured in 

the Kelsey GS vicinity and Split Lake. Sub-adults were also captured in Clark Lake during gillnetting 

studies focusing on other species. No sub-adults were captured in the Grass or Burntwood rivers during 

summer, but these water bodies were fished for sturgeon less extensively. The Odei River was not fished 

during summer.  

Sub-adults were captured with equal frequency in lacustrine, riverine, and rapids habitat types (Table 6-5). 

Mean CPUE of sub-adults was slightly higher at deep water sites as compared to shallow sites; and at 

moderate velocity sites as compared to low velocity and standing water sites. Sub-adults were captured 

with equal frequency over soft and hard substrates. 

Adults 

During summer, fishing for adult sturgeon (i.e., with large mesh gill nets) was only conducted in the 

Kelsey GS vicinity and Split Lake in deep (greater than 3 metres (m)) areas because outside the spawning 

season sturgeon are generally found in deeper water (Table 6-2). Adults were captured at both locations, 

with rapids habitat having a higher mean CPUE (0.03 fish/24 h) than riverine habitat (0.01 fish/24 h) 
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and lacustrine habitat (less than 0.01 fish/24 h; Table 6-4). Correspondingly, mean CPUE was slightly 

higher at moderate velocity sites and sites with hard substrates than at sites with low velocity or soft 

substrates (Table 6-4).  

Food Availability 

Soft bottom substrates present in deep, standing and low water velocity habitats of the Split Lake area 

support a benthic invertebrate community dominated by Pisidium sp. clams, Amphipoda, Ephemeroptera 

(mayflies), and Chironomidae (midge) larvae (Table 4-23), which are all known forage items of lake 

sturgeon. Mean benthic invertebrate densities in these habitats were moderate (~3,500 individuals/square 

metre (m2); Table 4-23) and within the range of densities observed in other northern Manitoba water 

bodies (Table 4-22).  

Drifting invertebrates that settle on the substrate likely compose a large proportion of lake sturgeon diet 

in riverine and rapids habitat characterized by hard bottom substrates and low velocities. Drifting 

invertebrate studies were not conducted in the Split Lake area, but the drift composition is expected to be 

similar to that found in the Keeyask area, consisting primarily of Ephemeroptera, Trichoptera, Diptera, 

and Plecoptera (Section 6.3.2.3). Crayfish (Decapoda) are a common prey item of lake sturgeon and were 

present in some of the macroinvertebrate samples collected in the Split Lake area; however, because they 

were not a major taxonomic group in samples their abundance was not quantified (Table 4B-3). 

Overwintering 

Lake sturgeon overwintering habitat surveys were not conducted in the Split Lake area. During winter 

telemetry studies conducted in the Keeyask and Stephens Lake areas (Section 6.3.2.3 and Section 6.3.2.4), 

lake sturgeon were generally relocated in deep, low velocity habitat in the Nelson River from Birthday 

Rapids to Kettle GS. The Split Lake area contains ample habitat of this type and therefore likely contains 

sufficient overwintering habitat for lake sturgeon. 

6.3.2.3 Keeyask Area 

The Keeyask area (Map 6-2) was fished for lake sturgeon with large mesh gill nets during spring spawning 

investigations conducted at five locations between Clark Lake and Stephens Lake from 2001 to 2008: 1) 

Clark Lake to Birthday Rapids; 2) vicinity of Birthday Rapids; 3) vicinity of Birthday Rapids to Gull Lake; 

4) Gull Lake; and 5) within and downstream of Gull Rapids. As part of the 2001–2004 investigations, 

drift traps were used to capture sturgeon eggs and larvae. Gillnetting was conducted during summer and 

fall with large mesh gill nets to capture adult and sub-adult fish, and medium mesh gill nets to capture 

sub-adult and YOY fish in order to determine lake sturgeon use of the area outside the spawning season.  

The fall 2008 and 2009 gillnetting programs focused on capturing YOY and sub-adult lake sturgeon. The 

fall 2008 program was conducted between Birthday Rapids and Gull Rapids and in the downstream 

vicinity of Gull Rapids; the fall 2009 program was conducted downstream of Gull Rapids. Young lake 

sturgeon also would have been susceptible to capture in small mesh index gill nets and the smaller mesh 

sizes of standard gang index gill nets set in the Keeyask area as part of other Keeyask gillnetting studies 

conducted during fall 1999 and summer 2001–2003 and 2009. Refer to Appendix 6B for details of the 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 6: LAKE STURGEON  6-14 

sturgeon sampling programs conducted in the Keeyask area and to Section 5 for other fish community 

studies.  

Gillnetting CPUE data and habitat variables were examined at capture locations to identify habitat 

characteristics associated with foraging/rearing habitat. Spring captures of sub-adults (i.e., known non-

spawners) and summer/fall captures (all life stages) were used as indicators of where, and in what types 

of habitat, lake sturgeon foraging might occur. Telemetry studies were conducted to locate important 

habitat for the species within the area.  

6.3.2.3.1 Nelson River from Clark Lake to Gull Rapids 

Distribution and Abundance 

Spring 

During spring in a given year, lake sturgeon were usually captured throughout the Nelson River between 

Clark Lake and Gull Rapids, and adult sturgeon accounted for most of the fish captured (Map 6-5; 

Table 6-6). Variation in annual CPUE could be attributed to differences in fishing locations among years 

and in timing of gillnetting studies (e.g., late start-up in 2004 and 2008 may have missed the peak of the 

lake sturgeon pre-spawning aggregation). Annual mean CPUEs at Birthday Rapids were usually among 

the highest recorded in the study area. Overall CPUEs (life stages and years combined) were comparable 

for Birthday Rapids (0.23 fish/24 h) and Gull Lake (0.27 fish/24 h). 

Between all four locations, adult sturgeon accounted for 85–90% of the overall spring CPUE. The 

highest overall CPUE for sub-adults was in Gull Lake (0.04 fish/24 h) and the lowest was between Clark 

Lake and Birthday Rapids (zero; Table 6-6).  

Summer/Fall 

Most summer and fall gillnetting for lake sturgeon was conducted in Gull Lake; catches consisted 

primarily of sub-adult sturgeon, but a few adults were also captured (Map 6-6; Table 6-6). Overall CPUE 

of adult fish captured in Gull Lake was approximately 10 times higher in spring than in summer. Catch-

per-unit-effort of sub-adult lake sturgeon in Gull Lake was highest during fall (0.21 fish/24 h), followed 

by summer (0.08 fish/24 h), and spring (0.04 fish/24 h). Fifteen YOY lake sturgeon were captured in 

Gull Lake during fall 2008 (mean CPUE = 0.08).  

Four adults and 20 sub-adults were captured between Birthday and Gull rapids during other Keeyask 

gillnetting studies conducted during summer and fall of 1999–2009 (Table 6-6). The sub-adult catch 

(number (n) = 15 fish) during the summer 2009 index gillnetting program included ten relatively small 

sturgeon (191–230 mm total length) believed to have hatched in spring 20085. Based on these captures 

                                                      

5 Note that Keeyask sturgeon less than 200 mm in length are generally considered YOY fish when captured in fall. 

These fish were captured in mid-August 2009 and given the late ice break-up in 2009 were not believed to have 

been spawned in 2009. 
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and the 15 YOY captured in 2008 it appears that there was relatively high recruitment in this reach in 

2008.  

Habitat 

Spawning 

Lake sturgeon in the Nelson River between Clark Lake and Gull Rapids spawn primarily in the vicinity of 

Birthday Rapids as evidenced by the capture of numerous fish in spawning condition between 2001 and 

2008 (Table 6-3, Map 6-4; Appendix 6C). Lake sturgeon congregate in the vicinity of the rapids in late 

May and early June at water temperatures of about 8–11 degrees Celsius (°C) and likely move into the 

rapids once water temperatures are suitable for spawning (11–17°C). Both spawning and non-spawning 

(the latter including both adults and sub-adults) fish appear to use Birthday Rapids during spring, as signs 

of sexual maturity were not evident for many of the fish captured there. 

No lake sturgeon eggs or larvae were captured in drift traps set within and below Birthday Rapids. 

However, the capture of sub-adult fish between Birthday and Gull Rapids between 2001 and 2008 

suggests that successful reproduction and recruitment has occurred.  

Selection of spawning habitat upstream of Gull Lake in any particular year appears to be dictated in part 

by water level and flow conditions. In 2003, eight lake sturgeon that had been implanted with acoustic or 

radio transmitters in 2001 were relocated on at least one day at the inlet to Gull Lake at water 

temperatures between 6 and 12°C (see Section 6.3.2.7 for further details of telemetry studies). Three were 

relocated approximately 2.5 km downstream of Birthday Rapids in early June; one fish was recaptured in 

a gill net and identified as a pre-spawning male. None of these fish were detected by stationary receivers 

at the base of Birthday Rapids. All five lake sturgeon identified as being in spawning condition when 

captured in gill nets upstream of Gull Lake in 2003 were captured 2.0–2.5 km downstream of Birthday 

Rapids.  

Gillnetting and larval drift studies indicated that lake sturgeon also spawn between Clark Lake and 

Birthday Rapids (Map 6-4; Appendix 6C). Long Rapids, which extends from the outlet of Clark Lake 

approximately 2.5 km downstream may provide suitable spawning habitat. Four male sturgeon were 

captured in this reach in pre-spawning or ripe condition in 2004 (Table 6-3). In addition, two larval lake 

sturgeon were captured in drift traps placed approximately 1 km upstream of Birthday Rapids the same 

year. It is likely that the larvae originated from spawning habitat at Long Rapids as other known or 

suspected spawning locations are well upstream of Split Lake.  

Spring habitat-based CPUE values for adult lake sturgeon were highest in lacustrine habitat 

(0.23 fish/24 h), followed by rapids habitat (0.17 fish/24 h) and riverine habitat (0.14 fish/24 h; 

Table 6-7). Few adult fish captured in lacustrine and riverine habitat (i.e., from Birthday Rapids to and 

including Gull Lake) were in spawning condition compared with the number captured near Birthday 

Rapids (Table 6-3 and Table 6-6). It is likely that many of the adults present in these lower velocity 

habitat types during spring were foraging.  

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for lake sturgeon spawning habitat in the 

existing environment indicate that there is a WUA of between 9 hectares (ha) and 12 ha from the outlet 
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of Clark Lake down to Gull Rapids, with more spawning habitat available under lower flow conditions 

(Map 6-7 to Map 6-9; Appendix 6D). All usable habitat is located in reaches 2A and 2B between Clark 

Lake and Birthday Rapids and in the reach immediately downstream of Birthday Rapids (Reach 4). High 

suitability habitat (HSI greater than or equal to 0.5) accounts for 2–3 ha (Appendix 6D). 

Rearing 

Young-of-the-year lake sturgeon appear to have more specific habitat requirements compared to sub-

adult and adult sturgeon which, by virtue of their larger size, can exploit a wider range of water velocities, 

substrates and larger prey for feeding. Young-of-the-year lake sturgeon show a preference for lower 

velocities with a sand or sand/gravel substrate (Appendix 6A). 

Field studies have only located lake sturgeon rearing habitat in Gull Lake. Young-of-the-year lake 

sturgeon were captured north of Caribou Island (the lake’s largest island) in habitats characterized by 

deep, low velocity water on soft substrates (Table 6-6 and Table 6-8, Map 6-10 to Map 6-13). Average 

water depth and velocity measured at YOY capture sites in 2008 ranged from 7.6 m to 10.4 m and 

0.24 metres per second (m/s) to 0.51 m/s, respectively; substrate consisted primarily of sand with some 

silt/clay. The most frequently occurring prey items in a sub-sample of YOY sturgeon captured in 2008 

were Ephemeroptera, Trichoptera (caddisflies), Chironomidae, and Plecoptera (stoneflies) larvae 

(Table 6-9). These are common diet items of YOY lake sturgeon captured in other locations 

(Appendix 6A). 

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for lake sturgeon rearing habitat in the 

existing environment indicate that there is a WUA of between 199 ha and 220 ha from the outlet of Clark 

Lake down to Gull Rapids (Map 6-14 to Map 6-16; Appendix 6D). High suitability habitat (HSI greater 

than or equal to 0.5) accounts for 54–64 ha. Most high or very high suitability habitat is located in the 

downstream portion of Gull Lake on the north side of Caribou Island, where YOY were captured during 

environmental studies. Due to the specific habitat requirements of larval lake sturgeon, survival of larvae 

hatched at Birthday Rapids likely depends on their being transported by the currents into this part of Gull 

Lake where velocities and substrates appear to be the most suitable for feeding. 

Foraging 

Sub-adults 

Sub-adult lake sturgeon were captured throughout the Nelson River between Birthday Rapids and Gull 

Rapids, but mean CPUE was highest in lacustrine habitat (i.e., Gull Lake; Table 6-10, Map 6-17). Sub-

adults captured during sturgeon studies were captured more often at sites in deep (greater than 3 m) 

water, low to moderate velocities, and soft substrates than at shallow, standing water, hard substrate sites 

(Table 6-10, Map 6-18 to Map 6-20). 

Over half of the sub-adult captures during summer and fall occurred in an area south of a small island in 

Gull Lake and extending along the lake’s south shoreline (Map 6-17). This area is generally deep, of low 

to moderate water velocity, and has hard substrates. In fall 2008, water depth and velocity measured at a 
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sub-adult capture site in this area ranged from 8–12 m and 0.27–0.52 m/s, respectively; substrate samples 

consisted mostly of gravel and cobble with some sand.  

A large number of sub-adults were also captured north of Caribou Island at the same sites that YOY 

were captured (Map 6-17). The most frequently occurring prey items in a sub-sample of sub-adult 

sturgeon (325–559 mm FL) captured in Gull Lake during fall 2008 included Trichoptera, Ephemeroptera, 

and Plecoptera larvae (Table 6-9).  

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for sub-adult lake sturgeon foraging 

habitat in the existing environment show that there is a WUA of between 989 ha and 1,283 ha from the 

outlet of Clark Lake down to Gull Rapids (Map 6-21 to Map 6-23; Appendix 6D). Almost all high 

suitability habitat (HSI greater than or equal to 0.5), of which there are 625–867 ha, is located in Gull 

Lake. 

Adults 

Summer and fall fishing with large mesh gill nets was conducted almost entirely in Gull Lake as this is 

where summer and fall tracking surveys relocated a large proportion of the acoustic- and radio-tagged 

fish (of those that had been tagged and released between Birthday and Gull Rapids). Therefore, almost all 

summer/fall captures of adult sturgeon were in Gull Lake. Both the telemetry and gillnet capture data 

suggest that lacustrine habitat is important during summer and fall (Table 6-7, Map 6-6). The majority of 

fishing sites in Gull Lake were located in deep (greater than 3 m) water, low velocities, on hard substrates 

(Table 6-7).  

Although most summer/fall relocations of acoustic- and radio-tagged adult sturgeon were within Gull 

Lake, many relocations also occurred in the riverine and rapids areas between Birthday and Gull Rapids, 

indicating that adults probably feed throughout this stretch of river (Map 6-24). Two adults were 

captured near Birthday Rapids during gillnetting studies: one during the summer/fall sturgeon studies and 

the other during other fish community gillnetting studies. Outside the spawning season, adult lake 

sturgeon are usually located in excess of 6 m of water in low to moderate velocities and over a wide range 

of substrate types (Appendix 6A).  

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for adult lake sturgeon foraging habitat in 

the existing environment indicate that there is a WUA of between 2,842 ha and 3,292 ha from the outlet 

of Clark Lake down to Gull Rapids (Map 6-25 to Map 6-27; Appendix 6D). Usable habitat is distributed 

throughout the reach and the majority has a high or very high suitability index under all three scenarios. 

Food Availability 

In sediment grab samples collected from deep, standing or low velocity, soft substrate areas in this reach 

during the open water season in 1999, 2001, and 2002, some of the preferred prey of lake sturgeon were 

the most abundant groups present. Pisidium sp. (clams), Gastropoda (snails), Trichoptera, Ephemeroptera, 

and Chironomidae larvae represented the majority of benthic invertebrates in the samples. Invertebrate 

densities were relatively low in deep, standing water habitat (917 individuals/m2) compared to densities in 

deep, low velocity habitat (3,026 individuals/m2; Table 4-27). The latter habitat type was the one in which 

the YOY sturgeon and many of the sub-adults were captured during fall 2008. The mean overall benthic 
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invertebrate abundance for aquatic habitats sampled in the Keeyask area was 3,539 individuals/m2, within 

the range of densities observed in other northern Manitoba water bodies (Table 4-22).  

Drifting invertebrates that settle on the substrate likely compose a large proportion of lake sturgeon diet 

in riverine and rapids habitat characterized by hard bottom substrates and low velocities. In 2003 and 

2004, aquatic insects (specifically Ephemeroptera, Trichoptera, and Diptera [mainly Chironomidae]) were 

the most abundant drifting invertebrates collected in drift traps, representing 86–98% of the total mean 

drift trap catch in the Keeyask area (Table 4-30). The greatest drifting invertebrate densities in the study 

area were observed upstream of Gull Rapids (at the downstream end of Gull Lake), followed by 

downstream of Birthday Rapids, downstream of Gull Rapids, and upstream of Birthday Rapids. 

Therefore, it appears that the majority of drifting invertebrates in the Keeyask area were produced 

between and including Birthday and Gull rapids (Section 4). Drifting invertebrate collections from the 

downstream vicinity of Birthday Rapids and the outlet of Gull Lake consisted primarily of 

Ephemeroptera, Trichoptera, Diptera, and Plecoptera (Table 4-30). Crayfish (Decapoda) are a common 

prey item of lake sturgeon and were present in some macroinvertebrate samples collected in the Keeyask 

area; however, because they were not a major taxonomic group in the samples their abundance was not 

quantified (Table 4B-3). 

Overwintering 

Relocations of both acoustic- and radio-tagged lake sturgeon during tracking surveys conducted from 

October to early May (2001–2004) indicate that sturgeon overwinter throughout the Nelson River from 

Birthday Rapids down to Gull Rapids in deep, low velocity habitat (Map 6-28).  

6.3.2.3.2 Gull Rapids and Nelson River to Stephens Lake 

Distribution and Abundance 

Spring 

Gull Rapids and the reach immediately downstream of the rapids (~4 km) do not appear to provide 

habitat for a large number of lake sturgeon compared to the reach of river from Birthday Rapids to, and 

including, Gull Lake (Table 6-6 and Table 6-11). In all years, adult lake sturgeon accounted for most or all 

of the spring catch. Adult lake sturgeon were captured both within and below Gull Rapids during spring 

(Map 6-29). Sub-adult CPUE in this area was 0.01 fish/24 h or less (Table 6-11). 

Spring CPUE was generally higher in the area below Gull Rapids in years when fishing started earlier 

(2001, 2003, and 2006). Catch-per-unit-effort was higher within Gull Rapids than below the rapids in 

2003. Reduced catches within and below the rapids in 2004 was likely the result of high debris levels, 

which hampered fishing.  

Summer/Fall 

No adult lake sturgeon were captured downstream of Gull Rapids during summer or fall sturgeon 

studies. A single sub-adult lake sturgeon was captured below Gull Rapids during summer, and 29 sub-

adults and two YOY were captured during fall (Table 6-11). Sub-adult CPUE during fall was higher 
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below Gull Rapids (0.41 fish/24 h) than in Gull Lake (0.21 fish/24 h; Table 6-6 and Table 6-11). Mean 

CPUE for YOY lake sturgeon was half as high below Gull Rapids (0.04 fish/24 h) as in Gull Lake 

(0.08 fish/24 h; Table 6-6 and Table 6-11, respectively). 

Three adults and two sub-adults were captured during other Keeyask gillnetting studies conducted during 

fall 2001–2003 (Table 6-11).  

Habitat 

Spawning 

Maturity assessments conducted during spring gillnetting studies indicate that lake sturgeon spawn in the 

vicinity of Gull Rapids. In the five years that sexual maturity was assessed, three pre-spawning females 

were captured below the rapids. Four of 11 lake sturgeon captured within the rapids in 2003 or 2004 were 

males that were maturing to spawn or spent (Table 6-3). Several more males were captured one or more 

times in pre-spawning or ripe condition below the rapids. Lake sturgeon seemed to congregate in the area 

immediately below the rapids in late May and early June and then move into the rapids once water 

temperatures were suitable for spawning. Water velocities and turbulence made the Gull Rapids area 

difficult to fish in terms of both safety and setting gill nets effectively; for this reason, the rapids proper 

were only fished in 2003 and 2004 (two relatively low flow years). 

Despite the results of the maturity assessments, no larval lake sturgeon were captured downstream of 

Gull Rapids. It is assumed most of the spawning lake sturgeon captured in or near the rapids moved 

upstream from Stephens Lake as none of the lake sturgeon that were tagged upstream between Birthday 

and Gull Rapids were recaptured in spawning condition in the Gull Rapids vicinity (see Section 6.3.2.7).  

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for lake sturgeon spawning habitat in the 

existing environment show that there is a WUA of between 13 ha and 18 ha within and at the base of 

Gull Rapids, with more spawning habitat available under low flow conditions (Map 6-7 to Map 6-9; 

Appendix 6D). There is no spawning habitat available in the riverine reach (Reach 11) between the rapids 

and Stephens Lake. High quality habitat (HSI greater than or equal to 0.5) accounts for 1–4 ha of usable 

habitat. The model also suggests that there is more spawning habitat available at the base of the rapids 

than within them, due to the prevalence of excessively high velocities within the rapids proper (Map 3-8 

and Map 3-17).  

Rearing 

Currently, lake sturgeon spawn within Gull Rapids and larvae drift downstream into lower velocity areas 

of the river or the western portion of Stephens Lake where an area of gravel/sand and sand has formed 

(Section 3). Lake sturgeon larvae have been reported to drift up to 60 km downstream of the spawning 

site (Appendix 6A). Therefore, larvae spawned further upstream may also be drifting downstream 

through Gull Rapids and settling in these areas. Most YOY gillnetting conducted during summer and fall 

was conducted in deep, hard substrate habitat as this was the most abundant habitat type in this reach, 

and shallow/soft substrate areas downstream of Gull Rapids are mostly in off-current bays which lack 

the velocity that appears to be typical of YOY habitat (Appendix 6A). 
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Two YOY lake sturgeon were captured along the south shore downstream of Gull Rapids during fall 

2008 and 2009 (Table 6-11, Map 6-30). Both fish were captured in deep water, low or moderate 

velocities, and over a hard substrate (cobble/boulder; Table 6-8, Map 6-31 to Map 6-33). Stomach 

content analysis revealed that one of the YOY had consumed Chironomidae larvae and a variety of 

Ephemeroptera, Trichoptera, and Plecoptera larvae (Table 6-9). No YOY lake sturgeon were captured 

during other Keeyask gillnetting studies conducted downstream of the rapids during summer/fall from 

2001–2003 (Table 6-11).  

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for lake sturgeon rearing habitat in the 

existing environment indicate that there is a WUA of between 35 ha and 40 ha in the reaches that include 

Gull Rapids and the portion of the river between the rapids and Stephens Lake (Map 6-14 to Map 6-16; 

Appendix 6D). Approximately 95% of the usable habitat lies between the base of Gull Rapids and 

Stephens Lake (i.e., Reach 11). Although none of this habitat has a high suitability index (HSI greater than 

or equal to 0.5), three-month-old (approximately) YOY sturgeon were captured in this reach, suggesting 

that older YOY utilize what is thought to be less than optimal habitat or that YOY in this area are 

occupying microhabitats (e.g., sand/gravel patches behind boulders) that were not detected at the scale 

that bottom typing sonar data were collected.  

Foraging   

Sub-adults 

Sub-adult lake sturgeon were not documented within Gull Rapids in 2003 and 2004 (Table 6-11). 

However, gillnetting effort within the rapids was relatively limited due to difficult sampling conditions 

(high turbulence and flows). Telemetry studies relocated adult sturgeon within the Gull Rapids during 

summer, indicating that larger sturgeon, and possibly older sub-adults, forage there.  

Several sub-adults were captured downstream of Gull Rapids during environmental studies (Table 6-11, 

Map 6-34). All sub-adult captures during sturgeon studies were in deep water over hard substrates 

(Table 6-10). Sub-adult CPUE was approximately four times higher at moderate velocity sites 

(0.15 fish/24 h) compared to low velocity sites (0.04 fish/24 h; Table 6-10, Map 6-35 to Map 6-37). 

Stomach contents from one sub-adult captured downstream of Gull Rapids during fall 2008 contained 

Ephemeroptera and Trichoptera larvae (Table 6-9).  

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for sub-adult lake sturgeon foraging 

habitat in the existing environment show that there is a WUA of between 178 ha and192 ha in the 

reaches that include Gull Rapids and the stretch of river between the rapids and Stephens Lake (Map 6-

21 to Map 6-23; Appendix 6D). Most of the usable habitat (approximately 90%) lies between the base of 

Gull Rapids and Stephens Lake (i.e., Reach 11).  

Adults 

Both spring gillnet capture data and biotelemetry movement data suggest that adult lake sturgeon use 

Gull Rapids for feeding. Most lake sturgeon captured within the rapids during spring (seven of 11 fish) 

did not appear to be in spawning condition, suggesting that they were there to feed. Multiple relocations 
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of two radio-tagged adult lake sturgeon within Gull Rapids during summer suggest that lake sturgeon 

continue to use Gull Rapids as foraging habitat throughout summer (Map 6-24). No adult lake sturgeon 

were captured downstream of Gull Rapids during summer (Table 6-11). However, radio-tagged adult 

sturgeon were relocated downstream of Gull Rapids during summer and fall tracking surveys.  

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for adult lake sturgeon foraging habitat in 

the existing environment indicate that there is a WUA of between 610 ha and 630 ha in the reaches that 

include Gull Rapids and the stretch of river between the rapids and Stephens Lake (Map 6-25 to Map 6-

27; Appendix 6D). The majority of usable habitat (approximately 65–70%) lies between the base of Gull 

Rapids and Stephens Lake (i.e., Reach 11). Most of the usable habitat (551–576 ha) has a high or very 

high suitability index under all three flow scenarios.  

Food Availability 

It is likely that invertebrates that drift and settle on the substrate within and below the rapids are an 

important component of the diet of the lake sturgeon feeding in these areas. Based on drifting 

invertebrate collections from immediately above and below Gull Rapids, forage items available to 

sturgeon include mainly Ephemeroptera, Trichoptera, Diptera, Plectoptera, and Annelida (aquatic 

earthworms; Table 4-30). Production of drifting invertebrates from Gull Rapids is likely an important 

input to Stephens Lake; however, these rapids appear to produce overall fewer drifting invertebrates than 

does the Nelson River between Birthday Rapids and the downstream extent of Gull Lake (Section 4). 

Overwintering 

Although two lake sturgeon were relocated below Gull Rapids during late fall (Map 6-28), it is more likely 

that they overwinter in Stephens Lake as most relocations of acoustic- and radio-tagged lake sturgeon 

during late fall and winter were in the western portion of the lake (Section 6.3.2.7).  

6.3.2.4 Stephens Lake Area 

The Stephens Lake area was fished for lake sturgeon with large mesh gill nets concurrently with spring 

spawning investigations conducted at Gull Rapids in 2003, 2005, and 2006. In 2006, summer gillnetting 

was conducted with large mesh gill nets to capture adult and sub-adult fish, and medium mesh gill nets to 

capture sub-adults and YOY to determine lake sturgeon use of the area outside the spawning season. A 

habitat survey was conducted near the original Nelson River channel in the western portion of Stephens 

Lake (~5 km downstream of Gull Rapids) during summer 2009 to address information gaps on sturgeon 

rearing habitat in the existing environment. Because the survey indicated that this area contains substrates 

and velocities suitable for young sturgeon, this area was fished for YOY and sub-adults during fall 2009 

and fall 2010. Young lake sturgeon also would have been susceptible to capture in small mesh index gill 

nets and the smaller mesh sizes of standard gang index gill nets set in Stephens Lake as part of other 

Keeyask gillnetting studies conducted during summer in 1999 and 2001–2003 (Section 5). 

Gillnetting CPUE data were examined along with their respective habitat parameters at capture locations 

to identify habitat characteristics associated with rearing and foraging habitat. Telemetry studies were 

conducted to locate important habitat for the species within the area. Refer to Appendix 6B for further 
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details of the lake sturgeon sampling programs conducted in the Stephens Lake Area and to Section 5 for 

other fish community studies. 

6.3.2.4.1 Distribution and Abundance 

Spring 

Three of the five lake sturgeon gillnetting studies conducted in Stephens Lake were carried out at least in 

part during spring. Of the 11 sturgeon captured, eight were adults and three were sub-adults (Table 6-12). 

Low annual CPUEs (less than 0.01–0.04; all life stages combined) suggest that lake sturgeon population 

density  in Stephens Lake is lower during spring than in other water bodies investigated in the study area. 

This may partly reflect spawning movements of fish out of Stephens Lake into the Gull Rapids area, as 

evidenced by Floy®-tag movement studies (Section 6.3.2.7). 

No lake sturgeon were captured in the north arm of Stephens Lake or in the eastern portion of the lake 

upstream of Kettle GS despite sampling efforts during spring in 2005 and 2006. 

Summer 

During summer 2006, only two lake sturgeon (both adults) were captured in Stephens Lake. Both were 

captured along the south shore of an island located approximately 5 km downstream of Gull Rapids 

(―Cabin Island‖; Table 6-12, Map 6-38). No lake sturgeon were captured in the north arm or in the 

eastern area of the lake upstream of Kettle GS. 

Fall 

No sturgeon were captured near the original Nelson River channel in the western portion of Stephens 

Lake during fall 2009 (Table 6-12). However, 32 individual sub-adult lake sturgeon were captured north 

of Cabin Island during fall 2010 (Table 6-12, Map 6-39). 

6.3.2.4.2 Habitat 

Spawning 

Floy®-tag and telemetry studies indicate that sturgeon inhabiting Stephens Lake move between the lake 

and the Gull Rapids area (Section 6.3.2.7). It is assumed that Stephens Lake fish use the rapids for 

spawning (see Section 6.3.2.3.2) as no tributaries to Stephens Lake were identified as spawning habitat. A 

pre-spawning male captured near the rapids in 2001 was later recaptured in Stephens Lake. 

Rearing 

A habitat survey conducted during summer 2009 near the original Nelson River channel in the western 

portion of Stephens Lake indicated that there is a large area on the north side of Cabin Island with 

physical conditions considered suitable for YOY foraging (sand or sand/gravel substrate and low 

velocity). Gillnetting studies conducted in upper Stephens Lake during fall 2010 confirmed the presence 

of relatively young (two-year-old) lake sturgeon within this area (Map 6-39; see following section). These 

fish may have hatched at Gull Rapids (or further upstream) and drifted into this part of Stephens Lake, or 
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may have previously occupied rearing habitat in the 4 km reach between Gull Rapids and Stephens Lake 

and moved downstream into the area north of Cabin Island to overwinter. Studies of YOY lake sturgeon 

in other systems have documented a pattern of downstream movement during fall, potentially to locate 

more suitable (lower) water velocities for overwintering (Appendix 6A). Prior to 2010, limited gillnetting 

had been conducted in this part of Stephens Lake with mesh sizes small enough, or in water deep 

enough, to capture YOY lake sturgeon. The absence of YOY from the gillnet catch in this area in 2010 

may have been due to too few larval sturgeon being produced that year to be detected; to larval sturgeon 

not drifting into this portion of the lake; or to other biotic factors (e.g., predation) that might make this 

area unsuitable for YOY. 

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for lake sturgeon rearing habitat in the 

existing environment indicate that there is a WUA of between 48 ha and 122 ha in upper Stephens Lake 

with more habitat available under higher flow conditions (Reach 12; Map 6-14 to Map 6-16; 

Appendix 6D). High suitability habitat (HSI greater than or equal to 0.5) accounts for 14–50 ha, with 

more habitat available under high flow conditions. 

Foraging 

The majority of lake sturgeon in Stephens Lake appear to forage within or nearby the original Nelson 

River channel in the western portion of the lake. During gillnetting studies conducted between 2001 and 

2009, sub-adult lake sturgeon were only captured along this channel in the vicinity of Cabin Island at sites 

in deep water, low velocities, on soft substrates (Table 6-13). In 2010, a number of sub-adult sturgeon (n 

= 32) ranging in age from two to eight years old were captured north of Cabin Island at sites in deep, low 

velocity areas with sand (n = 24), silt (n = 6), and gravel/sand (n = 2) substrates (Map 6-40 to Map 6-42). 

Two- and three-year old fish accounted for 21 captures, 16 of which were found over sand substrate at 

depths of approximately 18 m. 

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for sub-adult lake sturgeon foraging 

habitat in the existing environment indicate that there is a WUA of between 228 ha and 286 ha in upper 

Stephens Lake with more habitat available under higher flow conditions (Reach 12; Map 6-21 to Map 6-

23; Appendix 6D). 

Most of the adult lake sturgeon (eight of ten fish) captured during spring and summer were also captured 

at sites located near Cabin Island (Map 6-38). Adult captures were at low velocity sites, irrespective of 

depth and substrate (Table 6-13). 

Under 5th, 50th, and 95th percentile flow scenarios, HSI models for adult lake sturgeon foraging habitat in 

the existing environment indicate that there is a WUA of between 492 ha and 617 ha in upper Stephens 

Lake with more habitat available under higher flow conditions (Reach 12; Map 6-25 to Map 6-27; 

Appendix 6D). 

Food Availability 

Based on benthic invertebrate collections from deep, standing water, soft substrate habitat in Stephens 

Lake, food items available to lake sturgeon would include mainly Amphipoda, Chironomidae, 

Ephemeroptera, and Oligochaeta (Table 4-31). Mean benthic invertebrate abundance in this habitat type 
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was moderate (~2,200–2,800 individuals/m2). Sediment grabs were not collected from deep, low velocity, 

soft substrate habitat in Stephens Lake; however, this habitat type is expected to have an invertebrate 

abundance similar to or higher than that observed in the comparable standing water habitat as this was 

the case in the Split Lake and Keeyask areas (Table 4-23 and Table 4-27, respectively). Crayfish 

(Decapoda) are a common prey item of lake sturgeon and were present in some drifting 

macroinvertebrate samples collected in Stephens Lake; however, because they were not a major 

taxonomic group in samples their abundance was not quantified (Table 4B-3). 

Overwintering 

Similar to open water foraging habitat, indications are that lake sturgeon overwintering habitat is closely 

associated with the original Nelson River channel in the western portion of the lake. During late fall/early 

winter, several sturgeon tagged with acoustic transmitters were detected in the vicinity of Cabin Island 

(Map 6-28 and Map 6-38). Two radio-tagged sturgeon were relocated a further 4 km downstream and one 

was relocated upstream of Kettle GS.  

6.3.2.5 Genetics 

A lake sturgeon genetics study was conducted in the region that includes the Keeyask and Conawapa GS 

study areas, the Hayes River, and the Churchill River. The study was conducted to assess levels of genetic 

diversity and population genetic structure among lake sturgeon in the region, to identify the degree of 

reproductive isolation among populations, and to provide baseline genetic data to help in the planning of 

recovery strategies that may involve stocking (Côté et al. 2011). The majority of lake sturgeon tissue 

samples were collected during spring spawning periods at known or suspected spawning locations. 

Results indicate that when the isolating effects of geographic distance and instream barriers are taken into 

consideration, fish captured from suspected or known spawning areas in the Split Lake area (Nelson 

River below Kelsey GS and First Rapids on the Burntwood River) represent one sub-population that is 

genetically distinct from that which spawns at Birthday Rapids and Long Rapids in the Keeyask area (the 

Birthday Rapids/Gull Lake sub-population). Too few lake sturgeon were captured in Stephens Lake to 

provide samples for the study; therefore, the degree of genetic differentiation between Stephens Lake fish 

and Birthday Rapids/Gull Lake fish is not known. 

6.3.2.6 Health 

Condition of lake sturgeon captured from each of the major sampling locations (Split Lake area, the 

Keeyask area above Gull Rapids, the vicinity of Gull Rapids, and Stephens Lake) during summer and fall 

are presented as general indicators of fish health. Mean condition factors from these four areas ranged 

from 0.74–1.01 (Table 6-14; Appendix 6E). Sub-adults captured in the Nelson River from Clark Lake to 

Gull Rapids and the Gull Rapids vicinity had the lowest mean condition factors (0.74 and 0.78, 

respectively). Condition factors for lake sturgeon from the Winnipeg River and several northern water 

bodies were tabulated for comparison with Keeyask fish. Condition factors for Keeyask fish were usually 

higher than in the Conawapa area (0.71–0.75) and, in all locations except the Nelson River from Clark 

Lake to Gull Rapids and the Gull Rapids vicinity, condition factors were similar to or higher than means 

for the Churchill, Fox, and Winnipeg Rivers.  
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6.3.2.7 Movements 

Floy®-tags were applied to 871 lake sturgeon captured during Keeyask environmental studies between 

1999 and 2008. An additional 62 lake sturgeon were tagged in Gull Lake by the Manitoba Fisheries 

Branch in 1995. A total of 272 fish were subsequently recaptured one or more times (Table 6-15). The 

overall recapture rate for individual fish was 29.2%.  

Acoustic or radio transmitters were initially implanted in 32 lake sturgeon captured during spring 2001 to 

provide more detailed information on the frequency and timing of sturgeon movements (Table 6-16). 

One transmitter applied to a sturgeon captured between Birthday and Gull rapids was recaptured by a 

local resource user during summer 2001 and later returned to NSC. Therefore, this tag was omitted from 

all data analyses. A second transmitter applied to a sturgeon captured between Birthday and Gull rapids 

was returned by a local resource user during summer 2001 and re-applied to a sturgeon captured 

downstream of Gull Rapids during fall 2001. Therefore, as of spring 2002, transmitters were implanted in 

a total of 31 individual lake sturgeon: 11 fish captured immediately below Gull Rapids (six radio and five 

acoustic) and 20 fish captured between Clark Lake and Gull Rapids (five radio and 15 acoustic). All but 

one of these transmitters were relocated at least once during their three-year battery life expectancy 

(2001–2004).  

6.3.2.7.1 Use of the Study Area 

A total of 280 lake sturgeon were tagged in the Split Lake area during Keeyask environmental studies 

(Table 6-15, Map 6-43). Seventy-seven fish were subsequently recaptured and most recaptures of these 

fish occurred within the Split Lake area, usually within the same waterbody as the one in which they were 

tagged. Only one fish was recaptured outside the area, having moved a distance of approximately 50 km 

downstream into the Nelson River between Clark Lake and Birthday Rapids.  

A total of 577 lake sturgeon were tagged in the reach of the Nelson River between Clark Lake and Gull 

Rapids (Table 6-15, Map 6-43). One hundred and sixty-six fish were subsequently recaptured, with most 

recaptures occurring within this reach. However, seven fish were recaptured in the Split Lake area, having 

moved a distance of 25–100 km upstream, and two were recaptured in the riverine stretch downstream of 

Gull Rapids (6–20 km downstream). 

Twenty-seven of 66 lake sturgeon tagged in or immediately below Gull Rapids were subsequently 

recaptured, sometimes in multiple locations. Eight fish were recaptured outside the Gull Rapids vicinity 

between Clark Lake and Birthday Rapids (n = 1), between Birthday and Gull Rapids (n = 4), and in 

Stephens Lake (n = 3; Table 6-15, Map 6-43). 

Ten tags were applied to lake sturgeon captured in the Stephens Lake area. Two of these fish were 

recaptured, both in the vicinity of Gull Rapids.  

6.3.2.7.2 Movements Through Large Rapids 

Floy®-tag and telemetry studies have shown that a proportion of lake sturgeon in each of the three major 

areas (Stephens Lake, Keeyask, and Split Lake areas) move between these areas and in doing so move 

through three sets of large rapids: Gull Rapids, Birthday Rapids, and Long Rapids. Movements of 
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individual fish documented passing through these rapids and the potential significance of these 

movements are discussed in the following sections. 

Gull Rapids 

Movements through Gull Rapids were documented for nine lake sturgeon via recapture in gill nets  

(i.e., Floy®-tag identification) and/or via relocations of acoustic or radio tags (i.e., telemetry data). Five fish 

were tagged downstream of Gull Rapids, one was tagged within the rapids, and three were tagged 

between Gull Rapids and Birthday Rapids. Four of eight sturgeon were implanted with an acoustic or 

radio transmitter in addition to receiving Floy®-tags, allowing their movements to be assessed by 

stationary receivers or manual tracking (Table 6-16). 

Fish tagged within or downstream of Gull Rapids 

The five fish tagged downstream of Gull Rapids included two fish that received only Floy®-tags and three 

fish that received both a Floy®-tag and an acoustic or radio tag. Two lake sturgeon Floy®-tagged 

immediately below Gull Rapids in spring 2001 were recaptured upstream of these rapids in 2003 or 2004. 

One was recaptured between Gull Lake and Birthday Rapids and the other was recaptured between 

Birthday Rapids and Clark Lake, indicating it had moved through both Gull and Birthday rapids. 

The lake sturgeon with acoustic tag 34 was relocated downstream of Gull Rapids several times in spring 

and summer 2001 and in spring and early summer 2002. It moved upstream through the rapids during 

the second week of July 2002 and was captured by a local resource user in Gull Lake later that week.  

The lake sturgeon tagged with radio tag 149.560-2 was relocated below Gull Rapids in August 2001, 

within the rapids in July 2002, within and downstream of the rapids in summer 2003, and back 

downstream of the rapids in September 2003, the last time it was detected. This fish was captured by a 

local resource user in Gull Lake in 2006, indicating it had moved upstream through Gull Rapids between 

its last relocation in 2003 and its capture in 2006. 

The lake sturgeon tagged with radio tag 149.620-1 moved through Gull Rapids in both directions. It was 

identified as a male maturing to spawn when it was captured downstream of Gull Rapids and implanted 

with a radio tag during spring 2001. It was then relocated downstream of the rapids several times from 

June to November 2001, within Stephens Lake in mid-May 2002, upstream of Gull Rapids in Gull Lake 

in fall 2002, within and downstream of Gull Rapids in spring and summer 2003, and finally downstream 

of Gull Rapids in fall 2003. 

One lake sturgeon was Floy®-tagged within Gull Rapids during spring 2003 and was identified as a male 

maturing to spawn that year. It was recaptured in Gull Lake by a local resource user during summer 2004. 

Fish tagged between Gull Rapids and Birthday Rapids 

The three fish tagged between Gull Rapids and Birthday Rapids included two fish that received only 

Floy®-tags and one fish that received both a Floy®-tag and an acoustic tag. 

Two lake sturgeon Floy®-tagged in Gull Lake during spring 2001 and spring 2003 were recaptured 

downstream of Gull Rapids during spring 2006. One of these fish had also been recaptured within Gull 
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Rapids in spring of 2003 and early summer 2004. Neither fish appeared to be in spawning condition at 

the time of any of their captures.  

The lake sturgeon with acoustic tag 36 was tagged between Gull and Birthday rapids during spring 2001. 

It was relocated downstream of Gull Rapids several times during the summers of 2001 and 2002, 

upstream in Gull Lake during fall 2002 and again in spring, summer, and fall 2003. Acoustic Tag 36 was 

last relocated in Gull Lake during spring 2004 before the fish was captured by a local resource user in 

Gull Lake in summer 2004. 

Birthday Rapids and Long Rapids 

Eight sturgeon Floy®-tagged between Gull and Birthday rapids between 1995 and 2008 were recaptured 

one or more times upstream of Birthday Rapids between these rapids and Clark Lake (n = 1 fish), in Split 

Lake (n = 5), and the vicinity of Kelsey GS (n = 3; Table 6-15). Fish that moved into the Split Lake area 

also moved through Long Rapids. Eight additional sturgeon that were tagged with acoustic or radio 

transmitters moved through Birthday Rapids in both directions (Table 6-16); one of these fish was 

relocated in Clark Lake before moving back downstream, indicating successful passage through Long 

Rapids. 

Importance of movements 

Too few lake sturgeon were captured between Gull Rapids and Kettle GS during genetics studies  

(2005–2009) to assess whether the sturgeon residing in this area are genetically distinct from those 

residing in the Nelson River between Clark Lake and Gull Rapids (see Section 6.3.2.5). Floy®-tag 

recapture data and telemetry data suggest that between approximately 5 and 30% (respectively) of lake 

sturgeon from the Gull Rapids vicinity may move upstream through Gull Rapids into the Gull Lake area. 

Movements upstream through Gull Rapids are not believed to be related to spawning, at least in the year 

of capture, because: i) no sturgeon that were Floy®-tagged downstream of Gull Rapids during spring were 

recaptured upstream of the rapids later that same spring; ii) acoustic- and radio-tagged fish did not move 

through the rapids during spring and continue to upstream spawning sites; and iii) most fish recaptured in 

the Birthday Rapids vicinity (the closest location where fish moving upstream through Gull Rapids could 

go to spawn) appeared to have originated from the Gull Lake area where they were first captured and 

tagged. 

Movements from the Gull Lake area downstream to the Gull Rapids vicinity also are not believed to be 

related to spawning. Only two lake sturgeon Floy®-tagged in the Gull Lake area were recaptured within or 

downstream of Gull Rapids during spring, despite the relatively high overall recapture rate (~25–30%) 

for fish tagged in the Gull Lake area. Additionally, neither of these fish was in spawning condition when 

they were recaptured downstream. The single acoustic-tagged lake sturgeon (acoustic tag 36) that moved 

from the Gull Lake area downstream to the Gull Rapids vicinity was only relocated there during summer 

months. 

Genetic studies of lake sturgeon in the study area (see Section 6.3.2.5) indicate that fish captured from 

suspected or known spawning areas in the Split Lake area (Nelson River below Kelsey GS and First 

Rapids on the Burntwood River) and fish captured at Birthday and Long Rapids in the Keeyask area 
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represent two sub-populations that are genetically distinct. Floy®-tag recapture data suggest that the 

incidence of sturgeon movement between the Split Lake and Keeyask areas is relatively low, supporting 

the notion that there is limited genetic exchange between the two sub-populations. Of 166 lake sturgeon 

tagged between Clark Lake and Gull Rapids and later recaptured, only seven fish (4.2%) were recaptured 

in the Split Lake area (Table  6-15). Of the 77 lake sturgeon tagged in the Split Lake area and recaptured, 

only one fish (1.3%) was recaptured in the Keeyask area (Table 6-15).  

Movement studies of lake sturgeon have also reported them to remain mostly within the vicinity of where 

they were tagged, with the exception of spring spawning migrations or movements of a few fish over 

long distances (Appendix 6A). Some studies have reported the use of ―core areas‖ or ―activity centers,‖ 

locations heavily used and frequently returned to by sturgeon (Appendix 6A). In some cases, use of these 

core areas is accompanied by much farther ranging movements by a small percentage of fish. Floy®-tag 

recapture and telemetry data for lake sturgeon in the study area suggest that the river reach between 

Birthday and Gull rapids is part of the home range of some lake sturgeon that typically reside below Gull 

Rapids and, similarly, that the Gull Rapids vicinity is part of the home range of a comparatively smaller 

proportion of the lake sturgeon that reside in Gull Lake or between Gull Lake and Birthday Rapids.  

6.3.2.8 Harvest 

There is currently no commercial harvest permitted for lake sturgeon in the study area or elsewhere in 

Manitoba. However, lake sturgeon are harvested for domestic use by First Nation communities within 

the study area. Local resource users reported captures of 37 Floy®-tagged sturgeon from 1999–2009 for 

an approximate minimum harvest rate of 3.6% for the study area. Most of the reported recaptures by 

resource users were from either Split Lake or Gull Lake. 

6.3.3 Current Trends/Future Conditions 

Certain characteristics of the lake sturgeon’s life history, such as a variable spawning interval for males 

and females, long time to maturity, and longevity (greater than 60 y), make it difficult to determine 

current population trends over the relatively short period during which investigations were conducted. 

The presence of young fish indicates that recruitment is occurring. However, although habitat in the 

Clark Lake to Stephens Lake area currently supports all the life history requirements for lake sturgeon, 

population estimates are low, and the long-term sustainability of this population is uncertain. Numbers 

may be increasing in the Split Lake area, increasing the likelihood of the persistence of this population, if 

other factors (such as mortality) remain constant. The extremely small numbers of spawning sturgeon at 

Gull Rapids makes it unlikely that the Stephens Lake group is presently a self-sustaining population. 
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6.4 PROJECT EFFECTS, MITIGATION AND 

MONITORING 

6.4.1 Construction Period  

The following section considers potential effects on lake sturgeon related to the construction of the 

Keeyask GS. The assessment is based on construction-related effects to water quality (Section 2.5.1), 

physical attributes of aquatic habitat (Section 3.4.1), and lower trophic levels, particularly 

macroinvertebrates (Section 4.5.4.1).  

Through the following pathways, the Project has the potential to affect lake sturgeon during 

construction: 

 Relatively rapid changes in water levels and velocities in Gull Lake during Stage II construction; 

 Disruption of spawning activity due to disturbance by construction activity and habitat 

loss/alteration; 

 Alteration of aquatic habitat in Stephens Lake due to sediment deposition; 

 Stranding of fish during cofferdam dewatering; 

 Entrainment of fish in water intake pipes used for construction; 

 Blasting effects; and 

 Water quality effects from instream construction activities, malfunctions, or accidental spills. 

Effects that begin during construction but are a permanent feature of operation (e.g., flooding of 

terrestrial area) are considered under the operation period (Section 6.4.2). 

6.4.1.1 Upstream of the Outlet of Clark Lake 

Construction-related effects are not expected upstream of the outlet of Clark Lake as lake sturgeon in this 

reach will not be directly affected by construction of the Keeyask GS. Further, it is not expected that 

fishing activity, due to the presence of construction workers, will increase for populations upstream of 

the outlet of Clark Lake. Lake sturgeon may emigrate upstream from areas of habitat disturbance in the 

reach below Clark Lake, resulting in a small increase in the number of lake sturgeon in the Split Lake 

area. Over time, some lake sturgeon that move upstream may return downstream to the reservoir.  

6.4.1.2 Downstream of the Outlet of Clark Lake 

6.4.1.2.1 Changes to Water Quality 

The following summarizes the potential impacts to lake sturgeon resulting from changes in water quality 

due to Project construction. A detailed discussion of potential effects of Project construction on water 

quality is found in Section 2.5.1. As discussed in Section 2.5.1, no impacts are expected as a result of 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT  
SECTION 6: LAKE STURGEON  6-30 

accidental spills and releases of hydrocarbons and other hazardous materials due to safe handling and 

spill containment measures outlined in the Project Description (Project Description Supporting Volume 

[PD SV] Section 3.12). Consequently, accidental hydrocarbon spills and releases are expected to have no 

effect on lake sturgeon.  

Effects of construction activities on total suspended solids (TSS) are described in detail in Section 2.5.1.1. 

No consequential effects on lake sturgeon are expected from the negligible to moderate increases in TSS 

predicted.  

Wastewater effluent from the water treatment plant will be discharged into the main channel of the 

Nelson River. The effluent will meet Manitoba Conservation’s Tier 1 Water Quality Standards for 

Secondary Treatment Technologies Discharging into Receiving Waters (as discussed in Section 2.5.1). 

Because the wastewater will meet or exceed Manitoba’s standards for fecal coliform, biological oxygen 

demand, and total suspended solids, effluent inputs to the Nelson River will not have a detectable effect 

on lake sturgeon.  

6.4.1.2.2 Sedimentation 

Effects of construction activities on sedimentation are described in Section 3.4.1.4. Instream construction 

activities are predicted to result in the deposition of a 0.1–0.6 centimetre layer of sediment on the bottom 

of Stephens Lake; it is expected that this deposition will not result in a change in substrate composition 

(e.g., sand will settle on existing areas of sand, silt will settle on existing areas of silt). Most of the 

deposition is predicted to occur near the entrance of Stephens Lake in an area approximately 4–6 km 

downstream of Gull Rapids that provides suitable habitat for YOY and sub-adult lake sturgeon 

(Section 6.3.2.3.2). 

6.4.1.2.3 Blasting 

Blasting will generally be conducted in accordance with DFO guidelines for the use of explosives in or 

near Canadian fisheries waters (Wright and Hopky 1998) to ensure compliance with various fish and fish 

habitat protection provisions of the Fisheries Act (including provisions to protect spawning beds during 

egg incubation). 

6.4.1.2.4 Water Intake 

During construction, water will be required for several uses including potable water for the camp and 

work areas, and water for mixing concrete. Intake pipes will be screened according to current end-of-pipe 

fish screening guidelines (DFO 1995) to minimize the entrainment and impingement of fish. 

Consequently, it is expected that water intakes will have no effect on lake sturgeon. 

6.4.1.2.5 Mortality and Injury 

Lake sturgeon may become stranded when dewatering occurs within cofferdams. Stranding will be 

mitigated through fish salvage operations that will involve the capture and release of fish back into the 

river. 

There is a  potential for increased fishing activity due to the presence of construction workers and 

increased access during Project. To reduce the effects of increased harvesting, the KCNs and Manitoba 
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Hydro, in consultation with Manitoba Conservation, will develop an Access Management Plan prior to 

construction. Given that construction workers will not be allowed to bring boats to the site and that 

fishing will not be allowed in the construction area, no potential for the harvest of lake sturgeon exists.  

6.4.1.2.6 Loss and Alteration of Habitat in Footprint of Instream Structures 

Cofferdam construction in the north and central channels and on the north bank of the south channel 

(Stage I Diversion) will eliminate lake sturgeon spawning and foraging habitat in the footprint of these 

structures and immediately downstream of them. Despite elevated flows and increased water velocity 

through the south channel during this phase, a reduced amount of spawning and foraging habitat is 

expected to remain in the vicinity of the islands along the south bank of this channel, where suitable 

habitat currently exists; however, it is not known whether sturgeon will use this habitat (Map 6-7 to Map 

6-9). Given this uncertainty, construction processes, such as blasting and the release of TSS, will be 

managed on the basis that lake sturgeon are continuing to spawn in the south channel during 

construction, to allow for appropriate protection of sensitive early life stages.  

Complete closure of the river through construction of cofferdams across the south channel (Stage II 

Diversion) will destroy remaining spawning and foraging habitat in the footprint of these structures. The 

cofferdams will not affect lake sturgeon in the Nelson River upstream of Gull Rapids as those fish use 

habitat upstream of the rapids. 

In addition to effects to habitat, construction of the cofferdams has the potential to trap fish. This effect 

will be mitigated by conducting a salvage fishery of this area prior to dewatering. Cofferdam construction 

is not expected to affect the availability of foraging habitat (via effects to macroinvertebrates) in the reach 

between Gull Rapids and Stephens Lake (Section 4.5.4.1).  

During construction of the North, Central, and South dams, river flows will be passed without regulation 

through sluiceways of the partially completed spillway (see Physical Environment Supporting Volume 

[PE SV] Section 4.4.1.4). Passage of flow through the spillway will result in negligible flows along the 

south bank of the south channel, rendering this area unsuitable for lake sturgeon spawning. Due to high, 

unregulated flows, habitat immediately downstream of the spillway is unlikely to be suitable for spawning 

or foraging. Slack water areas downstream of the central cofferdam and powerhouse area will not be 

suitable for spawning, but may provide some foraging habitat for lake sturgeon.  

Spawning habitat losses in Gull Rapids are expected to be offset by the construction of spawning 

structures (Appendix 1A) downstream of the GS (see also Section 6.4.2.3.1). However, spawning 

structures would not be in place until construction of the GS is complete. Lake sturgeon stocking 

(Appendix 1A) in Stephens Lake will be implemented to offset potential recruitment losses during the 

construction period (see Section 6.4.2.4).  

6.4.1.2.7 Net Effects of Construction with Mitigation 

Lake sturgeon may move away from the construction area, either upstream into Split Lake or 

downstream into Stephens Lake during the construction period, in response to noise and other 

disturbance, and as water levels in the reservoir gradually rise during Stage I and Stage II river 

management (PE SV Section 4.4.1). Although adult and older sub-adult sturgeon that emigrate cannot be 
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replaced, stocking will be used to maintain the total number of sturgeon and replace lost year classes if 

emigration results in reduced population numbers in the Keeyask area..  

The lack of lake sturgeon spawning success downstream of the GS due to the loss of spawning habitat in 

Gull Rapids will be mitigated through stocking in Stephens Lake during the construction period. A more 

detailed description of the stocking program is provided in Section 6.4.2.4 and in Appendix 1A. The loss 

of foraging habitat within Gull Rapids is expected to have a minimal effect on lake sturgeon in Stephens 

Lake because there will still be sufficient foraging habitat in the reach between the GS and the lake and in 

the western portion of the lake near the original Nelson River channel (see also Section 6.4.2.3.1). 

Deposition predicted to occur near the entrance of Stephens Lake at suitable habitat for YOY and sub-

adult lake sturgeon is unlikely to affect lake sturgeon use of this area (see also Section 6.4.2.3.1); however, 

monitoring will determine if lake sturgeon continue to use this habitat. 

In summary, the following mitigation measures will be implemented to address construction effects on 

lake sturgeon: 

 Avoidance of instream construction during sensitive spawning periods, where possible; 

 Fish salvage prior to dewatering; 

 Application of guidelines for end-of-pipe screening and blasting; 

 Measures to reduce effects on water quality;  

 Construction of spawning habitat downstream of the tailrace (see also Section6.4.2.3.1); and 

 Stocking in both the reservoir and Stephens Lake. 

6.4.2 Operation Period 

Through the following pathways, the Project has the potential to affect lake sturgeon during operation: 

 Increase in lake sturgeon movements upstream to Split and Clark lakes due to velocity changes as a 

result of impoundment (e.g., reduction in velocity at Birthday Rapids); 

 Habitat changes in the reservoir due to changes in water levels and flow that will result in the loss or 

alteration of existing habitat (riverine channels in Gull Lake, Birthday Rapids) and creation of new 

habitat;  

 Creation of a barrier to upstream fish movement at Gull Rapids due to the presence of the GS;  

 Changes in downstream movement of larval, juvenile and adult fish due to the creation of the 

reservoir and presence of the GS structures (i.e., dam, spillway, trash racks and turbines); 

 Loss of Gull Rapids; 

 Alteration of habitat in the river channel between Gull Rapids and Stephens Lake;  

 Potential for fish to become stranded after spillway operation; and 
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 Changes in harvest levels.  

6.4.2.1 Upstream of Outlet of Clark Lake  

6.4.2.1.1 Habitat 

Aquatic habitat upstream of the outlet of Clark Lake (i.e., Split Lake area) is predicted to not be affected 

by operation of the Project (Section 3.4.2.1). Therefore, the Project will not have any effect on habitat 

used by lake sturgeon in this reach for spawning, rearing, foraging, or overwintering. 

6.4.2.1.2 Movements 

Although movements of lake sturgeon from below Clark Lake into the Split Lake area have been 

documented (Section 6.3.2.7), sturgeon populations downstream of Clark Lake are not believed to rely on 

habitat in the Split Lake area and currently the incidence of movements upstream into the Split Lake area 

appears to be low. However, upstream movement of lake sturgeon in response to habitat disturbance in 

the Keeyask GS reservoir may occur as was observed with other fish species during impoundment of the 

Desaulniers River, Québec (Boucher 1982). Telemetry data suggest that Birthday and Long rapids 

currently are not a barrier to upstream movement of adult lake sturgeon.  Emigration of lake sturgeon 

upstream is not expected to affect the current population in the Split Lake area as it contains ample 

habitat to support additional fish; over time, some lake sturgeon that move upstream may return 

downstream to the reservoir.  

Habitat changes downstream of Clark Lake are not expected to affect sturgeon in the Split Lake area 

since they are not dependent on downstream habitat. 

6.4.2.1.3 Health 

Aquatic habitat and water quality upstream of the outlet of Clark Lake are not expected to be affected by 

operation of the Project (Section 3.4.2.1). Therefore, the Project is not expected to have any effect on the 

amount or quality of lake sturgeon foraging habitat (and therefore on the growth and condition of 

sturgeon) in this area. 

6.4.2.1.4 Net Effects with Mitigation 

The Project is predicted to have minimal impacts on lake sturgeon and no effect on their habitat in the 

Split Lake area. In the short-term, lake sturgeon abundance may increase slightly in this area as a result of 

lake sturgeon moving away from the Keeyask reservoir in response to habitat disturbances associated 

with impoundment. However, the rate of emigration to upstream areas is expected to be low as it is in 

the current environment because Long Rapids will remain unchanged. Over time, some lake sturgeon 

that move upstream may return downstream to the reservoir.  

Although direct effects to lake sturgeon in the Split Lake area are predicted to be minimal, stocking of 

sturgeon (Appendix 1A) into suitable habitat at the upper end of Split Lake as part of a broader initiative 

to augment remnant populations is expected to increase the population in the long term.   
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6.4.2.2 Outlet of Clark Lake to Keeyask Generating Station 

6.4.2.2.1 Applicability of Proxies 

The reach of the Nelson River between Clark Lake and the Keeyask GS will undergo substantial changes 

in habitat post-impoundment. There are several examples of reservoirs where sturgeon populations are 

much lower than they appear to have been in the pre-impoundment river reach including: Stephens Lake 

(Section 6.3); Long Spruce reservoir; and Limestone reservoir. However, sturgeon numbers have been 

maintained in other reservoirs (e.g., Nelson River above Kelsey GS, Winnipeg River between Slave GS 

and Pointe du Bois GS) or subsequent declines have been attributed to other factors (e.g., harvest). The 

reasons behind the sustained presence or decline in a lake sturgeon population at a given reservoir are 

complex, and appear related to a variety of factors including: the availability of suitable habitat to support 

all life history functions; sturgeon immigration and emigration; and fishing mortality.  

In general, Stephens Lake provides a reasonable proxy for the future Keeyask reservoir; however, use of 

this lake specifically to assess habitat suitability for lake sturgeon in the Keeyask reservoir is confounded 

by the lake’s low sturgeon population density. Although the reasons for the current low numbers of lake 

sturgeon in Stephens Lake are not known, likely contributing factors include fishing mortality in 

combination with emigration and habitat changes during and following impoundment of the Kettle GS. 

Field studies indicate that suitable habitat exists in Stephens Lake to support all life history stages of lake 

sturgeon. Lake sturgeon spawn at Gull Rapids, and sub-adult and adult sturgeon forage in the reach 

between Gull Rapids and the inlet to Stephens Lake, as well as in the original Nelson River channel in the 

western portion of the lake (Section 6.3.2.3 and Section 6.3.2.4). An area (50 ha) of habitat with suitable 

substrate, depth, and velocity for YOY is present, and is currently used by two to four year old (and 

possibly younger) sturgeon. There also appears to be rearing habitat in the reach between Gull Rapids 

and Stephens Lake proper6. Since habitat does not appear to be limiting, it is more likely that the small 

number of spawners, attributable at least in part to higher than sustainable fishing mortality over the past 

decades, is a major factor preventing the population from recovering to a density comparable to that 

currently occupying the reach between Clark Lake and Gull Rapids.  

Limestone GS and Long Spruce GS reservoirs both contain ―remnant‖ lake sturgeon populations, but 

certain physical features of these reservoirs limit their suitability as proxies for predicting conditions for 

lake sturgeon in the future Keeyask reservoir. Both Limestone and Long Spruce reservoirs are much 

shorter in length (16 and 23 km long, respectively) than the Keeyask reservoir (37 km) and are more 

homogenous with regards to habitat, being very deep with little littoral zone. At the conclusion of the 

Limestone Monitoring Program (1985–2003), there was no evidence that successful recruitment of lake 

sturgeon was occurring or would occur, within either waterbody (NSC 2012). Although many of the 

sturgeon captured are younger than the age of the reservoir, it remains unclear whether the young 

                                                      

6 Optimal rearing conditions (in particular, sand or sand/gravel substrates) were not detected at the level of detail 

used in sonar bottom-typing of this area; however, two YOY lake sturgeon were captured in this reach during 

environmental studies (Section 6.3.2.2). 
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sturgeon are a product of spawning within the reservoirs or are immigrants from upstream. The majority 

of lake sturgeon captured in these reservoirs are taken in the upper, more riverine areas. Researchers on 

the Winnipeg River have also found that sturgeon are most abundant in the upper reaches of reservoirs 

where conditions are more characteristic of riverine conditions (NSC 2012).  

The following assessments are based firstly on habitat conditions predicted 30 years post-impoundment 

(Section 3) in conjunction with site-specific HSI models, and secondly, on habitat effects observed in 

other reservoirs, where applicable. 

6.4.2.2.2 Habitat  

Spawning Habitat 

Environmental studies indicate that Birthday Rapids is an important spawning location for lake sturgeon 

in the reach of the Nelson River between Clark Lake and Gull Rapids. Alternative spawning habitat may 

be available in Long Rapids immediately downstream of Clark Lake (Section 6.3.2.3). Physical conditions 

in the Long Rapids area appear to meet depth, velocity, and substrate criteria for sturgeon spawning 

habitat. Evidence of sturgeon spawning activity at Long Rapids was documented during two of the four 

environmental studies conducted between Clark Lake and Birthday Rapids from 2001–2010. In some 

cases, lake sturgeon may only move upstream as far as the first set of rapids that provides suitable 

conditions for spawning, even if suitable habitat is also available further upstream (Section 6.3.2.3.1). 

Lake sturgeon in the Nelson River between Clark Lake and Gull Rapids do not appear to use Gull Rapids 

for spawning; therefore, the loss of Gull Rapids is not expected to affect spawning sturgeon between 

Clark Lake and the Keeyask GS. 

The existing environment HSI model for lake sturgeon spawning habitat indicates that there is a WUA of 

between 9 and 12 ha from Clark Lake to Gull Rapids (Section 6.3.2.3.1). Birthday Rapids and Long 

Rapids and areas immediately downstream of them account for all of this area. Existing spawning habitat 

between Clark Lake and Birthday Rapids is not expected to be affected by the Project as flooding is not 

expected to extend that far upstream. However, increased water levels at Birthday Rapids due to 

impoundment may reduce the suitability of habitat in the rapids for spawning lake sturgeon; the post-

Project HSI model suggests that these rapids will no longer be suitable for spawning due to the associated 

loss of white water (Map 6-44 to Map 6-46; Appendix 6D). Loss of spawning habitat due to flooding has 

been observed at the rapids on the Nelson River above the Kettle GS (FLCN 2008 Draft). However, 

some locations where increased water depth has resulted in the loss of white water but maintained 

appropriate velocity and substrate conditions have continued to support spawning lake sturgeon. For 

example, sturgeon appear to have continued to spawn in the Nelson River above the Kelsey GS 

following impoundment (Macdonald pers. comm. 2009). Therefore, it is possible that lake sturgeon will 

continue to use Birthday Rapids as a spawning area. Post-impoundment monitoring of spawning activity 

in this reach will be conducted to determine spawning success and, should monitoring indicate poor or 

no spawning success, contingency works to create suitable spawning habitat will be implemented. 

Contingency measures for the loss of Birthday Rapids as a spawning site are discussed further in 

Appendix 1A. 
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Changes to water quality are not expected to affect the suitability of spawning habitat in the riverine 

portion of the reservoir where lake sturgeon spawn as the analysis of sediment transport indicates that 

total suspended solids levels will decline post-impoundment and no consequential  effects to other water 

quality parameters are expected (Section 2).  

The current extent of predation on lake sturgeon eggs at their spawning grounds in the study area is not 

known. Predation by both lake sturgeon and other species is a source of mortality for lake sturgeon eggs 

in other systems (Appendix 6A). While the Project is predicted to change the composition of the fish 

community between Clark Lake and the Keeyask GS (Section 5), this change (increase in piscivorous fish 

species) is not expected to result in an increase in predation on lake sturgeon eggs.  

Rearing Habitat (YOY) 

Different life history stages of sturgeon appear to have different requirements for foraging habitat, with 

younger fish having more specific habitat needs than older fish (Appendix 6A). In the Nelson River 

between Clark Lake and Gull Rapids, YOY lake sturgeon were captured in deep, low velocity water over 

a mostly sand substrate in the downstream portion of Gull Lake on the north side of Caribou Island 

during environmental studies (Section 6.3.2.3.1). The existing environment HSI model for lake sturgeon 

rearing habitat show the reach between Clark Lake and Gull Rapids as having a WUA of between 199 

and 220 ha (Section 6.3.2.3.1). However, almost all high quality habitat (HSI greater than or equal to 0.5; 

54–64 ha) is located in the downstream portion of Gull Lake on the north side of Caribou Island, where 

YOY lake sturgeon were captured during environmental studies. The post-Project HSI model predicts a 

total rearing habitat WUA of between 445 and 637 ha. However, the amount of high quality rearing 

habitat for the reservoir is predicted to be lower (WUA=16–19 ha; Map 6-47 to Map 6-49; 

Appendix 6D). Furthermore, YOY access to the high quality habitat also is expected to be reduced given 

the increased area of the reservoir and the loss of moderate currents on which larvae currently rely to 

transport them to favourable rearing habitat in the lower end of Gull Lake. Because of this, it is uncertain 

whether the post-Project rearing habitat will be accessible to drifting larval sturgeon. Post-Project 

monitoring will be conducted to determine YOY distribution and abundance and, if necessary, 

contingency works to create sandy habitat suitable for YOY rearing in the reservoir would be 

implemented; contingency measures are discussed further in Appendix 1A.  

Foraging Habitat (Sub-adult and Adult) 

During the initial years post-impoundment, conditions over the newly flooded terrestrial habitat would 

not be optimal for lake sturgeon, which appear to favour deeper, more riverine, mineral substrate 

environments in the Nelson River (Section 6.3.2.3.1). Both sub-adult and adult lake sturgeon were 

captured or relocated via telemetry between Birthday Rapids and Gull Rapids, but were mainly found in 

Gull Lake (Section 6.3.2.3.1). In Gull Lake, sub-adults occupied a narrower range of conditions, 

favouring deep, low to moderate velocity areas. Adult sturgeon were also observed in the reach between 

Clark Lake and Birthday Rapids.  

Lake sturgeon will continue to be able to use habitat in the former mainstem and Gull Lake that are not 

expected to experience the changes in water quality (Section 2.5.2.2) that are predicted for flooded 
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shallow water lentic habitats (decreased dissolved oxygen, flooded terrestrial organics and episodic 

increases in suspended sediments). Over time, as the substratum evolves, lake sturgeon could begin to 

use flooded portions of the reservoir as conditions become suitable. 

The long-term use of the reservoir by sub-adult and adult sturgeon was modeled separately. The post-

Project HSI models predict a net gain of approximately 600–750 ha (WUA) of foraging habitat for sub-

adults and a net gain of approximately 3,000–3,150 ha for adults (Map 6-50 to Map 6-55; Appendix 6D).  

Currently, there appears to be a sufficient food supply for lake sturgeon between the outlet of Clark Lake 

and Gull Rapids (Section 6.3.2.3.1). Overall, benthic invertebrate abundance is expected to increase 

between Clark Lake and the Keeyask GS in both the short-term and long-term (Table 4-34), suggesting 

there will be an adequate food supply for both sub-adult and adult lake sturgeon post-Project. 

The majority of the lake sturgeon captured in the Long Spruce and Limestone reservoirs are taken in the 

upper end of the reservoirs where conditions are more characteristic of riverine habitat (NSC 2012). 

These observations suggest that, while the amount of usable foraging habitat (i.e., WUA) upstream of the 

Keeyask GS will be higher in the post-Project environment, not all this habitat may be selected by either 

sub-adult or adult fish. 

Overwintering Habitat 

Localized reductions in dissolved oxygen in nearshore zones may reduce the quality of habitat in off-

current areas during winter, particularly in the first year post-impoundment (Section 2.5.2.2). However, 

these reductions are expected to have a limited effect on lake sturgeon overwintering habitat as ample 

well-oxygenated deep-water habitat will be available during winter. 

6.4.2.2.3 Movements 

Studies conducted to date have recorded incidental movements of lake sturgeon through Birthday Rapids 

and Gull Rapids (Section 6.3.2.7). Lower velocities and increased depth at Birthday Rapids may facilitate 

passage of lake sturgeon upstream through the rapids. It is possible that sturgeon will emigrate upstream 

or downstream away from the reservoir in response to habitat changes resulting from impoundment. 
Upstream emigration of other fish species was observed in the Desaulniers River, Québec (Boucher 

1982), and downstream emigration was documented for lake sturgeon moving out of the Limestone 

reservoir within the first five years after impoundment (NSC 2012). Over time, some lake sturgeon that 

move upstream may return downstream to the reservoir. Although fish that permanently leave Gull Lake 

will not be replaced with the same age classes, conservation stocking will be used to maintain the total 

number of lake sturgeon in the reservoir. Details of the stocking program are provided in Appendix 1A. 

Downstream movements of lake sturgeon through the Keeyask GS would represent a permanent loss to 

the population between Clark Lake and the Keeyask GS, as movements back upstream would be blocked 

by the dam. Implementation of upstream fish passage (Section 6.4.2.3) would mitigate the loss of lake 

sturgeon from the Keeyask reservoir.  

The lake sturgeon population in the Keeyask reservoir will also potentially be affected by the loss of 

access to habitat in Stephens Lake and the barrier to the upstream movement of fish from Stephens Lake 
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(e.g., potential loss of inputs to the population from immigration). The effect of the GS as a barrier to 

movements in the context of Stephens Lake is discussed below in Section 6.4.2.3.2  

6.4.2.2.4 Health 

Growth and condition of many large-bodied fish species (including lake sturgeon) could increase after 

impoundment in response to increased primary and secondary production (Section 5.4.2).  

6.4.2.2.5 Mortality and Injury 

Improved road and waterway access has the potential to increase access to the Gull Lake area, and 

therefore opportunity for domestic harvest of lake sturgeon. Development of a lake sturgeon 

conservation awareness initiative to inform domestic resource users of the vulnerability of the lake 

sturgeon populations in the Keeyask reservoir and Stephens Lake will mitigate the potential for effects of 

increased harvest.  

Downstream movement of lake sturgeon through the GS could result in injury or mortality due to 

turbine strikes. Turbine mortality would ultimately affect lake sturgeon downstream of the GS by 

reducing the number of immigrants entering the Stephens Lake population. Both the turbines and 

spillway will incorporate design features to reduce the risk of injury and mortality to fish (Appendix 1A). 

6.4.2.2.6 Net Effects with Mitigation  

Lake sturgeon require a range of habitat types to fulfill their life history requirements, including distinct 

habitat types for egg and larval development, and feeding of juveniles and adults. It has been suggested 

that a minimum of 250–300 km of barrier-free river and lake habitat are necessary to support a self-

sustaining lake sturgeon population (Auer 1996). However, lake sturgeon have been documented thriving 

in much smaller reaches such as the Kelsey GS reservoir in the Nelson River; and the Seven Sisters and 

Slave Falls reservoirs in the Winnipeg River, MB (Macdonald 1998; NSC unpubl. data). Lake sturgeon have 

also been found to limit their movements to a relatively short reach of river even in the absence of 

physical barriers that would prevent movement further upstream or downstream (Appendix 6A). There 

are examples of other sturgeon species thriving in relatively short reaches of impounded river (e.g., white 

sturgeon, Acipenser transmontanus, in the Bonneville and Dalles reservoirs on lower Columbia River; Kern 

et al. 2004, 2005; Oregon Department of Fish and Wildlife [ODFW] 2005). 

The Keeyask area appears to contain habitat for sturgeon to fulfill all their life history functions, with two 

sets of rapids to provide spawning habitat, and 40 km of riverine and lacustrine environments that 

provide rearing, foraging, and overwintering habitat. Although the sturgeon population within this reach 

is relatively small, YOY, sub-adult, and adult fish have all been captured, indicating that successful 

recruitment is occurring. 

Predicted changes to lake sturgeon habitat between Clark Lake and Gull Rapids include the potential loss 

of Birthday Rapids as a spawning site and the loss of riverine areas within Gull Lake associated with its 

conversion to a reservoir environment. It is possible that sturgeon will use spawning habitat in Long 

Rapids if conditions at Birthday Rapids are no longer suitable for spawning. Post-Project monitoring of 

spawning activity at these rapids will be conducted to determine spawning success and, should 
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monitoring indicate poor or no success, contingency works to enhance shoreline areas at Birthday Rapids 

and create suitable spawning habitat will be implemented (Appendix 1A).  

Riverine areas that will be lost from Gull Lake appear to be particularly important habitat for YOY and 

sub-adult lake sturgeon and there is uncertainty whether the combination of physical features that 

currently make these areas suitable to young sturgeon (particularly YOY) will be present in sufficient 

quantity to sustain the population in the post-Project environment. Although the amount of YOY habitat 

that will be available after impoundment is predicted to be similar in quantity to that which is currently 

present, the more highly suitable habitat is not expected to be accessible to drifting larval sturgeon in the 

post-Project environment. Predicted changes to the water regime in Gull Lake suggest that it may be 

necessary to create compensatory YOY habitat via strategic placement(s) of sand in the reservoir. 

However, prior to undertaking such compensation works, monitoring of physical parameters will be 

conducted to confirm substrate and velocity conditions that develop after impoundment. Physical 

environment monitoring would be conducted in conjunction with assessments of YOY and young sub-

adult lake sturgeon distribution and abundance in relation to post-Project depth, velocity, and substrate 

conditions to refine locations where sand should be placed, if it is deemed necessary. Preliminary details 

of the sand placement strategy for the reservoir are provided in Appendix 1A.  

The potential effect of loss of access to habitat in Stephens Lake/loss of immigrants from Stephens Lake 

is discussed below (Section 6.4.2.3.2). 

Lake sturgeon abundance between Clark Lake and the Keeyask GS may decline in the short-term due to 

movements of lake sturgeon upstream into the Split Lake area or downstream (through the GS) into the 

Stephens Lake area in response to environmental disturbance associated with construction and initial 

operation. The status of small lake sturgeon populations in other reservoir environments such as the 

Kettle, Long Spruce, and Limestone reservoirs on the lower Nelson River (NSC 2012) and the Opinaca 

and Robert-Bourassa reservoirs in Québec (Hayeur 2001), suggest that a longer-term decline in lake 

sturgeon abundance may occur after impoundment. Therefore, in addition to the mitigation measures 

discussed above, a stocking plan has been developed to enhance the existing population in this reach and 

to compensate for potential population reductions. The stocking plan would be implemented prior to the 

start of construction, and would include the introduction of fall fingerlings (three to four months old) 

and spring yearlings to the reservoir. Stocking of fingerlings and yearlings by-passes the more vulnerable 

life stages, which have the most specific habitat requirements (eggs, larvae, and early YOY). Maintaining a 

viable population will prevent the long-term decline that seems to have occurred in some reservoirs, such 

as Stephens Lake. Details of the stocking plan as it pertains to this reach of the Nelson River as well as 

other locations in the study area are provided in Appendix 1A. 

Domestic fishing mortality will be mitigated through the development of a conservation awareness 

program. Mortality and injury as a result of downstream movements through the powerhouse or over the 

spillway will be mitigated through the incorporation of design features to reduce mortality and injury 

(Appendix 1A)  
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6.4.2.3 Keeyask Generating Station to Kettle Generating Station 

The following assessment is based on habitat conditions predicted 30 years post-impoundment 

(Section 3) in conjunction with site-specific HSI models (Appendix 6D).  

6.4.2.3.1 Habitat 

Spawning Habitat 

Gull Rapids is the only known spawning location of lake sturgeon residing in Stephens Lake 

(Section 6.3.2.4). Members of CNP and FLCN are concerned that lake sturgeon spawning habitat will be 

lost at Gull Rapids (FLCN 2010 Draft; CNP Keeyask Environmental Evaluation Report) and those 

sturgeon that remain will be trapped between dams with less available habitat (CNP, YFFN and FLCN 

2011). The existing environment HSI model for lake sturgeon spawning habitat indicates that there is a 

total WUA of between 13 ha and 18 ha (of which between 1.1 ha and 3.8 ha are high suitability habitat) 

within and at the base of Gull Rapids (Section 6.3.2.3.2). Construction of the GS will result in the loss of 

all potential spawning habitat in these areas (Map 6-44 to Map 6-46; Appendix 6D). There is currently no 

evidence of lake sturgeon from Stephens Lake moving upstream of Gull Rapids to spawn (Section 

6.3.2.7), but the GS would block any such movements. 

To compensate for the loss of spawning habitat, several areas will be developed to provide suitable 

spawning habitat (see Appendix 1A for a detailed description). A spawning structure will be constructed 

along the north bank immediately downstream of the tailrace. The structure will consist of a 3 ha area 

with a base comprised of cobbles and boulders with a minimum diameter of 0.1 m to allow for ample 

interstitial spaces for egg incubation, and clusters of three large (greater than 0.9 m) boulders spread over 

the structure to create off-current resting areas and turbulent flow. A range of depths (1–10 m) and 

velocities (0.5–1.5 m/s) will occur over the structure. During the lake sturgeon spawning and egg 

incubation period (late May to mid-July), operation of the GS will be constrained to include continuous 

operation of the two units immediately upstream of the structure to ensure adequate flows (PD SV 

Section 6.6). The structure will be monitored to determine whether successful spawning is occurring and, 

if not, it will be modified as required. 

Lake sturgeon may, under some flow conditions, move upstream past the spawning structure and into 

the tailrace as has been observed below other GSs such as the Slave Falls GS and the Pointe du Bois GS 

on the Winnipeg River (McDougall et al. 2008a, b). To provide appropriate habitat, the north bank of the 

tailrace will be modified to create a shelf with coarse substrates and cuts in the wall of the tailrace will 

guide sturgeon moving at depth up towards the suitable substrate. Larval lake sturgeon that emerge from 

the spawning structures will be entrained in the flow from the powerhouse and transported downstream 

to rearing habitat that has been identified north of Cabin Island (Map 6-31 and Map 6-32 and see next 

section). 

In addition, coarse materials from the remnants of the tailrace cofferdam will be spread to create 

conditions attractive to spawning fish in areas where interference with the outflow from the GS will not 

be a concern. The tailrace cofferdam extends from the transmission tower spur downstream and then to 
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the north bank; locations where remnants will be left will be determined following further hydraulic 

modelling.  

Lake sturgeon could also use habitat in the river below the spillway in years when the spillway is 

operating at sufficient discharges during the spawning and egg incubation period (estimated 20-30% of 

years; PD SV). During those years when discharge from the spillway appears adequate to attract spawning 

sturgeon, the spillway channel and immediate downstream river environment will be monitored to 

determine whether lake sturgeon are spawning in this area and, if so, attempts will be made to identify 

locations and timing of egg deposition. If eggs are deposited, spillway discharge would be maintained at 

levels sufficient to permit egg hatch and survival of larval fish until they emerge and drift from the site. 

Egg survival and hatch success will not be affected by Project changes in water quality (Section 2.5.2). In 

addition, as mentioned above, the GS will be operated to provide adequate flows and minimize water 

level fluctuations during sturgeon spawning and egg incubation periods to promote spawning and 

prevent exposure of eggs or larvae. It is not expected that the Project will result in increased predation on 

sturgeon eggs since the species composition of the Stephens Lake fish community is not expected to 

change as a result of the Project. 

Rearing Habitat (YOY) 

Young-of-the-year lake sturgeon are generally found in shallow or deep water in areas of low velocity 

over a sand or sand/gravel substrate (Appendix 6A). The existing environment HSI model for lake 

sturgeon rearing habitat suggests that there is no high suitability habitat (HSI greater than or equal to 0.5) 

for YOY between Gull Rapids and Stephens Lake (Section 6.3.2.3.2). The capture of 3-month-old 

(approximate) YOY sturgeon over cobble/boulder substrate along the south shore between the rapids 

and the lake, suggests that older YOY can survive in what is thought to be less than optimal habitat, or 

that YOY in this area are occupying microhabitats (e.g., sand/gravel patches behind boulders) that were 

not detected at the scale that bottom typing sonar data were collected (Section 3).  

Habitat suitable for YOY sturgeon is present in the western portion of Stephens Lake north of Cabin 

Island (Section 6.3.2.4.2); analysis of post-Project sedimentation indicates that this area will not be subject 

to silt deposition during construction or operation (PE SV). 

Because the number of lake sturgeon residing downstream of Gull Rapids is considerably reduced 

compared to historic levels, a stocking program will be implemented to avoid possible effects of a 

temporary reduction in rearing habitat should it occur (Appendix 1A) and potentially increase lake 

sturgeon abundance in Stephens Lake.  

Post-Project monitoring of physical conditions (water velocity and substrate development) will be 

conducted in conjunction with an assessment of YOY and yearling distribution and abundance 

downstream of the Keeyask GS to ensure that there is sufficient rearing habitat. Should monitoring 

indicate that high quality rearing habitat is lacking, contingency works to create sandy habitat within the 

reservoir downstream of the GS would be implemented (Appendix 1A).  
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Foraging Habitat (Sub-adult and Adult) 

Environmental studies conducted between Gull Rapids and Kettle GS indicate that both sub-adult and 

adult lake sturgeon forage primarily in riverine habitat downstream of Gull Rapids, particularly within or 

near the original Nelson River channel in the western portion of the reservoir (sections 6.3.2.3.2 and 

6.3.2.4.2).  

Sub-adult lake sturgeon were not documented within Gull Rapids during environmental studies; however, 

there is evidence that some adult sturgeon feed within Gull Rapids (Section 6.3.2.3). The footprint of the 

GS, the barrier to upstream movement that it creates, and de-watering of Gull Rapids, will eliminate or 

prevent access by Stephens Lake sturgeon, to all foraging habitat within the rapids.  

The post-Project HSI sub-adult foraging habitat model predicts a loss of or loss of access to, 

approximately 8-10 ha (WUA) of sub-adult foraging habitat within and at the base of the rapids, and a 

gain of approximately 9–18 ha between the rapids and Stephens Lake. This amounts to a net gain of 

between 0–8 ha of sub-adult foraging habitat (Map 6-50 to 52; Appendix 6D) for Stephens Lake sub-

adult lake sturgeon. 

The post-Project HSI adult foraging habitat model predicts a loss of or loss of access to, approximately 

143–157 ha (WUA) of adult foraging habitat within and at the base of the rapids, and somewhere 

between a loss of 3 ha and a gain of 21 ha of adult foraging habitat between the rapids and Stephens 

Lake. Depending on flow, the model predicts a net loss of or loss of access to, approximately 131–152 ha 

of adult foraging habitat (Map 6-503 to Map 6-555; Appendix 6D) for Stephens Lake adult lake sturgeon.   

Mitigation has not been proposed to specifically address the reduction in available foraging habitat 

associated with the construction and presence of the Keeyask GS. Relatively few lake sturgeon access the 

Gull Rapids foraging habitat and suitable adult sturgeon foraging habitat is abundant in the approximately 

28,000 ha Stephens Lake.  

Overwintering Habitat 

Lake sturgeon that reside downstream of Gull Rapids appear to overwinter primarily in Stephens Lake 

(Section 6.3.2.4). Overwintering habitat is likely closely associated with the original Nelson River channel 

in the western portion of the lake and will not be affected by operation of the GS.  

6.4.2.3.2 Movements 

The GS will block upstream movements of adult lake sturgeon from below the GS, and downstream 

movements from the reservoir, except for fish that pass over the spillway or past the turbines. Currently, 

adult lake sturgeon move upstream and/or downstream over Gull Rapids (Section 6.3.2.7); however, 

these movements do not appear to be related to the fulfillment of a particular life history function (e.g., 

spawning). Access to habitat in the Gull Lake area does not appear to be critical to the lake sturgeon 

population downstream of Gull Rapids, and likewise, sturgeon in Gull Lake do not appear to require 

habitat in Stephens Lake. Consequently, provision of upstream and downstream passage at the GS would 

provide no clear benefit to either the Gull Lake or the Stephens Lake sturgeon populations.  
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The mitigation approach for potential effects of a physical barrier to upstream movement of either 

population is to provide habitat for all life history stages both upstream and downstream of the GS. The 

objective is to create/maintain self-sustaining populations in both areas. This approach avoids reliance on 

untested fish passage methods. (No fishways that successfully allow movement of lake sturgeon upstream 

and downstream past a facility the size of the, or in the climatic setting of Keeyask GS exist.) However, a 

need was identified to include upstream fish passage in the Project design to maintain existing 

connections among fish populations. This reflects a precautionary approach with respect to uncertainty 

regarding the importance of maintaining connections among populations. Provision of fish passage 

would provide lake sturgeon with access to a greater habitat area, including riverine habitat upstream of 

Birthday Rapids, and avoid creating a partially isolated population in Stephens Lake. 

The phased approach to fish passage described in Appendix 1A will permit trial implementation of fish 

passage for lake sturgeon with minimal risk to the Stephens Lake population. Analyses conducted to date 

indicate that a trap/catch and transport program would be the most effective method to test the success 

of upstream passage and evaluate future options. Trap/catch and transport will also allow selection of 

lake sturgeon for upstream passage (for example, to avoid depleting the Stephens Lake population, only 

sturgeon that tags indicate originated from upstream of Gull Rapids may be transported). 

Implementation of the fish passage program will be conducted in close consultation with DFO and 

Manitoba Conservation and Water Stewardship (MCWS) and rely on monitoring to determine the 

success of the program and potential modifications. 

Sturgeon moving downstream from the Keeyask reservoir would need to pass either over the spillway 

(when it is in operation) or past the trash racks and turbines. Effects to lake sturgeon would likely be 

similar to those of other fish (Section 5). Trash racks would physically exclude the largest sturgeon 

(greater than 1.4 m in fork length), though slightly smaller fish would likely not pass due to avoidance 

behaviour. Although experimental studies of turbine effects have not been conducted with lake sturgeon, 

studies of fish movements in the Limestone reservoir have recorded downstream passage by lake 

sturgeon both over the spillway and past the turbines.  

During spillway operation, which is projected to occur minimally, relatively more fish may be entrained in 

the flow and move downstream than during normal GS operation due to high water velocities in the 

immediate reservoir upstream of the spillway.  

In the long-term, blockage of downstream movements of sub-adult and adult lake sturgeon would reduce 

inputs to the downstream population through immigration. However, this effect is expected to be 

negligible given the current low rate of downstream movement (Section 6.3.2.7).  

Creation of the Keeyask reservoir will reduce or eliminate the transport of larval lake sturgeon from the 

Clark Lake to Gull Rapids reach that have become entrained in the flow and carried downstream to 

Stephens Lake. The number of larval lake sturgeon presently entering Stephens Lake and the importance 

of this potential influx to the population is not known. Given that spawning sturgeon have not been 

captured in Gull Rapids in recent years, and that the majority of flow from spawning locations at Long 

and Birthday rapids moves along the south channel of the Nelson River where there are few low velocity 

areas for larval sturgeon to settle, it is likely that larval sturgeon may drift over Gull Rapids and into 

Stephens Lake. Stocking of fingerlings and yearlings into Stephens Lake, which is planned to augment the 
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small population (see below), will also compensate for any reductions in the input of drifting larval lake 

sturgeon. 

6.4.2.3.3 Health 

Changes to the overall amount and quality of foraging habitat downstream of Gull Rapids are expected to 

be small relative to total available foraging habitat. No detectable effects to the condition of lake sturgeon 

are expected in the Keeyask GS to Kettle GS reach. 

6.4.2.3.4 Mortality and Injury 

At present, this reach is subject to domestic fishing but the number of sturgeon taken is not known. New 

road construction will increase access opportunities for domestic harvesters and thereby potentially 

increase lake sturgeon harvest. A lake sturgeon conservation awareness program for the Project will be 

developed in consultation with local domestic resource users and MCWS to highlight the sensitivity of 

populations in the Keeyask reservoir and immediately downstream.  

There is no information available on turbine mortality rates for sturgeon. Turbine mortality rates for 

other VEC species are discussed in Section 5. Turbine design will include modifications to reduce the 

potential for injury and mortality of fish entrained in flows through the powerhouse (Appendix 1A). 

Lake sturgeon downstream of the GS could become stranded in isolated pools that may form in portions 

of the south channel of Gull Rapids following spillway operation (Section 3.4.2.3). Measures to mitigate 

the effects of stranding will be implemented and include the design and construction of works to infill 

pools and/or create connecting channels between the pools and Stephens Lake (Appendix 1A). 

6.4.2.3.5 Net Effects with Mitigation 

Potential negative effects of the loss of spawning habitat are expected to be fully mitigated through the 

creation of compensatory spawning habitat constructed below the GS tailrace. A detailed description and 

diagram of the structure, its placement below the GS, and physical conditions required for the structure 

to be effective (i.e., depth, velocity, and flow characteristics) are provided in Appendix 1A. Post-Project 

monitoring of spawning activity at the structure and of larval drift downstream of it, will be conducted to 

ensure that the structure is being used, that spawning is successful, and to determine whether any changes 

to the flow regime over the structure are required.  

In addition to spawning habitat creation, during years when discharge from the spillway appears adequate 

to attract spawning sturgeon, and monitoring reveals spawning activity and egg deposition, the spillway 

discharge would be maintained at levels sufficient to permit egg hatch and survival of larval fish until they 

emerge and drift from the site. 

To mitigate any potential effects related to substrate changes at identified YOY rearing habitats 

downstream of the Keeyask GS, post-Project monitoring of physical conditions (water velocity and 

substrate development) will be conducted in conjunction with an assessment of YOY and yearling 

distribution and abundance to ensure that there is sufficient rearing habitat. Should monitoring indicate 

that high quality rearing habitat is lacking, contingency works to create sandy habitat within Stephens 

Lake downstream of the GS would be implemented (Appendix 1A). 
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Stocking (Appendix 1A) of fall fingerling and yearling lake sturgeon will mitigate potential effects related 

to potential alteration of YOY rearing habitat and the loss of access to spawning habitat during the 

construction period and prior to creation of new spawning habitat. Stocking in Stephens Lake will also 

mitigate any potential effects related to the reduction or loss of downstream drift of larval lake sturgeon 

from upstream areas. 

Potential effects of the barrier to upstream fish movements on the Stephens Lake sturgeon population 

created by the GS will be mitigated through the provision of an upstream fish passage (transport) system 

that would provide lake sturgeon with access to a greater habitat area but safeguard the small Stephens 

Lake adult spawning population.  

Downstream movement of lake sturgeon through the GS could result in injury or mortality due to 

turbine strikes. Turbine mortality would ultimately affect lake sturgeon downstream of the GS by 

reducing the number of immigrants entering the Stephens Lake population. Both the turbines and 

spillway will incorporate design features to reduce the risk of injury and mortality to fish (Appendix 1A). 

Potential stranding of lake sturgeon downstream of the GS in isolated pools following spillway operation 

will be avoided through the construction of connecting channels to allow fish escapement to Stephens 

Lake (Appendix 1A). 

Potential negative effects of increased harvest on lake sturgeon as a result of improved access by 

domestic fishers will be mitigated through the implementation of a conservation awareness program 

directed at promoting lake sturgeon population growth. 

6.4.2.4 Net Effects of Operation with Mitigation 

Potential effects to lake sturgeon in the study area are primarily related to habitat losses or alteration 

associated with the presence and operation of the GS, and include the following: 

 Potential reduction/degradation of spawning habitat at Birthday Rapids and complete loss of 

spawning habitat at Gull Rapids; 

 Loss of natural lake sturgeon reproduction in Stephens Lake during the construction period; 

 Complete loss of or loss of access to sub-adult and adult foraging habitat within Gull Rapids; 

 Loss of access to YOY rearing habitat in Gull Lake;  

 Decreased suitability of current ―hot spots‖ for sub-adult sturgeon due to lower velocities and silt 

deposition throughout much of present-day Gull Lake; 

 Potential stranding of lake sturgeon in isolated pools downstream of the spillway following spillway 

operation; 

 Potential reduction/degradation of sub-adult and potential YOY rearing habitat between Gull Rapids 

and Stephens Lake, and in the western portion of Stephens Lake;  

 Potential loss of sub-adult and adult sturgeon from the Gull Lake area due to emigration at 

impoundment; and 
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 Blockage of all upstream movements and creation of a significant barrier to downstream movement, 

including larval drift. 

In summary, the following mitigation measures will be implemented to address operating effects on lake 

sturgeon: 

 Monitoring to determine whether lake sturgeon continue to spawn at Birthday Rapids and, if not, 

placement of large structures along the shorelines to create turbulent flow to attract spawning fish; 

 Monitoring of potential YOY habitat in the Keeyask reservoir and, if monitoring shows that juvenile 

recruitment is not successful, implementation of a program to create suitable habitat; 

 Construction of spawning habitat downstream of the GS; 

 Construction of channels to connect pools isolated after spillway operation to Stephens Lake to 

allow stranded fish to escape; 

 A trap/catch and transport program for upstream fish passage. Downstream fish passage is being 

provided via the turbines and spillway, both of which incorporate design features to reduce the risk 

of injury and mortality to fish. The Project will be designed and constructed in a manner that would 

allow it to be retrofitted to accommodate other upstream and/or downstream fish passage options if 

required in the future; and 

 Development of a lake sturgeon conservation awareness initiative to inform domestic resource users 

of the vulnerability of the lake sturgeon populations in the Keeyask reservoir and Stephens Lake.  

Finally, implementation of a stocking program in the Kelsey to Kettle GS reach of the Nelson River. As 

discussed in Section 6.3.1, lake sturgeon were historically abundant in much of the lower Nelson River, 

but numbers have declined to the extent that they are currently assessed as endangered by COSEWIC 

and are being considered for listing under SARA. Given that construction of the Project will alter existing 

lake sturgeon habitat, and the uncertainties with respect to their use of constructed or altered habitats, it 

is proposed that stocking be used to support and enhance lake sturgeon populations within the Clark 

Lake to Stephens Lake reach of the Nelson River. Stocking would commence with the start of 

construction to compensate for the loss of natural recruitment that is expected to occur until 

compensatory spawning habitat has been provided. The stocking plan would include the introduction of 

fall fingerlings (three to four months old) and spring yearlings. 

In addition, lake sturgeon will be stocked at off-site locations that currently provide habitat to support all 

life history functions where the current small populations are limiting the potential for recovery. To date, 

candidate sites have been identified in the upper Split Lake area, in the Nelson River below the Kelsey 

GS, the Grass River, and the Burntwood River below First Rapids (Map 1-1). A detailed description of 

the stocking program is provided in Appendix 1A. Principal points are provided below: 

 The stocking program will address effects of the Project, but be conducted in coordination with 

other regional recovery plans; 
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 The plan will be long-term, with a commitment by the Partnership to construct a hatchery 

and/or other facilities in northern Manitoba to provide the necessary infrastructure; 

 Brood stock from the Nelson River will be selected based on genetic considerations, including 

numbers of individuals and genetic similarity to the target area; 

 The program will be conducted in consideration of the need to maintain genetic diversity; and 

 Target numbers and ages of fish stocked at each location will be determined based on the size 

and age structure of the existing population, the ability of the habitat to support additional fish, 

and recommended stocking rates and population targets developed elsewhere (e.g., DFO 2010; 

Wisconsin stocking guidelines). 

Stocking of lake sturgeon is one of the most effective means of recovering this species where 

adequate habitat is available (see Appendix 1A for details). Examples of successful conservation 

stocking programs include: 

 The St. Louis River, a tributary of Lake Superior, where sturgeon were stocked from 1983 to 

2000. Populations have increased in western Lake Superior and recently stocked sturgeon have 

been observed using historical spawning grounds on the St. Louis River; 

 Red River of the North, a tributary of Lake Winnipeg, where a 20-year stocking plan has released 

fingerlings and fry across tributaries in Minnesota and lake sturgeon have been observed in the 

Red River to Lake Winnipeg; and 

 Oneida Lake, New York, where lake sturgeon exhibited very high growth rates. 

Lake sturgeon have also been stocked into the Saskatchewan, Assiniboine and upper Nelson rivers 

in Manitoba.  

These mitigation measures have been discussed with DFO and MCWS. Additional measures that would 

be implemented prior to or during Project operation may be identified as a result of ongoing discussions 

regarding Project effects and mitigation between KHLP and these regulatory agencies.  

6.4.3 Residual Effects 

6.4.3.1 Construction Effects 

Residual effects of the construction of the Keeyask Project are summarized in Table 6-17. 

6.4.3.2 Operation Effects 

Residual effects of the operation of the Keeyask Project are summarized in Table 6-18. 

6.4.3.3 Summary of Residual Effects 

The following are the residual effects on lake sturgeon once the appropriate mitigation measures are 

applied: 
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 Potential shift in spawning location from existing areas at or downstream of Birthday Rapids to other 

nearby habitat (e.g., Long Rapids) (modification of the shoreline at Birthday Rapids may be required 

to create suitable spawning cues);  

 Shift in use of YOY habitat from the river channel in Gull Lake to the river channel in the reservoir 

at the upstream end of Gull Lake (placement of suitable substrate may be required); 

 Alteration of current preferred habitat for sub-adult lake sturgeon due to silt deposition throughout 

much of present-day Gull Lake. This will be offset by a general increase in the amount of habitat in 

the Nelson River between Clark and the GS; 

 Shift in use of spawning habitat in Gull Rapids to constructed habitat in and near the tailrace;  

 Replacement of larval lake sturgeon potentially entering Stephens Lake from spawning upstream of 

Gull Rapids with stocked fish; and 

 An overall increase in the regional number of lake sturgeon due to augmentation of the currently 

depleted population by stocking. 

The lake sturgeon response to the construction of the Project will result in moderate adverse effects over 

a medium spatial extent (lower reservoir and Stephens Lake) in the medium-term. In the long-term, no 

adverse effects to lake sturgeon numbers in the area directly affected by the Project are expected due to 

mitigation measures to provide habitat for all life history stages and the implementation of an extensive 

stocking program. An overall increase in the number of sturgeon in the Kelsey GS to Kettle GS reach of 

the Nelson River is expected in the long-term as a result of population augmentation due to stocking. 

There would be a commitment to extensive monitoring and adaptive management to modify and 

supplement stewardship as required to meet this goal. The adverse effects during construction are 

reversible (because the population will recover). The effects are continuous as they will last beyond the 

construction period. Finally, effects are of high ecological context due to the sensitivity of the species and 

the vulnerability of the population. 

The technical lake sturgeon assessment is based on an analysis of their use of existing habitats and the 

habitat present post-Project, HSI models developed for the pre- and post-Project environments, and 

observations of lake sturgeon populations in a proxy reservoir (i.e., Stephens Lake) and other reservoirs. 

These approaches provide moderate to high certainty regarding the prediction of adverse effects in the 

absence of mitigation. There is low to moderate certainty regarding the success of mitigation measures to 

create YOY habitat in the reservoir and moderate certainty regarding the success of mitigation measures 

to create spawning habitat in the reservoir and Stephens Lake. However, there is moderate to high 

certainty regarding effects to abundance following the implementation of a stocking program, resulting in 

an overall moderate to high certainty for the predicted increases in regional lake sturgeon numbers. 

6.4.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Keeyask Generation Project: Response to EIS Guidelines, 

Environmental Monitoring Plans are being developed as part of the Environmental Protection Program 

for the Project. The intent of the monitoring plans is to determine whether effects of the Project are as 
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predicted and mitigation measures are functioning as intended. The monitoring plans will also provide for 

follow-up actions if effects are greater than predicted: the actions that would be taken depend on the 

nature and magnitude of the effect. The design of the monitoring plans will also consider uncertainties 

identified during the analysis and/or raised by the KCNs or during the regulatory review process.  

An outline of monitoring planned for the lake sturgeon component of the aquatic environment is 

provided below. A detailed monitoring plan will be provided in the Aquatic Effects Monitoring Plan 

(AEMP). This document will provide a detailed description of the rationale, schedule, sampling locations 

and sampling methods for the technical monitoring that is proposed for the Project. This plan will be 

implemented in consultation with regulators, in particular DFO and MCWS, and it is expected that it will 

change based on regulatory review and on-going review of monitoring results. This monitoring plan will 

be implemented during the Project construction period and will continue into the operating period. 

Reports detailing the outcomes of monitoring programs will be prepared and submitted to regulators, to 

meet conditions of the Environment Act licence and other authorizations for the Project.  

Monitoring of lake sturgeon movements will be conducted using long-term telemetry tags to address 

uncertainties with respect to their behavioural response to habitat disturbances during construction and 

the initial period of reservoir creation. In order to determine whether or not fish passage methods need 

to be modified, movements of lake sturgeon upstream and downstream of the GS will be monitored and 

their behaviour in the immediate vicinity of the GS will be observed. Monitoring for spawning activity 

and the presence of larval fish at locations where these would be expected to occur post-Project will be 

used to confirm whether or not the effects of construction and operation to spawning/rearing habitat 

occurred as predicted, and whether constructed habitat is functioning as intended. Sub-adult and adult 

lake sturgeon population size, relative abundance and condition (as well as other indicators of health) will 

be monitored to determine whether the reservoir and Stephens Lake provide suitable habitat for these life 

history stages. Stocked fish (or a subsample of) will be marked before they are released, and mark-

recapture studies will be undertaken to determine their survival rates. Year-class strength in Gull and 

Stephens lakes will also continue to be monitored on an annual basis. In order to determine whether the 

predicted positive effects to the regional lake sturgeon population occur, sampling will be undertaken to 

estimate population size in the region (from the Kelsey GS to the Kettle GS). The frequency of each of 

these programs will vary; selected components will be monitored annually during instream construction 

and the first three years after FSL is reached, and then every three to five years for the following 20–

30 years, depending on results. Monitoring of lake sturgeon populations will continue in conjunction with 

mitigation programs such as stocking until stocking and habitat mitigation create self-sustaining 

populations.  
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Table 6-1: Adult1 lake sturgeon population estimates with 95% confidence limits for 

the study area and water bodies in Northern and Southern Manitoba 

Location Year Estimate 
95% Confidence Limits 

Lower Upper 

Study Areaa     

Keeyask Area (Birthday Rapids to Gull Rapids) 2001 406 330 638 

 2002 344 246 666 

 2003 550 429 861 

 2004 481 316 876 

 2005    

 2006 1,275 875 2,078 

 2007    

 2008 643 384 1,178 

Split Lake Area 2001 183 122 576 

 2002 228 106 735 

 2003 - - - 

 2004 - - - 

 2005 592 245 1815 

 2006 505 325 947 

 2007 654 527 975 

 2008 - - - 

 2009 585 478 824 

Other Manitoba locations     

Conawapa Area (Nelson River below Limestone 

GS)a 
2004-2005 5,467 3,768 8,018 

Churchill River (confluence of Churchill and Little 

Churchill rivers)2,b 
2003 1,812 1,304 2,320 

Fox River (Rainbow Falls to Great Falls)3,b 2004 646 312 980 

Winnipeg River (Seven Sisters-Slave Falls)4,c 1997 2,998- 1,143 13,101 

Winnipeg River (Slave Falls-Pointe du Bois)5,c 2007 2,205 921 4,095 
1. Adult fish were  ≥ 834 mm fork length. 
2. After Maclean and Nelson (2005). 
3. After Pisiak and Maclean (2007). 
4. After Block (2001). 
5. Estimates from data collected during Pointe du Bois Modernization Project studies (2007-2009). 
a. Estimated using the Robust Design (Kendall and Pollock 1992). 
b. Estimated using the Peterson Method (described in Krebs 1989). 
c. Estimated using the Jolly-Seber Method (described in Krebs 1989). 
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Table 6-2: Lake sturgeon catches (n) and mean catch-per-unit-effort (CPUE) in the Split Lake area, by location, season, 

and life stage, 2001–2008 

Location Season Year # Sites # Fish 

Adult Sub-adult YOY 

n 
Mean 

CPUE1 
n 

Mean 

CPUE 
n 

Mean 

CPUE 

Grass River Spring 2001 6 0 0 - 0 - na2 - 

  2002 3 2 2 0.06 0 - na - 

  2005 2 0 0 - 0 - na - 

  2006 6 2 1 0.01 1 0.01 na - 

  2007 32 10 10 0.03 0 - na - 

  All Years 49 14 13 0.03 1 < 0.01 na - 

 Summer 2006 1 + 13 0 - - - - 0 - 

Nelson River  Spring 2001 23 7 6 0.03 1 0.02 na - 

Downstream of   2002 13 2 1 0.01 1 0.01 na - 

Kelsey GS4  2005 7 4 3 0.03 1 0.02 na - 

  2006 33 21 12 0.01 9 0.02 na - 

  2007 33 49 30 0.05 19 0.02 na - 

  All Years 109 83 52 0.03 31 0.02 na - 

 Summer 2006 23 + 3 14 8 0.01 6 0.01 0 - 

Split & Clark  Spring 2001 15 7 4 0.03 3 0.01 na - 

Lakes  2002 10 1 1 0.05 0 - na - 

  2004 3 0 0 - 0 - na - 

  2005 46 14 8 0.01 6 0.01 na - 

  2006 19 6 4 0.01 2 <0.01 na - 

  2007 13 10 6 0.04 4 0.02 na - 

  2008 5 0 0 - 0 - na - 

  All Years 111 38 23 0.02 15 0.01 na - 

 Summer 2006 60 + 9 9 3 0.01 6 0.01 0 - 
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Table 6-2: Lake sturgeon catches (n) and mean catch-per-unit-effort (CPUE) in the Split Lake area, by location, season, 

and life stage, 2001–2008 

Location Season Year # Sites # Fish 

Adult Sub-adult YOY 

n 
Mean 

CPUE1 
n 

Mean 

CPUE 
n 

Mean 

CPUE 

Burntwood River Spring 2001 26 21 16 0.07 5 0.02 na2 - 

  2002 30 16 14 0.10 2 0.02 na - 

  2005 21 15 14 0.09 1 0.01 na - 

  2006 16 37 34 0.11 3 0.01 na - 

  2007 27 59 54 0.10 5 0.01 na - 

  All Years 120 148 132 0.09 16 0.01 na - 

 Summer 2006 5 + 13 0 0 - 0 - 0 - 

Odei River Spring 2005 6 2 - - 2 0.07 na - 

  2007 13 22 18 0.07 4 0.01 na - 

  All Years 19 24 18 0.05 6 0.03 na - 

All Locations Spring 2001 70 35 26 0.04 9 0.02 na - 

  2002 56 21 18 0.07 3 0.01 na - 

  2004 3 0 0 - 0 - na - 

  2005 82 35 25 0.03 10 0.02 na - 

  2006 74 66 51 0.03 15 0.01 na - 

  2007 118 150 118 0.06 32 0.01 na - 

  2008 5 0 0 - 0 - na - 

 Summer 2006 89 + 14 23 11 0.01 12 0.01 0 - 

 Summer/Fall 1997-20095 - 7 2 - 4 - 1 - 

1. CPUE = # fish/24 h based on 45.7 m net. Adult CPUE calculated using only data from large mesh nets; sub-adult CPUE calculated using data from large and medium mesh; 
young-of-the-year (YOY) CPUE calculated using only data from medium mesh. 

2. na = not applicable. 
3. Large mesh gill nets + medium mesh gill nets. 
4. Including its confluence with the Grass River. 
5. Lake sturgeon catches during environmental studies focusing on other species. 
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Table 6-3: Spawning status of lake sturgeon captured in the study area during spring, 2001–2008 

Area Location 

Male Female4 

Maturity State1  Maturity State 

Maturing 
to spawn 

Ripe Spent 
# 

Spawners2,3 
Maturing to spawn 

Split Lake Burntwood River 18 11 8 28 - 

 Grass River - - 1 1 - 

 
Nelson River downstream of Kelsey 
GS 

- 2 - 2 1 

Keeyask Clark Lake to Birthday Rapids 1 3 - 4 - 

 Birthday Rapids 16 14 3 31 4 

 Birthday Rapids to Gull Lake 7 2 2 10 - 

 Gull Lake 8 1 - 9 2 

 Gull Rapids 1 - 3 4 - 

 Downstream of Gull Rapids 10 1 - 10 3 
1. Includes fish recaptured in multiple maturity states in the same year or fish recaptured in subsequent years. 
2. Does not include recaptures of the same fish in the same location. 
3. Maturity of six males (five between Birthday and Gull rapids and one downstream of Gull Rapids) was identified during surgical implantation of acoustic or radio transmitters in 

2001. 
4. Maturity of five females (three between Birthday and Gull rapids and two downstream of Gull Rapids) was identified during surgical implantation of acoustic or radio 

transmitters in 2001. 
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Table 6-4: Mean habitat-based catch-per-unit-effort (CPUE) of adult lake sturgeon in 

the Split Lake area during spring and summer 

Habitat Characteristics1 
Spring Summer 

# Sites Mean CPUE2 # Sites Mean CPUE 

General Habitat Type     

  Lacustrine 42 0.01 46 <0.01 

  Riverine 249 0.03 34 0.01 

  Rapids 117 0.09 9 0.03 

Water Elevation     

  Shallow 70 0.05 1 0.00 

  Deep 338 0.05 88 0.01 

Water Velocity     

  Standing 12 0.03 - - 

  Low 243 0.03 71 <0.01 

  Moderate 153 0.07 18 0.02 

Substrate Compaction     

  Soft 179 0.03 40 <0.01 

  Hard 229 0.06 49 0.01 
1. Habitat descriptions are provided in tables 6B-2 and 6B-3. 
2. CPUE = # fish/24 h based on 45.7 m net. Adult CPUE calculated using only data from large mesh nets. 

 

Table 6-5: Mean habitat-based catch-per-unit-effort (CPUE) of sub-adult lake 

sturgeon in the Split Lake area for all seasons combined 

Habitat Characteristics1 # Sites Mean CPUE2 

General Habitat Type   

  Lacustrine 94 0.01 

  Riverine 289 0.01 

  Rapids 128 0.01 

Water Elevation   

  Shallow 72 < 0.01 

  Deep 439 0.01 

Water Velocity   

  Standing 12 0 

  Low 325 0.01 

  Moderate 174 0.02 

Substrate Compaction   

  Soft 225 0.01 

  Hard 286 0.01 

1. Habitat descriptions are provided in tables 6B-2 and 6B-3. 
2. CPUE = # fish/24 h based on 45.7 m net. Sub-adult CPUE calculated using data from large mesh and medium mesh nets. 
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Table 6-6: Lake sturgeon catches (n) and mean catch-per-unit-effort (CPUE) in the Nelson River from Clark Lake to Gull 

Rapids, by location, season, and life stage, 2001–2008 

Location Season Year # Sites # Fish 

Adult Sub-adult YOY 

n 
Mean 

CPUE1 
n 

Mean 

CPUE 
n 

Mean 

CPUE 

Clark Lake to Birthday Rapids Spring 2003 12 1 1 0.02 0 - na2 - 

  2004 6 5 5 0.05 0 - na - 

  2008 13 1 1 0.01 0 - na - 

  All Years 31 7 7 0.02 0 - na - 

Birthday Rapids Spring 2001 13 16 16 0.35 0 - na - 

(immediately below the rapids to   2002 6 20 20 0.34 0 - na - 

~ 2 km downstream)  2003 13 22 21 0.16 1 < 0.01 na - 

  2004 8 15 15 0.09 0 - na - 

  2006 4 74 67 0.36 7 0.03 na - 

  2008 8 16 13 0.06 3 0.02 na - 

  All Years 52 163 152 0.22 11 0.01 na - 

 Summer 2006 3 1 1 0.01 0 - na - 

Birthday Rapids to Gull Lake Spring 2001 14 12 12 0.37 0 - na - 

  2002 11 10 10 0.11 0 - na - 

  2003 10 12 12 0.06 0 - na - 

  2004 1 3 3 0.11 0 - na - 

  2006 10 46 36 0.12 10 0.04 na - 

  2008 3 23 22 0.19 1 0.01 na - 

  All Years 49 106 95 0.18 11 0.01 na - 

 Summer 2006 3 0 0 - 0 - na - 

 Fall 2002,03,08 0 + 13 0 0 - 0 - 0 - 

Gull Lake Spring 2001 30 51 45 0.32 6 0.06 na - 

  2002 22 37 34 0.23 3 0.01 na - 

  2003 27 60 56 0.23 4 0.03 na2 - 
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Table 6-6: Lake sturgeon catches (n) and mean catch-per-unit-effort (CPUE) in the Nelson River from Clark Lake to Gull 

Rapids, by location, season, and life stage, 2001–2008 

Location Season Year # Sites # Fish 

Adult Sub-adult YOY 

n 
Mean 

CPUE1 
n 

Mean 

CPUE 
n 

Mean 

CPUE 

Gull Lake (Continued) Spring 2004 9 33 33 0.16 0 - na - 

  2006 8 30 7 0.08 23 0.14 na - 

  2008 5 13 6 0.04 7 0.04 na - 

  All Years 101 224 181 0.23 43 0.04 na - 

 Summer 2006 15 + 43 42 8 0.02 34 0.08 0 - 

 Fall 2002,03,08 10 + 14 129 5 - 109 0.21 15 0.08 

All Locations Spring 2001 57 79 73 0.34 6 0.03 na - 

  2002 39 67 64 0.21 3 0.01 na - 

  2003 62 95 90 0.14 5 0.01 na - 

  2004 24 56 56 0.11 0 - na - 

  2006 22 150 110 0.15 40 0.08 na - 

  2008 29 53 42 0.05 11 0.01 na - 

 Summer 2006 21 + 4 43 9 0.01 34 0.06 0 - 

 Fall 2002,03,08 10 + 15 129 5 - 109 0.20 15 0.08 

 Summer/Fall 1999-20094 - 24 4 - 20 - 0 - 

1. CPUE = # fish/24 h based on 45.7 m net. Adult CPUE calculated using only data from large mesh nets; sub-adult CPUE calculated using data from large and medium mesh; 
young-of-the-year (YOY) CPUE calculated using only data from medium mesh. 

2. na = not applicable. 
3. Large mesh gill nets + medium mesh gill nets. 
4. Lake sturgeon catches during environmental studies focusing on other species. 
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Table 6-7: Mean habitat-based catch-per-unit-effort (CPUE) of adult lake sturgeon in the Keeyask area during spring and 

summer/fall 

Habitat Characteristics1 

Clark Lake to Gull Rapids Gull Rapids 

Spring Summer/Fall Spring Summer 

# Sites Mean CPUE2 # Sites Mean CPUE # Sites Mean CPUE # Sites Mean CPUE 

General Habitat Type         

  Lacustrine 100 0.23 25 0.01 - - - - 

  Riverine 63 0.14 3 0 111 0.03 29 0 

  Rapids 70 0.17 3 0.01 23 0.04 - - 

Water Elevation         

  Shallow 49 0.20 4 0 37 0.04 4 0 

  Deep 184 0.19 27 0.01 97 0.03 25 0 

Water Velocity         

  Standing 10 0.04 - - 15 0.01 4 0 

  Low 213 0.20 30 0.01 85 0.02 22 0 

  Moderate 10 0.05 1 0 34 0.07 3 0 

Substrate Compaction         

  Soft 32 0.18 2 0 31 0.02 10 0 

  Hard 201 0.19 29 0.01 103 0.04 19 0 
1. Habitat descriptions are provided in tables 6B-2 and 6B-3. 
2. CPUE = # fish/24 h based on 45.7 m net. Adult CPUE calculated using only data from large mesh nets. 
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Table 6-8: Mean habitat-based catch-per-unit-effort (CPUE) of young-of-the-year 

lake sturgeon in the Keeyask area for all seasons combined 

Habitat Characteristics1 
Clark Lake to Gull Rapids Gull Rapids 

# Sites Mean CPUE2 # Sites Mean CPUE 

General Habitat Type     

  Lacustrine 18 0.07 - - 

  Riverine 1 0 38 0.03 

Water Elevation     

  Shallow - - 1 0 

  Deep 19 0.06 37 0.03 

Water Velocity     

  Standing - - 2 0 

  Low 13 0.09 25 0.03 

  Moderate 6 0 11 0.04 

Substrate Compaction     

  Soft 5 0.23 1 0 

  Hard 14 0 37 0.03 
1. Habitat descriptions are provided in tables 6B-2 and 6B-3. 
2. CPUE = # fish/24 h based on 45.7 m  net. YOY CPUE calculated using data from medium mesh nets. 
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Table 6-9: Diet items of sub-adult and young-of-the-year (YOY) lake sturgeon 

captured in Gull Lake and downstream of Gull Rapids during fall 2008 

Diet Item1 

Gull Lake Gull Rapids 

Sub-adult  
(n = 5) 

YOY  
(n = 5) Sub-adult 

(n = 1) 

YOY 

(n = 1) 
n2 % FO3 n % FO 

Crustacea       

   Amphipoda (adult)   1 20   

   Decapoda (adult) 1 20     

Bivalvia (adult) 1 20     

Insecta       

   Diptera (Flies)       

     Chironomidae (non-biting midge)       

         Chironominae 1 20 3 60  1 

         Orthocladiinae 1 20     

         Tanypodinae   1 20   

     Ephemeroptera (may fly)       

          Ephemeridae 2 40 1 20   

          Heptageniidae 4 80 5 100 1 1 

          Baetidae   2 40  1 

          Ephemeroptera (unid.) 1 20 2 40  1 

     Trichoptera (caddis fly)       

         Hydropsychidae 5 100 4 80 1 1 

         Trichoptera (unid.)   2 40  1 

     Plecoptera (stone fly)       

         Perlodidae 2 40     

         Plecoptera (unid.) 2 40 2 40  1 

Insecta (unid.)   1 20   

   Diptera (unid.) (pupa) 1 20     

Nemata (roundworm) (adult)   1 20   

Fish       

   Cyprinidae (shiner) 1 20     

   Fish remains     1  
1. Life stage of diet items is larval unless indicated otherwise. 
2. n = number of fish. 
3. % FO = % frequency of occurrence (percentage of stomachs in which diet item occurred). 
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Table 6-10: Mean habitat-based catch-per-unit-effort (CPUE) of sub-adult lake 

sturgeon in the Keeyask area for all seasons combined 

Habitat Characteristics1 
Clark Lake to Gull Rapids Gull Rapids 

# Sites Mean CPUE2 # Sites Mean CPUE 

General Habitat Type     

   Lacustrine 143 0.07 - - 

   Riverine 67 0.01 178 0.07 

   Rapids 73 <0.01 23 0 

Water Elevation     

   Shallow 53 0.01 42 0 

   Deep 230 0.05 159 0.08 

Water Velocity     

   Standing 10 0.01 21 0 

   Low 256 0.04 132 0.04 

   Moderate 17 0.04 48 0.15 

Substrate Compaction     

   Soft 39 0.07 47 0 

   Hard 244 0.03 159 0.08 

1. Habitat descriptions are provided in tables 6B-2 and 6B-3. 
2. CPUE = # fish/24 h based on 45.7 m net. Sub-adult CPUE calculated using data from large mesh and medium mesh nets. 
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Table 6-11: Lake sturgeon catches (n) and catch-per-unit-effort (CPUE) within and 

downstream of Gull Rapids, by location, season, and life stage, 2001-2009 

Location Season Year # Sites # Fish 

Adult Sub-adult YOY 

n 
Mean 

CPUE1 
n 

Mean 

CPUE 
n 

Mean 

CPUE 

Gull Rapids Spring 2003 9 10 10 0.11 0 - na2 - 

  2004 14 1 1 < 0.01 0 - na - 

  All Years 23 11 11 0.04 - - na - 

Downstream  Spring 2001 19 24 22 0.06 2 < 0.01 na - 

Gull Rapids  2002 15 4 4 0.02 0 - na - 

  2003 20 17 15 0.03 2 0.01 na - 

  2004 8 5 5 0.01 0 - na - 

  2005 24 6 4 0.02 2 < 0.01 na - 

  2006 25 14 14 0.04 0 - na - 

  All Years 111 70 64 0.03 6 < 0.01 na - 

 Summer 2006 29 + 103 1 0 - 1 0.01 0 - 

 Fall 2008 0 + 12 8 - - 7 0.25 1 0.05 

  2009 0 + 16 23 - - 22 0.53 1 0.03 

  All Years 28 32 - - 29 0.41 2 0.04 

Locations  Spring 2001 19 24 22 0.06 2 < 0.01 na - 

Combined  2002 15 4 4 0.02 0 - na - 

  2003 29 27 25 0.05 2 < 0.01 na - 

  2004 22 6 6 0.01 0 - na - 

  2005 24 6 4 0.02 2 < 0.01 na - 

  2006 25 14 14 0.04 0 - na - 

 Summer 2006 29 + 10 1 0 - 1 0.01 0 - 

 Fall 2008 0 + 12 8 - - 7 0.25 1 0.05 

  2009 0 + 12 23 - - 22 0.53 1 0.03 

 Summer/Fall 
2001-
20034 

- 5 3 - 2 - 0 - 

1. CPUE = # fish/24 h based on 45.7 m net. Adult CPUE calculated using only data from large mesh nets; sub-adult CPUE 
calculated using data from large and medium mesh; young-of-the-year (YOY) CPUE calculated using only data from medium 
mesh. 

2. na = not applicable. 
3. Large mesh gill nets + medium mesh gill nets. 
4. Lake sturgeon catches during environmental studies focusing on other species. 
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Table 6-12: Lake sturgeon catches (n) and catch-per-unit-effort (CPUE) in the 

Stephens Lake area, by season and life stage, 2001–2010 

Season Year # Sites # Fish 

Adult Sub-adult YOY 

n 
Mean 
CPUE1 

n 
Mean 
CPUE 

n 
Mean 
CPUE 

Spring 2003 9 7 4 0.02 3 0.02 na2 - 

 2005 48 2 2 < 0.01 - - na - 

 2006 47 2 2 < 0.01 - - na - 

 All Years 104 11 8 < 0.01 3 < 0.01 na - 

Summer 2006 30 + 53 2 2 0.01 - - 0 - 

Fall 2009 0 + 6 0 - - - - - - 

 2010 0 + 10 32 na na 32 0.55 0 - 
1. CPUE = # fish/24 h based on 45.7 m net. Adult CPUE calculated using only data from large mesh nets; sub-adult CPUE 

calculated using data from large and medium mesh; young-of-the-year (YOY) CPUE calculated using only data from 
medium mesh. 

2. na = not applicable. 
3. Large mesh gill nets + medium mesh gill nets. 

 

 

Table 6-13: Mean habitat-based catch-per-unit-effort (CPUE) of young-of-the-year 

(YOY), sub-adult, and adult lake sturgeon in the Stephens Lake area for all 

seasons combined 

Habitat 

Characteristics1 

YOY Sub-adult Adult 

# Sites Mean CPUE2 # Sites Mean CPUE # Sites Mean CPUE 

General Habitat Type       

   Lacustrine 21 0 155 0.04 134 0.01 

   Riverine - - - - - - 

   Rapids - - - - - - 

Water Elevation       

   Shallow - 0 35 0 35 <0.01 

   Deep 21 0 120 0.05 99 0.01 

Water Velocity       

   Standing 4 0 48 0 44 0 

   Low 17 0 107 0.05 90 0.01 

   Moderate - - - - - - 

Substrate Compaction       

   Soft 17 0 124 0.04 107 <0.01 

   Hard 4 0 31 0.02 27 0.02 
1. Habitat descriptions are provided in tables 6B-2 and 6B-3. 
2. CPUE = # fish/24 h based on 45.7 m net. Sub-adult CPUE calculated using data from large mesh and medium mesh nets. 

Adult CPUE calculated using data from large mesh nets only. 
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Table 6-14: Size and condition of lake sturgeon from the study area and other Manitoba water bodies during summer and fall 

Location Date Life Stage6 
Fork Length (mm) Weight (g) Condition Factor 

n7 Mean Std8 Min Max n Mean Std Min Max n Mean Std Min Max 

Winnipeg River1 July-Nov 2006-2008 Sub-adult + 895 573 154 245 1283 878 1869 2020 100 20412 878 0.82 0.09 0.51 1.14 

Conawapa Area2 July 2006 Sub-adult + 81 991 193 547 1352 81 8067 4959 454 24945 81 0.71 0.12 0.28 1.08 

 Aug 2006 Sub-adult + 65 904 196 300 1287 65 6218 3884 227 17237 65 0.71 0.12 0.35 1.10 

 Sept 2005 Sub-adult + 84 1012 199 261 1322 83 8762 4315 75 18824 83 0.75 0.09 0.42 0.98 

Fox River July 2004 Sub-adult + 134 1036 205 310 1460 132 10555 5408 227 24955 131 0.84 0.11 0.56 1.22 

Churchill River3 late June-early July 2003 Sub-adult + 299 1086 145 441 1401 258 11100 4200 5700 24700 258 0.83 0.11 0.45 1.45 

Study Area4                  

   Nelson River downstream of Kelsey GS Aug-Sept 2006 Sub-adult 5 782 22 750 810 5 4699 680 3629 5443 5 0.98 0.09 0.86 1.10 

  Adult 8 935 86 840 1044 8 7286 2706 4082 10886 8 0.86 0.15 0.62 1.08 

   Split Lake Aug-Sept 2006 Sub-adult 6 573 138 353 785 5 2041 907 1361 3629 5 0.84 0.08 0.75 0.94 

  Adult 3 967 107 845 1045 3 8165 3175 4990 11340 3 0.87 0.11 0.79 0.99 

   Nelson River (CL-GR)5 Aug-Oct 2002-2008 Sub-adult 142 604 143 244 832 85 1868 1141 110 5216 85 0.74 0.09 0.54 1.08 

 Aug-Sept 2006 Adult 14 1041 163 840 1300 8 10512 5888 5443 19731 8 0.84 0.09 0.64 0.96 

   Gull Rapids Aug-Sept 2006-2008 Sub-adult 8 592 107 428 738 7 1957 848 575 3100 7 0.78 0.09 0.63 0.90 

   Stephens Lake Aug-Sept 2006 Adult 2 1205 120 1120 1290 2 18144 6415 13608 22680 2 1.01 0.09 0.97 1.06 
1. Data collected during gillnetting studies conducted by North/South Consultants Inc. between Lamprey Rapids and the area immediately below Slave GS for the Pointe du Bois Modernization Project. 
2. After Ambrose et al. (2008). 
3. Churchill River at its confluence with Little Churchill River. After Maclean and Nelson (2005). 
4. Values for fish captured during summer and fall studies. 
5. Clark Lake to Gull Rapids. 
6. 'Sub-adult +' refers to all fish over 200 mm fork length. For the study area, sub-adults were classified as those between 200 and 833 mm long and adults were classified as 834 mm or longer. 
7. n = number of fish measured. 
8. Std = standard deviation. 

 

  



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON  6-71 

Table 6-15: Tagging and recapture locations of lake sturgeon marked with Floy®-tags during gillnetting studies conducted in the study area, 1995 and 1999–2008 

   Number Recaptured/Location2   

   Split Lake Area 
Nelson River from  

Clark Lake to Gull Rapids 
Stephens Lake 

Area 
Outside Study 

Area 
  

Tagging Area Location Code 
Number 

Tagged1 
1 2 3 4 5 Total3 6 7 8 Total3 9  

Total Number 

Recaptured4 

Recapture Rate 

(%) 

Split Lake area                 

   Burntwood River 1 120 40 2 1 4 - 45 - - - 0 - - 45 37.5 

   Odei River 2 21 1 2 - - - 3 - - - 0 - - 3 14.3 

   Kelsey GS 3 83 1 1 16 1 1 18 1 - - 1 - - 19 22.9 

   Split/Clark lakes 4 42 4 1 1 1 - 7 - - - 0 - - 7 16.7 

   Grass River 5 14 - - 2 1 - 3 - - - 0 - - 3 21.4 

Total Split Lake area  280      76    1 0 0 77 27.5 

                 

Keeyask area                 

   Nelson River between Clark Lake and Gull Rapids                

       Clark Lake — Birthday Rapids 6 4 - - - - - 0 1 - - 1 - - 1 25.0 

       Birthday Rapids — Gull Rapids                 

   Keeyask Environmental Studies 7 511 - - 3 4 - 6 1 143 2 145 - - 149 29.2 

   Manitoba Fisheries Branch 7 62 - - - 1 - 1 - 15 - 15 - - 16 25.8 

       Gull Rapids 8 66 -  - - - 0 1 4 23 26 3 0 27 40.9 

   Total Clark Lake - Gull Rapids  643      7    187 3 0 193 30.0 

   Total Stephens Lake Area 9 10 -  - - - 0 - - 2 2 0 0 2 20.0 

   Total Keeyask Environmental Studies  871      82    175 3 0 256 29.4 

Overall Total  933      83    190 4 0 272 29.2 
1. Sixty-two sturgeon were tagged by the Manitoba Fisheries Branch in Gull Lake in 1995; the remainder were tagged throughout the study area between 1999 and 2008. 
2. Does not include multiples recaptures of individual fish at the same location. 
3. Does not include fish recaptured multiple times within the area at any time. 
4. Does not include fish recaptured multiple times anywhere in the study area at any time. 
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Table 6-16: Summary of movements of lake sturgeon tagged with acoustic or radio transmitters in the study area, 2001–

2004 

    Movements 

 Number Tagged1  Remained Within2 Moved Over GR3  Moved Over BR4   

Year BR – GR5 Below GR 
Number 
Detected 

BR-GR Below GR US DS 
Detected 
Within GR 

US DS 
Entered 

STL 
Left 
STL 

2001 21 10 29 19 4 0 1a 0 5c,d 3c 5 - 

2002 20 11 27 16 0 3a,b 0 1 1e 2d,e 7 4 

2003 19 10 25 17 1 0 1b 2 3c,f,g 3c,d,f 1 1 

2004 17 10 21 16 3 0 0 0 0 1g 1 - 

1. Seven transmitters were returned by local resource users over the course of the study. The tag returned from a sturgeon tagged between Birthday and Gull rapids in summer 
2001 was re-applied to a fish captured below Gull Rapids during fall 2001. One tag originally applied between Clark Lake and Gull rapids was recovered by a local resource 
user during the 2004 study so it does not appear in the table. 

2. Fish considered to have remained with their tagging area had to have been relocated within that area in both the preceding and "current" year. 
3. Superscripts indicate whether these movements were made by same or different fish (a = acoustic tag 36; b = radio tag 149.620 code 1 and acoustic tag 34). 
4. Superscripts indicate whether these movements were made by same or different fish (c = acoustic tag numbers 39, 43, and 45; d = acoustic tag 48 and radio tag 149.720 

code 4; e = acoustic tag 41; f = acoustic tag 40; g = acoustic tag 49). 
5. Abbreviations as follows: 
 BR-Birthday Rapids;  GR-Gull Rapids;  STL-Stephens Lake;  DS-downstream; US-upstream. 
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Table 6-17: Residual effects on lake sturgeon: construction period 

Environmental Effect Mitigation Residual Effect 

Upstream of the Outlet of Clark Lake  

 
Emigration of lake sturgeon from the Keeyask reach immediately 

post-impoundment could increase the population in Split Lake. 

 

None required. 

A medium-term, small 

increase in the lake sturgeon 
population may occur within 

an area of medium extent 

(Split Lake).  

Below Clark Lake to GS 

 

Sturgeon may emigrate from the Keeyask reach during 
construction during Stage I and Stage II river management.  

 

Lake sturgeon stocking in the reservoir 

to compensate in part for loss of adult 

and sub-adult fish that move to other 
areas.  

 

A medium-term, moderate 

change in the lake sturgeon 

population may occur within 
an area of medium extent 

(Keeyask reservoir).  

Downstream of GS/Stephens Lake   

Loss of spawning habitat at Gull Rapids. 

Stocking in Stephens Lake will 

commence during construction to offset 
construction period effects. Spawning 

habitat will be constructed post-

construction (Table 6-18)  
Short-term, small to 
moderate effects within a 

medium geographic area 
may be expected. However, 

replacement of natural 
recruitment with stocked fish 

will result in no apparent 

residual effects.  

Construction activities and construction of cofferdams/GS 

structures will disturb spawning activity  

To the extent possible, avoid in-water 

work during spawning periods 

The dewatering of areas inside of cofferdams has the potential to 
strand fish. 

Fish salvage operations to capture and 
release fish prior to dewatering 

Potential sediment deposition at YOY and juvenile rearing habitat 
No effect to habitat expected but will be 

confirmed by monitoring. 

Changes in water quality from a variety of construction activities 

has the potential to adversely affect fish health. 

Measures to reduce effects on water 

quality 

Blasting activities have the potential to cause sensory disturbance, 
injury, and mortality to fish 

Application of guidelines for blasting in 
or near water. 

Fish can become impinged/entrained by water intake pipes. 
Application of guidelines for end-of-pipe 

screening 
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Table 6-18: Residual effects on lake sturgeon: operation period 

Environmental Effect Mitigation Residual Effect 

Upstream of the Outlet of Clark Lake  

 
Lake sturgeon abundance may increase slightly due to potential increase 

in emigration from the new reservoir. 

 

 
None required. 

See “Below Kelsey GS to Kettle GS” 

section below. 
 

 

 

 
Small, medium-term, 

local increase in the 

lake sturgeon 
population may occur 

within an area of 
medium extent (Split 

Lake).  

 

Below Clark Lake to GS 

 
  

Decrease in amount and suitability of spawning habitat at and below 

Birthday Rapids, though some portions of the rapids may remain suitable 

and Long Rapids will not be affected 

Monitoring of spawning activity/success 

at and below Birthday Rapids. Create 

suitable habitat if required. Shifts in areas of 
spawning, foraging, 

and YOY habitat use. 

Reduced number of 
fish entering 

Stephens Lake from 
upstream. 

No long-term decline 

in lake sturgeon 
abundance in the 

Keeyask reservoir or 
Stephens Lake. 

 

YOY rearing habitat may no longer be accessible to larval lake sturgeon 
due to changes in flow regime in the reservoir. 

Monitoring to determine YOY habitat 

presence and use. Create rearing 

habitat if required. 
Stocking of fall fingerlings and 

yearlings to offset potential effects of 
reduced YOY habitat availability. 

Decline in lake sturgeon abundance as a result of up and downstream 

emigration. 

Stocking to offset potential effects of 

emigration. 
Implement upstream fish passage 

(trap/catch and transport) to offset 
potential downstream losses. 

Reduced rate of increase and potential decrease in abundance of lake 

sturgeon population resulting from increase in domestic harvest. 

Development and promotion of a lake 

sturgeon conservation awareness 
program 
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Table 6-18: Residual effects on lake sturgeon: operation period 

Environmental Effect Mitigation Residual Effect 

Downstream of GS/Stephens Lake 

 
Decrease in lake sturgeon reproduction in Stephens Lake resulting from 

destruction of spawning habitat at Gull Rapids 

 

 

 
Construct spawning habitat below and 

in proximity to the tailrace. 

During years when lake sturgeon may 
be attracted to spillway flow for 

spawning, maintain spillway discharge 
to permit egg hatch and survival of 

pre-emergent larvae. 

Over the long-term 
there will be a 

reduced number of 
lake sturgeon 

entering Stephens 

Lake from upstream 
and there will be a 

shift in the location of 
spawning habitat. 

YOY rearing habitat 
may shift with time. 

 

Overall, expect that 
population will 

maintained. Long-
term moderate to 

large increase in lake 

sturgeon abundance 
in an area of medium 

extent (Stephens 
Lake) may occur as a 

result of stocking and 
lake sturgeon 

conservation and 

stewardship 
initiatives. 

 

Decrease in potential lake sturgeon recruitment resulting from reduction 
or loss of larval lake sturgeon drift from upstream. Potential changes in 

rearing habitat. 
 

Monitoring to confirm that YOY rearing 
habitat is not changing. 

 
Stocking of fall fingerling and yearling 

lake sturgeon to mitigate potential 

effects of loss of spawning habitat prior 
to creation of new spawning habitat 

and reduction or loss of downstream 
drift of larval lake sturgeon from 

upstream areas. 

Potential effects resulting from loss of access to upstream habitats Provide upstream passage (trap/catch 
and transport) targeting downstream 

migrants. 

Decline in lake sturgeon abundance resulting from mortality/injury caused 
by fish moving downstream over the spillway or past the turbines. 

Features will be incorporated into the 
design of the spillway and turbines to 

reduce risk of injury and mortality. 

Potential stranding of lake sturgeon following spillway use. Construct connecting channels to allow 
fish escapement to Stephens Lake. 

Potential decrease in abundance of lake sturgeon population resulting 

from increase in domestic harvest due to improved access. 

Development and promotion of a lake 

sturgeon conservation awareness 
program 
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Table 6-18: Residual effects on lake sturgeon: operation period 

Environmental Effect Mitigation Residual Effect 

Below Kelsey GS to Kettle GS region 

 
 

In addition to the various mitigation 

measures described above, including 
targeted stocking plans to address 

specific project impacts, a 

comprehensive stocking strategy will 
be implemented (Appendix 1A) to 

increase and maintain lake sturgeon 
populations in Split Lake, the Keeyask 

reservoir and Stephens Lake. 

Overall, expect a 

long-term moderate 
to large increase in 

the lake sturgeon 

abundance over an 
area of large extent 

(Kelsey to Kettle 
reach). 
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Note: Numbers indicate the number of fish captured 
at individual sites where more than one capture occurred, 
or the total number of fish captured at a cluster of sites. 

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D
D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

DD

D

D

D

D

D

D

D

D

D

D

D

DD

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

DD

D

D
D

D

D

D

D

D

D

DD

1

4

0 100 200Metres

Note: Shows 95th percentile inflow.

Map 6-18



D

D

D

D

D

D

D

D

D

D

D

DD

D

D

D

D

D

D

D
D

D

D

DD

D

D

D

D

DD

D

D

D

D
D

DD

D

D

D

D

D

D

D
D

D

D

D

D

DD
D

D

D

D

D D

D

D

DD

D

D

D

D

D

D

D

D

D

D
D

D

D

D

D
D

D

D

D

D

D
D

D

D

D
D

D

D

D D

D
D

D
D

D

D

D

D

D

D

D

DD

D

D

D
D

D

D

D

D

D

D

D D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D
D

D D

D

D

D

D

D

D

D

DD
D

D

D

D

D

D DD

D

D
D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

DD

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

DD

D

D

D

D

D

D

DD

D

D

D

D

D

D D

D

D DD

D

D

DD

D

D

D

D

D

D

D

DDDD

DD

D D

D

D

D

D

D

D

D

D

D
D

DD

D

D
D

D

DD

D

D

DD

DD

DD

DD
DD

DD

D
D

D
D

DD

D

D

D

D

D

D

DDD

D

D

D

D

D

DD
D

D

D
D

D

D D

D

D

D

D

D

D

D

D

D

D

DD

D

D
DD

D

D

D

D

D

D

D

D

D

D

D D
D

D

D

D
D

D
D

D

DD D
DDD

D

D
D

D

D

DD
D

D

D
D

D

DDD

D

D D D D

D
D

D

D

D
D

D
D

D

D
D

D
DD

D

D

D
D

DD

D

D

D

D

D

D

D

D

D
D

D

D

D
D

D
D

D

D

D

DD

DD
D

D

D

D

D
D

D

D

D

DD

D
D

D

D

D

D

D

D
DD

D

D

D

DD

D

D

D

D
D

DDD

D

D
D

D

D

D

D
D D

D
D

D D

D

D
DD

D

D D

D

D

D

D

D

D

D

D

D

D

D
D

D

D

D

D

D

D

D

D

D

D

D

DD

D
D

D

D

DD
D
D

D
D

DDD

D

D

D

Nap Creek

GULL  LAKE

Fork Creek

NELSON  RIVER

Hidden Creek

Effie Creek

Trickle Creek
Two Goose Creek

Birthday 
     Rapids

Caribou
Island

Long
Rapids

Clark
Lake

Portage Creek

Rabbit Creek

3

2
2

7

1

2

1

3

1

2

37

5

8

3

4

2
2

4
81

6

2

21

13

¾ÀPR 280

±

0 2 41 3 Miles

0 4 82 6 Kilometres

Legend
Sub-Adult Lake Sturgeon Captures
Lake Sturgeon Gillnet Sites 

D Index or Tagging Gillnet Sites
Keeyask Area Boundary

Velocity (metres/second)
Standing (0 - 0.2)
Low (0.2 - 0.5)
Moderate (0.5 - 1.5)
High (> 1.5)

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000, 
Nelson River Shoreline modelled by Manitoba Hydro

Sub-Adult Lake Sturgeon Captures
Water Velocity

 Keeyask Area - Upstream of Gull Rapids

Fil
e L

oc
at

ion
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

SA
_L

KS
T_

Ca
ptu

re
sW

ate
rV

elo
cit

y_
KA

_U
SG

R_
20

12
05

28
.m

xd

Note: Numbers indicate the number of fish captured 
at individual sites where more than one capture occurred, 
or the total number of fish captured at a cluster of sites. 
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Note: Numbers indicate the number of fish captured 
at individual sites where more than one capture occurred, 
or the total number of fish captured at a cluster of sites. 
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Note: Shows 95th percentile inflow.
Note: Numbers indicate the number of fish captured 
at individual sites where more than one capture occurred, 
or the total number of fish captured at a cluster of sites. 
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Map 6-36



Map 6-37



ÚÕ

Callan 
Island

Stratford 
Island

Kaiser Island

Wood Point

Br own Point

O'Neil Bay

Ferris
BaySTEPHENS                                 LAKE Kettle 

G.S.

Wilson 
                 Channel

Butnau

Gull 
Rapids

Looking             Back                Creek

GULL  
 LA

KE

¾ÀPR 280

B Size Landscape BTBCreated By: North South Consultants G:\EIS\Keeyask\2_habitat\Intensive_Reach\EE\Genrtd_Data\Maps\20090213_EE_Keeyask_Nearshore_Offshore_ld.mxd
SCI:

0 2.5 51.25 3.75 Miles

0 5 102.5 7.5 Kilometres

0 250 500
Metres

Cabin Isand

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000, 
Stephens Lake Shoreline-Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Lake Sturgeon Captures and Fall/Winter 
Telemetry Tag Relocations

 Stephens Lake Area

Fi
le

 L
o

ca
tio

n
: G

:\E
IS

\K
ee

ya
sk

\P
u

bl
is

h
_M

X
D

s\
S

U
P

P
O

R
T

IN
G

_
V

O
LU

M
E

\R
E

V
IS

E
D

_
S

til
lO

ld
Te

m
p

la
te

\L
K

S
T

\A
E

S
V

_6
_L

K
S

T
_C

ap
tu

re
sA

nd
Te

le
m

et
ry

Ta
g

R
el

o
ca

tio
n

sF
al

lW
in

te
r_

S
T

L
A

_
20

12
0

50
4.

m
xd

±

 Legend

Telemetry Relocations

Captures

No Catch

Map 6-38



2

2

2

2 24

±

0 0.25 0.5 Miles

0 0.5 1 1.5 Kilometres

Legend

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro.

Sub-Adult Lake Sturgeon Captures
Lake Sturgeon Gillnet Sites
Keeyask Area Boundary

Sub-Adult Lake Sturgeon Captures
 Reach 12

Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

SA
_L

KS
T_

Ca
ptu

re
s_

Re
ac

h1
2_

20
12

05
29

.m
xd

STEPHENS 
LAKE

Cabin Island

Note: Numbers indicate the number of fish captured 
at individual sites where more than one capture occurred, 
or the total number of fish captured at a cluster of sites. 

Map 6-39



2

2

2

2 24

±

0 0.25 0.5 Miles

0 0.5 1 1.5 Kilometres

Legend

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro.

Sub-Adult Lake Sturgeon Captures
Lake Sturgeon Gillnet Sites
Keeyask Area Boundary
Backwater Inlet
Deep
Shallow

Sub-Adult Lake Sturgeon Captures
Water Depth

 Reach 12

Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

SA
_L

KS
T_

Ca
ptu

re
sW

ate
rD

ep
th

_R
ea

ch
12

_2
01

20
52

9.m
xd

STEPHENS 
LAKE

Cabin Island

Note: Numbers indicate the number of fish captured 
at individual sites where more than one capture occurred, 
or the total number of fish captured at a cluster of sites. 

Map 6-40



2

2

2

2 24

±

0 0.25 0.5 Miles

0 0.5 1 1.5 Kilometres

Legend

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro.

Sub-Adult Lake Sturgeon Captures
Lake Sturgeon Gillnet Sites
Keeyask Area Boundary

Velocity (metres/second)
Standing (0 - 0.2)
Low (0.2 - 0.5)
Moderate (0.5 - 1.5)
High (> 1.5)

Sub-Adult Lake Sturgeon Captures
Water Velocity

 Reach 12

Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

SA
_L

KS
T_

Ca
ptu

re
sW

ate
rV

elo
cit

y_
Re

ac
h1

2_
20

12
05

29
.m

xd

STEPHENS 
LAKE

Cabin Island

Note: Numbers indicate the number of fish captured 
at individual sites where more than one capture occurred, 
or the total number of fish captured at a cluster of sites. 

Map 6-41



Map 6-42



ÚÕ

ÚÕ

Odei   River
Burntwood   River

NE
LSO

N 
 RI

VE
R

Kelsey G.S.
Grass             River

 SPLIT     LAKE

SPLIT 
               LAKE

Clark 
Lake

Birthday 
Rapids

Gull Rapids

GULL   LA
KE

NELSON  RIVER

Aiken          River
Moose  Nose

Lake

Long 
Rapids

Assean    La
ke

Assean River

STEPHENS             LAKE
Kettle G.S.

Ferris 
Bay

North           
    Moswakot        River

South           M
oswakot                River

¾ÀPR 280

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000

0 10 20 30 Kilometres

0 5 10 15 Miles

   Legend

±
1

!(

!(

!(

Thompson

Churchill
Hudson Bay

90°W

90°W

95°W

95°W

100°W

100°W
60°N

55°N
55°N

Lake Sturgeon Floy-tag Movements 
1995 and 1999-2008

Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

LK
ST

_F
low

Ta
gM

ov
em

en
ts_

20
12

05
04

.m
xd

Note: The colour of each re-captured fish symbol indicates the area where the fish was originally tagged. 
          For Example, a blue re-captured fish symbol indicates a fish tagged in Stephens Lake.

6

5

23

3

66

2
577

161

7

10

2

280

1

76

Tagged Fish

Recaptured Fish

Split Lake Area

Clark Lake to Gull Rapids
Gull Rapids

Stephens Lake Area

Keeyask 
Area

Map 6-43



Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

LK
ST

_S
pa

wn
ing

_H
ab

ita
tA

t5t
hP

er
ce

nti
leI

nfl
ow

_E
Ev

sP
P_

20
12

05
29

.m
xd

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

¾ÀPR 280

65

7

8
12

11

4

3

9B

9B

2B
2A

9A

Pond 
13

Carscadden
Lake

Nap  Creek
Clark
Lake

Hidden 
Creek

O'Neil Bay

Caribou
 Island

Long
Rapids

Two Goose  Creek

 Birthday 
      Rapids

STEPHENS
LAKE

Looking Back Creek

Portage  Creek

Trickle  Creek

Fork Creek NELSON  RIVER

UVPR 280

6

8

7

5

12

4

9A

11

3

2A
2B

9B0 2 4 6 8 Kilometres

0 2 4 Miles

Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Existing Environment

        Post-Project        

GULL  LAKE2A

2B

9A 9B

4

3

2A
2B

9A

9B

Powerhouse

Long Rapids
Birthday Rapids

Gull
Rapids

Long Rapids

0 0.5 1
Kilometres

0 0.5 1
Kilometres

0 0.5 1
Kilometres

0 250 500
Metres

Lake Sturgeon Spawning Habitat 
at 5th Percentile Inflow

 Five Variable Habitat Suitability 
Index Model

Note: Existing Environment frame shows 5thpercentile inflow and 
Stephens Lake level of 141.1m. Post-Project frame shows Year 30 
shoreline, reservoir at 159 metres and 5thpercentile inflow with 4 
unit full gate plant operation with spill and Stephens Lake level of 
141.1m. Mitigation measures are not shown. 
Extents of dewatered area are estimated based on the existing 
environment 95th percentile flow.

Legend
Habitat Suitability Index

0.00
0.01 - 0.25
0.25 - 0.50
0.50 - 0.75
0.75 - 1.00

Potential Dewatered Area
Intermittently Exposed Zone

Keeyask Principal Structures
Hydraulic Feature

±

±

Map 6-44



Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

LK
ST

_S
pa

wn
ing

_H
ab

ita
tA

t50
thP

erc
en

tile
Inf

low
_E

Ev
sP

P_
20

12
05

29
_.m

xd

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

¾ÀPR 280

65

7

8
12

11

4

3

9B

9B

2B
2A

9A

Pond 
13

Carscadden
Lake

Nap  Creek
Clark
Lake

Hidden 
Creek

O'Neil Bay

Caribou
 Island

Long
Rapids

Two Goose  Creek

 Birthday 
      Rapids

STEPHENS
LAKE

Looking Back Creek

Portage  Creek

Trickle  Creek

Fork Creek NELSON  RIVER

UVPR 280

6

8

7

5

12

4

9A

11

3

2A
2B

9B0 2 4 6 8 Kilometres

0 2 4 Miles

Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Existing Environment

        Post-Project        

GULL  LAKE2A

2B

9A 9B

4

3

2A
2B

9A

9B

Powerhouse

Long Rapids
Birthday Rapids

Gull
Rapids

Long Rapids

0 0.5 1
Kilometres

0 0.5 1
Kilometres

0 0.5 1
Kilometres

0 250 500
Metres

Lake Sturgeon Spawning Habitat 
at 50th Percentile Inflow

 Five Variable Habitat Suitability 
Index Model

Legend
Habitat Suitability Index

0.00
0.01 - 0.25
0.25 - 0.50
0.50 - 0.75
0.75 - 1.00

Potential Dewatered Area
Intermittently Exposed Zone

Keeyask Principal Structures
Hydraulic Feature

Note: Existing Environment frame shows 50thpercentile inflow and 
Stephens Lake level of 141.1m. Post-Project frame shows Year 30 
shoreline, reservoir at 159 metres and 50thpercentile inflow with 6 
unit full gate plant operation with spill and Stephens Lake level of 
141.1m. Mitigation measures are not shown. 
Extents of dewatered area are estimated based on the existing 
environment 95th percentile flow.

±

±

Map 6-45



Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

LK
ST

_S
pa

wn
ing

_H
ab

ita
tA

t95
thP

erc
en

tile
Inf

low
_E

Ev
sP

P_
20

12
05

08
.m

xd

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

¾ÀPR 280

65

7

8
12

11

4

3

9B

9B

2B
2A

9A

Pond 
13

Carscadden
Lake

Nap  Creek
Clark
Lake

Hidden 
Creek

O'Neil Bay

Caribou
 Island

Long
Rapids

Two Goose  Creek

 Birthday 
      Rapids

STEPHENS
LAKE

Looking Back Creek

Portage  Creek

Trickle  Creek

Fork Creek NELSON  RIVER

UVPR 280

6

8

7

5

12

4

9A

11

3

2A
2B

Lake Sturgeon Spawning 
Habitat at 95th Percentile Inflow

 Five Variable Habitat Suitability 
Index Model

0 2 4 6 8 Kilometres

0 2 4 Miles

Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Existing Environment

        Post-Project        
Note: Existing Environment frame shows 95thpercentile inflow and 
Stephens Lake level of 141.1m. Post-Project frame shows Year 30 
shoreline, reservoir at 159 metres and 95thpercentile inflow with 7 
unit full gate plant operation with spill and Stephens Lake level of 
141.1m. Mitigation measures are not shown. 
Extents of dewatered area are estimated based on the existing 
environment 95th percentile flow.

GULL  LAKE2A

2B

9A 9B

4

3

2A
2B

9A

9B

Powerhouse

Long Rapids
Birthday Rapids

Gull
Rapids

Long Rapids

0 0.5 1
Kilometres

0 0.5 1
Kilometres

0 0.5 1
Kilometres

0 250 500
Metres

Legend
Habitat Suitability Index

0.00
0.01 - 0.25
0.25 - 0.50
0.50 - 0.75
0.75 - 1.00

Potential Dewatered Area
Keeyask Principal Structures
Hydraulic Feature

±

±

Map 6-46



Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

YO
Y_

LK
ST

_H
ab

ita
tA

t5
thP

er
ce

nti
leI

nfl
ow

_E
Ev

sP
P_

20
12

05
29

.m
xd

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

6

5
7

8

12

11

4

3

9B

9B

2B
2A

9A

Pond 
13

Carscadden
Lake

Nap  Creek
Clark
Lake

Hidden 
Creek

O'Neil Bay

Caribou
 Island

Long
Rapids

Two Goose  Creek

 Birthday 
      Rapids

STEPHENS
LAKE

Looking Back Creek

Portage  Creek

Trickle  Creek

Fork Creek NELSON  RIVER

UVPR 280

6

8

7
5

12

4

9A

11

3

2A
2B

9B

Young-of-the-Year Lake Sturgeon
Habitat at 5th Percentile Inflow

 Habitat Suitability Index Model

0 2 4 6 8 Kilometres

0 2 4 Miles

Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Existing Environment

        Post-Project        
Note: Existing Environment frame shows 5thpercentile inflow and 
Stephens Lake level of 141.1m. Post-Project frame shows Year 30 
shoreline, reservoir at 159 metres and 5thpercentile inflow with 4 
unit full gate plant operation with spill and Stephens Lake level of 
141.1m. Mitigation measures are not shown. 
Extents of dewatered area are estimated based on the existing 
environment 95th percentile flow.

GULL  LAKE

Legend
Habitat Suitability Index

0.00
0.01 - 0.25
0.25 - 0.50
0.50 - 0.75
0.75 - 1.00

Potential Dewatered Area
Intermittently Exposed Zone

Keeyask Principal Structures

±

±

Map 6-47



Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

YO
Y_

LK
ST

_H
ab

ita
tA

t5
0th

Pe
rce

nti
leI

nfl
ow

_E
Ev

sP
P_

20
12

05
29

.m
xd

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

6

5
7

8

12

11

4

3

9B

9B

2B
2A

9A

Pond 
13

Carscadden
Lake

Nap  Creek
Clark
Lake

Hidden 
Creek

O'Neil Bay

Caribou
 Island

Long
Rapids

Two Goose  Creek

 Birthday 
      Rapids

STEPHENS
LAKE

Looking Back Creek

Portage  Creek

Trickle  Creek

Fork Creek NELSON  RIVER

UVPR 280

6

8

7
5

12

4

9A

11

3

2A
2B

Young-of-the-Year Lake Sturgeon
Habitat at 50th Percentile Inflow

 Habitat Suitability Index Model

0 2 4 6 8 Kilometres

0 2 4 Miles

Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Existing Environment

        Post-Project        
Note: Existing Environment frame shows 50thpercentile inflow and 
Stephens Lake level of 141.1m. Post-Project frame shows Year 30 
shoreline, reservoir at 159 metres and 50thpercentile inflow with 6 
unit full gate plant operation with spill and Stephens Lake level of 
141.1m. Mitigation measures are not shown. 
Extents of dewatered area are estimated based on the existing 
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when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Existing Environment
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Note: Existing Environment frame shows 95thpercentile inflow and 
Stephens Lake level of 141.1m. Post-Project frame shows Year 30 
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unit full gate plant operation with spill and Stephens Lake level of 
141.1m. Mitigation measures are not shown. 
Extents of dewatered area are estimated based on the existing 
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Existing Environment
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Note: Existing Environment frame shows 50thpercentile inflow and 
Stephens Lake level of 141.1m. Post-Project frame shows Year 30 
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Extents of dewatered area are estimated based on the existing 
environment 95th percentile flow.

GULL  LAKE

Legend
Habitat Suitability Index

0.00
0.01 - 0.25
0.25 - 0.50
0.50 - 0.75
0.75 - 1.00

Potential Dewatered Area
Intermittently Exposed Zone

Keeyask Principal Structures

±

±

Map 6-54



Fil
e L

oc
ati

on
: G

:\E
IS

\K
ee

ya
sk

\P
ub

lis
h_

MX
Ds

\S
UP

PO
RT

IN
G_

VO
LU

ME
\R

EV
IS

ED
_S

till
Ol

dT
em

pla
te\

LK
ST

\A
ES

V_
6_

Ad
ult

_L
KS

T_
Ha

bit
at

At
95

thP
er

ce
nti

leI
nfl

ow
_E

Ev
sP

P_
20

12
05

08
.m

xd

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

Pond 
13

Nap  Creek

Fork  Creek

Clark 
Lake

Long 
Rapids

STEPHENS
LAKE

Hidden 
Creek

Effie  Creek

Seebeesis
Creek

Caribou 
Island

Trickle  Creek

NELSON RIVER

Two Goose  Creek

Birthday 
       Rapids

Looking Back Creek

Carscadden
Lake

Gull 
Rapids 

O'Neil Bay

Portage   Creek
Rabbit  Creek

UVPR 280

6

5
7

8

12

11

4

3

9B

9B

2B
2A

9A

Pond 
13

Carscadden
Lake

Nap  Creek
Clark
Lake

Hidden 
Creek

O'Neil Bay

Caribou
 Island

Long
Rapids

Two Goose  Creek

 Birthday 
      Rapids

STEPHENS
LAKE

Looking Back Creek

Portage  Creek

Trickle  Creek

Fork Creek NELSON  RIVER

UVPR 280

6

8

7
5

12

4

9A

11

3

2A
2B

Adult Lake Sturgeon Foraging
Habitat at 95th Percentile Inflow

 Habitat Suitability Index Model

0 2 4 6 8 Kilometres

0 2 4 Miles

Map illustrates the estimated extent of dewatered area 
when the spillway is not in operation.The true extent of 
this area is uncertain due to the limited bathymetric data. 

Projection: UTM Zone 15, NAD 83
Data Source: NTS base 1:50 000
Stephens Lake Shoreline - Quickbird@Digitalglobe, 2006
Nelson River Shoreline modelled by Manitoba Hydro

Existing Environment

        Post-Project        
Note: Existing Environment frame shows 95thpercentile inflow and 
Stephens Lake level of 141.1m. Post-Project frame shows Year 30 
shoreline, reservoir at 159 metres and 95thpercentile inflow with 7 
unit full gate plant operation with spill and Stephens Lake level of 
141.1m. Mitigation measures are not shown. 
Extents of dewatered area are estimated based on the existing 
environment 95th percentile flow.
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6A.1 GENERAL ECOLOGY 

6A.1.1 DESCRIPTION 

The lake sturgeon is a member of the sturgeon family or Acipenseridae and is the only ―strictly‖ 

freshwater species of the genus. This species retains many primitive characteristics that have been lost or 

modified in other modern-day fishes. Lake sturgeon are characterized by a torpedo-shaped body, a tough 

skin, and five prominent rows of bony scutes distributed dorsally, laterally, and ventrolaterally. The dorsal 

surface is typically olive-brown to grey in color, while the abdomen is white. The dorsal and lateral bony 

scutes are the same color as the body, and the fins are dark brown or grey with the single, dorsal fin far 

back near the caudal fin. The caudal fin, or heterocercal tail, which is similar in shape to sharks, is a 

noteworthy feature of the lake sturgeon derived from its primitive ancestry. Furthermore, lake sturgeon 

possess a large, ventral and protrusible mouth with four anterior barbels making it well adapted for 

benthic feeding. Lake sturgeon also have a primitive physostomous swim bladder (no longer found in 

modern teleost fish), meaning that a connection remains between the swim bladder and the gut. Similarly, 

the notochord persists in lake sturgeon, a feature found in lampreys but not in modern teleost fish 

(Harkness and Dymond 1961; Scott and Crossman 1998; Peterson et al. 2007). 

6A.1.2 DISTRIBUTION 

In Canada, the lake sturgeon is distributed from Hudson and James bays as far north as the Fort George 

River on the east and the Churchill River on the west. Although a single record exists for the mouth of 

the Seal River (Keleher and Kooyman 1958), no lake sturgeon have ever been recorded from the upper 

Seal River and associated lakes. The lake sturgeon inhabits the North and South Saskatchewan Rivers in 

Alberta, the Saskatchewan and upper Churchill Rivers in Saskatchewan, and the Churchill, Nelson, 

Hayes, Winnipeg, and Pigeon Rivers in Manitoba. Lake sturgeon are also present in the Assiniboine and 

Red Rivers, but these represent stocked populations from several sources. In Ontario and Quebec, the 

lake sturgeon inhabits the southern Hudson and James bays in the Moose, Mattagami, Kenogami, Rupert, 

and Eastmain systems, as well as the Great Lakes drainages, including the freshwater portion of the St. 

Lawrence River. In the United States, the lake sturgeon occurs in the Great Lakes and Mississippi 

drainage basins, being found as far south as Arkansas in the Mississippi River (Scott and Crossman 1998; 

Wisconsin Department of Natural Resources 2006).  

6A.1.3 SPECIAL STATUS 

Lake sturgeon is a long-lived species, reaching ages of up to 150 years. The species‘ slow growth, late 

sexual maturity, and spawning periodicity have made it particularly vulnerable to exploitation (Harkness 

and Dymond 1961; Brousseau 1987). The commercial fishery for lake sturgeon in Manitoba experienced 

multiple collapses throughout the early to late 20th century and finally was closed permanently in 1992 

(Macdonald 1998). In November 2006, the lake sturgeon was recommended to be considered an 

endangered species by COSEWIC (2006) under SARA, a process that currently is under review. This 
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process is at the stage where the Federal Government is assessing the recovery potential for each 

spawning population within each of the eight designatable units. The final stages of this process are a 

decision by the Governor in Council on the COSEWIC recommendation under SARA, followed by the 

implementation of recovery strategies in the various designatable units, if listed. 

6A.2 HABITAT REQUIREMENTS 

6A.2.1 SPAWNING HABITAT 

Lake sturgeon move to spawning sites after the ice melts, typically moving from lakes and low velocity, 

deeper areas of rivers to suitable, higher velocity habitat when water temperatures are between 8°C and 

10°C. Although lake sturgeon have been observed spawning on shorelines of lakes (Harkness and 

Dymond 1961; Scott and Crossman 1998), this behaviour, first noted in Lake Champlain (Stone 1901), 

has not been well documented. In larger rivers, lake sturgeon migrate from deeper riverine overwintering 

habitats to the base of mainstem rapids or falls or up major tributaries to similar habitats. Spawning 

migrations as far as 100 kilometres (km) have been observed in the Lake Winnebago system, Wisconsin 

(Bruch and Binkowski 2002).  

Many of the detailed field descriptions of lake sturgeon spawning locations describe areas at the foot of 

rapids or falls that prevent further upstream migration (Richardson 1836; Stone 1900; Stone 1901). 

However, lake sturgeon have been known to spawn in areas lacking white water in the Detroit River, 

Michigan (Manny and Kennedy 2002), in the tailrace of Pointe du Bois Generating Station (GS) on the 

Winnipeg River (McDougall et al. 2008a, b), and along shorelines of the Fox and Wolf rivers, Wisconsin 

(Bruch and Binkowski 2002). Some locations where increased water depth has resulted in the loss of 

white water but maintained appropriate velocity and substrate conditions have continued to support 

spawning lake sturgeon. For example, lake sturgeon appear to have continued to spawn in the Nelson 

River above the Kelsey GS following impoundment (Macdonald pers. comm. 2009). Lake sturgeon spawn 

at depths of 0.6-22 m in areas of swift water or rapids over gravel, cobble, and boulder-sized substrates 

that provide sufficient interstitial spaces for oxygenation during egg incubation (Harkness and Dymond 

1961; Bruch and Binkowski 2002; Manny and Kennedy 2002; McDougall et al. 2008b). Flow 

characteristics in the vicinity of spawning sites have both calm water for staging and swift water for 

spawning. Actual substrates can vary from igneous bedrock (Aadland et al. 2005) and flat limestone 

(Ambrose et al. 2007) to glacial till-derived gravel, cobble, and boulder, and even areas of coal cinders 

(Manny and Kennedy 2002).  

Female lake sturgeon are highly fecund, and may carry between 10,000 and 16,000 eggs per kg (Harkness 

and Dymond 1961; Bruch et al. 2006). During the spawning act, a single female lake sturgeon is 

surrounded by several males. As the female rises off the ground/ swims upwards, the males vibrate by 

beating their tails and undulating their bodies to entice the female to release her eggs. Upon the release of 

eggs, they are fertilized by several males. The adhesive eggs are scattered and adhere to rocks and logs 

and hatch in 5–8 days (d) (Kempinger 1988). Female lake sturgeon spawn every 4–7 years (Harkness and 

Dymond 1961) while males generally spawn every other year (Kempinger 1988).  
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6A.2.2 LARVAL DRIFT 

Lake sturgeon eggs typically hatch after 8–14 d depending on water temperature (Kempinger 1988). 

Newly hatched larvae are pelagic, avoid light, and actively search for cover within the interstitial spaces of 

the substrates where they were spawned (Harkness and Dymond 1961; Kempinger 1988). Larvae are 

nourished by a ventral yolk sac for 9–18 d. After about 14 d, the young have developed physical features 

of the adult; after about 16 d they begin to feed exogenously (Scott and Crossman 1998). Within two to 

three weeks of hatching, the larvae leave the substrate at night and drift downstream to nursery areas. 

Lake sturgeon larvae may drift up to 60 km downstream of the spawning site (Auer and Baker 2002). The 

larval drift phase of lake sturgeon life history is a passive phase ensuring transport to nursery areas, and is 

a major determinant of reproductive success (D‘Amours et al. 2001).  

6A.2.3 YOUNG-OF-THE-YEAR FORAGING (REARING) 

HABITAT 

Information on the ecology and habitat requirements of YOY lake sturgeon is limited compared to that 

available for older fish, likely due to the difficulty of capturing young lake sturgeon. In the Kaministiquia 

River, Ontario, YOY (51–135 mm) were captured along the river margins in depths of 0.20–0.55 m over 

a primarily sand substrate from 4 July-11 August 2006 (Friday 2006). The growth rate of these fish from 

the larval drift stage (~20 mm total length [TL]) to 11 August was approximately 1.7 mm/d (Friday 

2006).  

In the Lower Peshtigo River, Wisconsin, YOY lake sturgeon (40–316 mm TL) were captured from June 

through October in 2002 and 2003 (Benson et al. 2005). YOY appeared to select for areas with sand 

substrate, low current velocities (median 0.29–0.33 m/s), and depths less than 2 m. 

In the Wolf River, Wisconsin, YOY lake sturgeon (29–281 mm; 27–186 d old) were captured over seven 

summers (1981–1987) in areas with detectable current, flat substrate composed of pea-sized gravel and 

coarse sand, which lacked rooted vegetation (Kempinger 1996). During visual surveys of nursery habitat 

in the Sturgeon River, Michigan, five YOY lake sturgeon were observed in riffles and runs comprised of 

pea-sized gravel and sand substrate, but never over sand alone (Holtgren and Auer 2004). YOY were 

usually oriented into the current behind woody debris in water 0.3–0.5 m deep and velocities of 0.39–

0.48 m/s. 

In the Winnipeg River between Slave Falls and Pointe du Bois GS, YOY lake sturgeon were captured 

during fall over a sand or sand/gravel substrate in water depths between 16 and 40 m and water velocities 

between 0.15 and 0.23 m/s (North/South Consultants Inc. unpubl. data collected for the Pointe du Bois 

Modernization Project). In the Winnipeg River between Slave Falls GS and Seven Sisters Falls GS, YOY 

lake sturgeon were captured in water depths between 6.1–24.4 m and over a variety of substrate types 

ranging from clay/silt to gravel/cobble (Henderson pers. comm.). 
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6A.2.4 SUB-ADULT AND ADULT FORAGING HABITAT 

Sub-adult lake sturgeon are those that are older than one year but not yet sexually mature (Hay-

Chmielewski and Whelan 1997). After their first year, young lake sturgeon tend to occupy the same 

habitats as adults (Priegel and Wirth 1971; Hughes 2002). However, in areas of the St. Lawrence River 

where there is dense mussel coverage (an invertebrate which smaller lake sturgeon are unable to consume 

as a major food source), the abundance and distribution of juvenile lake sturgeon may differ from that of 

adults, with juveniles occupying substrates (primarily silt) that support the highest densities of soft-bodied 

invertebrates (namely, chironomids, amphipods, and caddisfly larvae) and adults occupying substrates 

(mix of boulder/cobble and silt) where mussels and gastropods are relatively more abundant (Werner and 

Hayes 2005). In the Winnipeg River, regardless of season, sub-adult lake sturgeon measuring less than 

610 mm TL were found to be more abundant in deep water habitat (greater than 13.7 m), whereas larger 

conspecifics (i.e., greater than 610 mm TL) were more evenly distributed between deep and shallow water 

habitat types (Barth unpubl. data). 

Most studies have documented sub-adult lake sturgeon in depths greater than 5 m (Hughes 2002; 

Environnment Illimité 2003; Holtgren and Auer 2004; Smith and King 2005; Werner and Hayes 2005; 

Lord 2007). Barth et al. (2009) observed large congregations of sub-adult lake sturgeon at depths greater 

than 13.7 m in the Winnipeg River, whereas sub-adult abundance was several orders of magnitude lower 

at depths less than 13.7 m. Adult lake sturgeon are also reported in a wide range of depths but tend to 

inhabit deeper water (greater than 6 m) outside the spawning season (Hay-Chmielewski 1987; MacDonell 

1992; Rusak and Mosindy 1997; Block 2001) and may avoid depths less than 3 m (Hay-Chmielewski 

1987). Where velocity values were reported, sub-adults were found in areas with detectable current  

(0.2–0.7 m/s; Hughes 2002; Environnment Illimité 2003; Barth et al. 2009). Adults in both riverine and 

lake environments are also often found in areas of increased water movement (Rusak and Mosindy 1997; 

Block 2001). Some authors have found a preference by adult lake sturgeon for sloped areas of a lake 

(Hay-Chmielewski 1987; Block 2001).  

Both sub-adults and adults are found over a wide range of substrates from mud, clay, or silt to cobble 

and boulder (Barth et al. 2009); however, some studies have indicated preferences of sub-adult lake 

sturgeon for particular substrates, including silt, clay, organic, sand, and gravel (Chiasson et al. 1997; 

Hughes 2002; Werner and Hayes 2005; Lord 2007). Habitat selection by lake sturgeon is likely dictated 

more by prey availability and density rather than physical factors; prey distribution is positively correlated 

with the latter (Hay-Chmielewski 1987; Werner and Hayes 2005). Other biotic factors (e.g., competition, 

predator-prey interactions) are also likely important, and in some cases sub-adults may occupy different 

habitat from the adults in order to avoid competition (Smith and King 2005). Habitat utilized by sub-

adult lake sturgeon in the Winnipeg River minimized inter-specific interactions with other species of fish 

(Barth unpubl. data). 
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6A.2.5 OVERWINTERING 

During winter, lake sturgeon generally appear to occupy deep water habitat if it is available (Harkness and 

Dymond 1961; Scott and Crossman 1998). Deep run and pool habitats are particularly important 

overwintering areas for lake sturgeon confined to riverine environments (Hay-Chmielewski and Whelan 

1997). However, in Black Lake, Michigan, lake sturgeon used significantly shallower areas during winter 

(7.1 ± 0.8 m) than in summer (10.3 ± 2.1 m; Hay-Chmielewski 1987). 

6A.3 SPECIES INTERACTIONS 

6A.3.1 DIET 

Diet composition of lake sturgeon is linked strongly to the substrates over which they are feeding. It is 

not uncommon to find thousands of individuals of a single taxon from a stomach, with little to no 

sediment. Lake sturgeon feed almost exclusively on benthic invertebrates as supported by the presence of 

host-specific parasites that are transmitted by benthic invertebrates (Choudhury et al. 1996; Choudhury 

and Dick 1998). Although diet composition varies by study, molluscs (Sphaeriidae, Gastropoda), 

crustaceans, Ephemeroptera, Trichoptera, and Chironomidae are important forage items throughout the 

range of the lake sturgeon (Harkness and Dymond 1961; Houston 1987; Choudhury et al. 1996; Chiasson 

et al. 1997; Beamish et al. 1998; Werner and Hayes 2005; Lord 2007). Sub-adult lake sturgeon (220-

700 mm TL) in the Winnipeg River were found to feed on three invertebrate taxa (orders Trichoptera, 

Diptera, and Ephemeroptera in the class Insecta), over a variety of substrate types ranging from clay to 

boulder, during May, June, and July (Barth unpubl. data). 

Lake sturgeon feed by taking a mouthful of the substrate and sifting out the invertebrates. This type of 

feeding would dictate that smaller lake sturgeon would prefer smaller substrate particle sizes compared to 

larger lake sturgeon, which would be capable of engulfing larger substrates. However, other information 

suggests that smaller lake sturgeon, feeding in the same habitats as larger lake sturgeon, have fewer of the 

same diet items, indicating smaller individuals may be selecting for individual food items (Choudhury pers. 

comm. 2008). In the Lower Peshtigo River, Wisconsin, age-0 lake sturgeon appeared to select for areas 

with macroinvertebrate assemblages dominated by dipterans (primarily Chironomidae and 

Ceratopogonidae larvae). Baetidae nymphs and Diptera larvae composed the majority of the diet of YOY 

captured in the Wolf River, Wisconsin over seven summers (1981–1987; 62.2% and 36.5%, respectively; 

Kempinger 1996). Between 25 July and 10 September, Diptera larvae were the main prey item of YOY 

lake sturgeon (126–175 mm TL). Larvae from eight Chironomidae genera were consumed by four fairly 

small YOY (42–500 mm). Although the lake sturgeon primarily is a benthic specialist species, they will 

feed in the water column when the opportunity to feed on concentrated food sources arise (Block 2001).  

6A.3.2 PREDATION AND COMPETITION 

Due to the large size of adults and the protection offered by bony scutes of juveniles, lake sturgeon are 

not believed to be vulnerable to predation by other fish species except at their earliest stages of growth 
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(Harkness and Dymond 1961). However, there is some evidence that both lake sturgeon and other 

species will consume lake sturgeon eggs (Barth pers. comm. 2010; Bruch and Binkowski 2002). Silver 

redhorse (Moxostoma anisurum) and logperch (Percina caprodes) have been either observed feeding on lake 

sturgeon eggs at spawning sites or eggs have been found in their stomach contents (Johnson et al. 2006). 

Other predators of lake sturgeon eggs include crayfish (Orconectes spp.), mudpuppies (Necturus maculosus), 

carp (Cyprinus carpio), and post-spawning adult lake sturgeon (Kempinger 1988). 

In laboratory trials, white sturgeon (Acipenser transmontanus) of up to 134 mm TL have been consumed by 

predatory fish, including channel catfish (Ictalurus punctatus; mean TL = 464 mm), northern pikeminnow 

(Ptychocheilus oregonensis; mean TL = 472 mm), juvenile walleye (Sander vitreus; mean TL = 184 mm) and 

prickly sculpin (Cottus asper), despite the fact that white sturgeon develop scutes at about 25 mm TL 

(Gadomski and Parsley 2005a). Young white sturgeon that have begun actively seeking food may be more 

vulnerable to predation than larvae that have not yet begun exogenous feeding (Gadomski and Parsley 

2005b, c). Predation is likely contributing to mortality of YOY white sturgeon in the wild and is thought 

to contribute to year-class failures observed despite evidence of annual spawning (Gadomski and Parsley 

2005a).  

Diet analyses of juvenile lake sturgeon (250–800 mm; 2–17 years) in unproductive habitat in tributaries of 

the Moose River, Ontario, have showed them to be generalists (Beamish et al. 1998). Diets of the lake 

sturgeon sampled were similar across the length classes examined. Being benthic feeders, juvenile lake 

sturgeon consumed similar prey as suckers, lake whitefish and, to a lesser extent, burbot (Beamish et al. 

1998). Low invertebrate densities (95 individuals/m2) and the presence of the same invertebrate groups in 

juvenile lake sturgeon and other dominant fish species suggests that competition for food may be an 

important determinant of growth in resource-poor habitats. Suckers are often found in association with 

lake sturgeon and may be considered the most serious competitors of lake sturgeon for food (Harkness 

and Dymond 1961). 

6A.4 MOVEMENTS 

6A.4.1 GENERAL MOVEMENTS 

Results of several mark-recapture and biotelemetry studies have indicated that lake sturgeon exhibit 

relatively restricted movements, remaining mostly within the vicinity of their tagging location (Threader 

and Brousseau 1986; Dumont et al. 1987; Sandilands 1987; Fortin et al. 1993; Haxton 2003; Haxton and 

Findlay 2008). Other studies have reported the use of ―core areas‖ or ―activity centers,‖ locations heavily 

used and frequently returned to by lake sturgeon (Borkholder et al. 2002; Knights et al. 2002; Haxton 

2003). In some cases, use of a core area is accompanied by much wider ranging movements by a small 

percentage of fish (Knights et al. 2002). In general, lake sturgeon appear to move more frequently and 

over longer distances during the open water season, while during winter, fish are more sedentary (Hay-

Chmielewski 1987; Mosindy and Rusak 1991; Rusak and Mosindy 1997; Knights et al. 2002).  

A radio-telemetry study of four lake sturgeon in a 70 km unimpounded reach of the Ottawa River 

reported a mean home range of 1,528 ha and a maximum movement distance of 10 km over a 2.5 y 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON  6A-7 

period (Haxton 2003). Tagged fish showed high fidelity to a particular basin, with fish sometimes moving 

to the periphery or outside the basin but later returning (Haxton 2003). 

Lake sturgeon in a 52 km reach of the Moose River, Ontario, also appeared to have a relatively small 

home range. Of 2,346 fish tagged over two years, 169 fish were recaptured. Over 80% of recaptures 

occurred in the location where the fish had been tagged the year before, and remaining fish had moved 

less than 5 km from their tagging site (Threader and Brousseau 1986). 

In the Kettle River, Minnesota, five radio-tagged lake sturgeon tracked for 1.5 y were found to remain 

within a 32 km reach despite the absence of barriers at either end of the reach (Bolkholder et al. 2002). 

There was a high correlation between movement and river discharge, with upstream movements 

corresponding to increasing discharge and downstream movements corresponding to decreasing 

discharge. Each fish used one to three ―activity centers,‖ areas in which they were located at least 80% of 

the time (Bolkholder et al. 2002). 

Studies of juvenile lake sturgeon indicate that they too exhibit site fidelity and a relatively limited range of 

movement. Below Slave Falls GS on the Winnipeg River, Manitoba, a mark-recapture study of 

5,671 juvenile lake sturgeon (213–879 mm FL) was conducted concurrently with acoustic telemetry 

tracking of 23 juvenile lake sturgeon (364–505 mm FL) from May 2006 to October 2008 (Barth et al. 

2011). Juvenile lake sturgeon were highly sedentary and showed strong site fidelity despite availability of 

more than 41 km of potential habitat. Approximately 91% of marked fish that were recaptured were 

caught less than 2.0 river kilometres (rkm) from their original capture location. Similarly, 60% of 

acoustically tagged lake sturgeon moved 1.8 rkm or less from their release location. Due to the high site 

fidelity of most tagged fish in this study, a seasonal movement pattern could not be established (Barth et 

al. 2011). However, studies of YOY lake sturgeon in other systems have documented a pattern of 

downstream movement during fall (Thuemler 1988; Kempinger 1996; Holtgren and Auer 2004; Benson et 

al. 2005), potentially to locate more suitable (lower) water velocities for overwintering (Benson et al. 

2005). Acoustic telemetry data for juvenile lake sturgeon monitored during winter in the Winnipeg River 

suggested that juveniles were even more sedentary during this period (Barth et al. 2011). In contrast, 

during spring, several acoustically tagged juvenile lake sturgeon moved upstream to the Slave Falls GS 

prior to or during the period of lake sturgeon spawning in the area. It is thought that juveniles may have 

undertaken these movements in order to forage on eggs deposited by spawning adults or to accompany 

adults to the spawning ground, as both behaviours had been observed in the Winnipeg River or other 

lake sturgeon populations (Barth et al, 2011). 

Studies of juvenile lake sturgeon in the Great Lakes watershed have also shown them to have a high 

degree of site fidelity and relatively small home ranges. In the Sturgeon River/Portage Lake system, 

Michigan, four juvenile lake sturgeon (220–830 mm FL) tracked with radio telemetry moved an average 

of 15.5 km (total linear movement) over an 83 d period and had a mean home range area of 11.0 square 

kilometres (km2) (Holtgren and Auer 2004). In Black Lake, Michigan, five juvenile lake sturgeon  

(785–1135 mm TL) implanted with acoustic transmitters exhibited home range areas between 4.79 km2 

and 7.27 km2 during July to October (Smith and King 2005). Finally, in the St. Clair River, Michigan, nine 

juvenile lake sturgeon (582–793 mm TL) tracked via acoustic telemetry exhibited home range areas 

between 0.8 km2 and 10.8 km2 over a two year period (Lord 2007).  
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6A.4.2 SWIMMING PERFORMANCE 

Lake sturgeon swimming endurance (i.e., the length of time for which a given speed can be maintained) 

generally increases with fish length. In addition, large lake sturgeon can attain higher speeds than smaller 

fish (Peake et al. 1997). The maximum sustained swimming speed (the highest speed a fish can maintain 

indefinitely) for a 130 cm (i.e., sexually mature) lake sturgeon was 96.8 centimeters per second at 14°C, 

within the temperature range at which lake sturgeon normally spawn (Peake et al. 1997). For the two 

swimming modes that use energy derived exclusively or partially from aerobic processes (i.e., sustained 

and prolonged swimming), performance increases with water temperature. Only at burst speeds, in which 

energy is derived from anaerobic processes, does temperature cease to affect performance (Peake et al. 

1997).  
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6B.1 FIELD DATA COLLECTION AND ANALYSIS 

A summary of lake sturgeon (Acipenser fulvescens) studies conducted between 2001 and 2010 is presented in 

Table 6B-1. The field program was grouped into four primary components (though activities among the 

components often overlapped), as follows: 

 Spring spawning; 

 Open water foraging;  

 Overwintering; and 

 Fish movements. 

Gillnetting studies focused on three different size categories of fish: 

 YOY — ~150–200 mm FL or TL (whichever available; ~ three months old based on capture in late 

summer/early fall); 

 Sub-adults — ~200–833 mm FL (~1–15 years old based on data presented in Kooyman 1955 and 

Sopuck 1987); and 

 Adults — greater than or equal to 834 mm FL. 

Sub-adults were defined as fish older than one year but not yet sexually mature and adults were defined as 

sexually mature fish. The size distinction between sub-adult and adult fish was adopted from lake 

sturgeon spawning at the Weir River (Holm et al,. 2006) where a large number of fish can be captured in a 

smaller area over a short time period compared with the Keeyask area. This allows a greater number of 

lake sturgeon to be sexed by gamete extrusion providing a more representative dataset on fish size at 

maturity. This benchmark also corresponded well to the size of the smallest sexually mature fish (826 mm 

FL) captured in the study area during environmental studies. 

6B.1.1 Habitat-Based and Seasonal Assessments of 

Abundance 

Large mesh gill nets were used to investigate lake sturgeon populations in the following study area 

waterbodies from 2001–2008: the Burntwood, Grass, and Odei rivers; the Nelson River downstream of 

Kelsey GS; Split Lake; Clark Lake; the Nelson River between Clark and Gull Lakes; Gull Lake; Gull 

Rapids; the Nelson River between Gull Rapids and Stephens Lake; and Stephens Lake. Large mesh nets 

consisted of two to four panels (22.9 × 2.7 m) with mesh sizes ranging from 203–304 mm. They were 

considered effective in catching larger sub-adult fish and adult fish. 

Medium mesh gill nets were used to locate YOY and sub-adult lake sturgeon during summer 2006 and 

fall of 2008 to 2010. The summer study was conducted throughout the study area whereas fall studies 

focused on the Nelson River between Birthday and Gull rapids, the downstream vicinity of Gull Rapids, 

and upper Stephens Lake. Medium mesh nets consisted of 2–6 panels (22.9 × 1.8 m) with mesh sizes 
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ranging from 38–203 mm. In addition to providing a measure of abundance (CPUE), catches provided 

information on fish size, condition, sex, and state of maturity (Photo 6B-1). Annual mean CPUE  

(# fish/45.7 m net/24 h) was calculated by season for each life stage by averaging site-specific CPUEs 

where appropriate mesh sizes for that life stage had been used. 

Lake sturgeon habitat at gillnet sites was classified based on water depth, water velocity, and substrate 

compaction (Table 6B-2). Since most lake sturgeon gillnetting was conducted in areas or during seasons 

(e.g., spring) where macrophyte growth was negligible, vegetation presence/absence was not used to 

classify lake sturgeon habitat as was done for other fish species. Substrate composition (organic vs. 

mineral) was also excluded from lake sturgeon habitat classification as very few gillnet sites were set in 

areas with organic substrate. Descriptions of general habitats sampled during lake sturgeon studies are 

summarized by waterbody in Table 6B-3. Seasonal habitat-based mean CPUE was calculated for each life 

stage by averaging site-specific CPUE (years pooled).  

Dietary and age data were obtained from a sub-sample of YOY and sub-adult fish captured during fall 

2008 gillnetting studies. Age data were obtained from sub-adult fish captured in upper Stephens Lake 

during fall 2010. 

6B.1.2 Spring Spawning Habitat 

This study was conducted to provide information on spawning locations for lake sturgeon.  

Large mesh gill nets were employed from mid-May to early July from 2001–2008 throughout the study 

area to capture adult lake sturgeon, with nets typically set overnight (~ 24 h). Fish captured were assessed 

for sexual maturity to help assess the location of spawning habitat.  

Larval drift traps (after Burton and Flannagan 1976) were also employed during this time period to 

identify potential spawning habitat in the Grass River below Witchai Lake falls, the Burntwood River 

below First Rapids, and the mainstem Nelson River (above and below Birthday rapids, below Gull 

Rapids, and in Gull Lake). Traps consisted of a 43 × 85 centimetres (cm) opening with a 

950 micrometres (µm) collecting net (Photo 6B-2). 

Potential spawning sites were also assessed through tracking of radio-tagged and acoustic-tagged fish as 

described in Section 6B.1.4. 

6B.1.3 Overwintering Habitat 

This study was conducted to provide information on potential overwintering habitat in areas where it was 

felt that the Project could potentially adversely affect some characteristic of overwintering habitat (e.g., 

water velocity, dissolved oxygen). Lake sturgeon implanted with radio-tags were tracked periodically 

during the winter months from 2001–2004 to identify overwintering habitat for VEC species as described 

in Section 6B.1.4.  
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Source: North/South Consultants Inc., 2010  

Photo 6B-1: Aquatic environmental studies team member processing lake sturgeon 

captured during lake sturgeon studies in the Keeyask study area, 2010
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Source: North/South Consultants Inc. 

Photo 6B-2: Floating drift trap used to capture newly-hatched larval lake sturgeon as 

they drift downstream in the Keeyask study area 

6B.1.4 Fish Movements 

This study was conducted to: a) gain a general understanding of lake sturgeon movements within the 

study area; b) assess whether fish move upstream and/or downstream through Birthday Rapids and Gull 

Rapids; and c) document concentrated movements of fish that can be used to identify important habitat, 

such as spawning locations. Information on fish movements was obtained from recaptures of large 

numbers of Floy®-tagged fish and through repeated tracking of a relatively small number of radio-tagged 

and acoustic-tagged fish. 

Lake sturgeon were marked with individually numbered plastic Floy® FD-94 T-bar anchor tags 

throughout the study area between 1999 and 2008. These tags were applied between the basal 

pterygiophores of the dorsal fin using a Dennison Mark II tagging gun (Photo 6B-3). A total of 871 lake 

sturgeon were tagged during the environmental studies. The majority of lake sturgeon were tagged 

between Clark Lake and Gull Rapids (n = 515 fish), followed by the Split Lake Area (n = 280), within 

Gull Rapids downstream to Stephens Lake (n = 66), and in Stephens Lake (n = 10). The return of Floy®-

tags (or tag numbers) from fish captured by local resource users and the associated catch information (i.e., 

where and when fish were captured) was promoted by posters offering rewards in Split Lake, Gillam, and 

Thompson. In addition to the fish tagged as part of the environmental studies, tag return information 
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was collected for an additional 62 lake sturgeon that had been tagged in the Gull Lake reach by Manitoba 

Conservation in 1995.  

 

Source: North/South Consultants Inc. 

Photo 6B-3: Floy®-tag (top) and its location of insertion (bottom) on a lake sturgeon 

captured during Keeyask environmental studies  
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Six lake sturgeon captured between Birthday and Gull rapids and six captured downstream of Gull 

Rapids were implanted with radio transmitters (model MCFT-3A, Lotek Engineering Inc., Newmarket, 

Ontario) during spring 2001. One of the radio-tagged lake sturgeon from upstream of Gull Rapids was 

captured by a local resource user during summer 2001, removing one fish from the sample of radio-

tagged lake sturgeon. Radio-tagged fish were relocated from the air periodically between June 2001 and 

February 2004 using a helicopter equipped with a Lotek model SRX-400 receiver and a single ‗yagi‘ 

antenna.  

Sixteen lake sturgeon captured between Birthday and Gull rapids and two lake sturgeon captured 

downstream of Gull Rapids were implanted with acoustic transmitters (model V16-4H-01-SHK1-R256, 

Vemco Ltd., Shad Bay, NS) during spring 2001 (Photo 6B-4). One of the acoustic-tagged lake sturgeon 

from upstream of Gull Rapids was recaptured by a local resource user during summer 2001 and its tag 

was reapplied to a lake sturgeon captured downstream of Gull Rapids during fall 2001. Two additional 

lake sturgeon captured downstream of Gull Rapids during fall 2001were implanted with acoustic 

transmitters. Therefore, as of fall 2001 there were 20 lake sturgeon implanted with acoustic transmitters 

and 11 fish implanted with radio transmitters in the study area. Acoustic-tagged fish were tracked from 

June to October of 2001–2004 using 10 Vemco VR1 and VR2 submersible stationary receivers 

(positioned near the upstream and downstream sides of both Birthday Rapids and Gull Rapids) and by 

manual tracking by boat using a Vemco VR-60 ultrasonic receiver. 

 

Source: North/South Consultants Inc. 

Photo 6B-4: Surgical implantation of an acoustic transmitter in a lake sturgeon 
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Table 6B-1: Summary of approach and methods used for lake sturgeon studies in the study area, 2001–2010 

Study* Objective Method Equipment Life Stages 

Targeted 

Location1 Date of 

Sampling 

Number of 

Sites2 

Spring spawning 

habitat 

To identify habitat 

used for 

spawning by lake 

sturgeon (gill nets 

also indicate 

spring foraging 

habitat for sub-

adult fish) 

a) sturgeon gill 

nets 

i) 2–4 panels (22.9 x 2.5 m) 

of 203, 229, 254, and 

305 mm stretched twisted 

nylon mesh; or                                                  

ii) 1 panel (91.4 × 2.5 m) of 

305 mm stretched twisted 

nylon mesh 

i) sub-adult & 

adult 

SPL May-Jul 2001,-

02,-04,-06,-07 

i) 408     ii) 0 

NR May-Jul 2001,-

02,-03,-04,-06,-

08 

i) 233     ii) 0 

ii) sub-adult & 

adult 

GR May-Jul 2001-06 i) 127     ii) 8  

STL Jun-Jul 2003,-

05,-06 

i) 79     ii) 25    

b) drift traps i) 43 × 85 cm opening with 

950 µm Nitex collecting net 

(large);or                                        

ii) 15 × 15 cm opening with 

500 µm Nitex collecting net 

(small) 

i) eggs & larvae SPL May-Jul 2001–02; 

Jun 2007 

i) 7         ii) 2 

NR May-Jul 2001–04 i) 39     ii) 10 

ii) eggs & larvae GR Jun-Jul 2001–04 i) 33       ii) 4 

  STL May-Jun 2003 i)  0        ii) 7 

c) egg mats 39 x 19 x 9 cm cinder blocks 

wrapped with air filter 

material (i.e., latex-coated 

horse hair or fiberglass) of 

dimensions 90 x 30 cm 

eggs SPL Jun 2007 5 

Foraging habitat To identify habitat 

used for foraging 

by young-of-the-

year [YOY], sub-

adult, and adult 

lake sturgeon 

during the open-

water season 

a) sturgeon gill 

nets 

i) 2–4 panels (22.9 x 2.5 m) 

of 203, 229, 254, and 

305 mm stretched twisted 

nylon mesh;                                                         

ii) 2–6 panels (22.9 × 1.8 m) 

of 25, 38, 51, 76, 95, 108, 

127, or 203 mm stretched 

twisted nylon/monofilament 

mesh; or                                               

iii) 1 panel (91.4 × 2.5 m) of 

305 mm stretched twisted 

nylon mesh 

i) sub-adult & 

adult 

SPL Aug-Sep 2006 i) 89     ii) 14      

iii) 0 

ii) YOY & sub-

adult 

NR Aug-Sep 2006; 

Sep 2008 

i) 31     ii) 19       

iii) 0 

GR Aug-Sep 2006; 

Sep 2008-09 

i) 17     ii) 38      

iii) 12 

 STL Sep 2010 i) 0       ii) 10 

iii) 0 

  iii) sub-adult & 

adult 

STL Aug-Sep 2006, 

Sep 2009 

i) 6       ii) 11      

iii) 25 

b) radio 

telemetry 

individually coded Lotek radio 

transmitters (model MCFT-3A) 

and helicopter tracking with 

SRX-400 receiver  

adult NR, GR, STL Jun 2001-Feb 

2004 

11 

c) acoustic 

telemetry 

individually coded Vemco 

acoustic transmitters (model 

V16-4H-01-SHK1-R256) and 

tracking with VR1 and VR2 

stationary receivers and VR-

60 receivers and boat  

adult NR, GR, STL Jun-Oct 2001–03 20 

Overwintering habitat To identify habitat 

used for 

overwintering by 

lake sturgeon 

a) radio 

telemetry 

as described above adult NR, GR, STL Jan-Mar 2002, 

Nov-Apr 2002-03, 

Feb 2004 

11 

Fish movement To assess general 

movement 

patterns 

a) radio 

telemetry 

as described above adult NR, GR, STL Jun 2001-Feb 

2004 

11 

b) acoustic 

telemetry 

as described above adult NR, GR, STL Jun-Oct 2001–03 20 

c) mark and 

recapture3 

individually numbered 

Floy
®

-tag attached between 

fin membranes of dorsal fin 

sub-adult & adult SPL 2001–07 280 

NR 1999, 2001–04,-

06,-08 

577 

GR 2001–06,-08 66 

STL 2001–06 10 

*In addition to the programs described in this table, lake sturgeon were captured incidentally in gill nets set to target other fish species from 1999–2009. 
1. SPL = Split Lake area. 
 NR = Keeyask area: Nelson River between Clark Lake and Gull Rapids. 
 GR = Keeyask area: Gull Rapids and downstream, riverine portion of Stephens Lake. 
 STL = Stephens Lake area. 
2. For radio/acoustic telemetry and mark/recapture methods, the number represents the number of fish marked rather than the number of sites sampled. 
3. Includes 62 lake sturgeon tagged by the Manitoba Fisheries Branch in Gull Lake in 1995. 
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Table 6B-2: Classification system for fish habitat in the study area 

Water Depth1,2 Water Velocity3 Compaction4 Composition Vegetation 

shallow standing hard mineral no plants 

shallow standing soft mineral no plants 

shallow standing soft mineral plants 

shallow standing soft organic no plants 

shallow standing soft organic plants 

shallow low hard mineral no plants 

shallow low soft mineral no plants 

shallow low soft mineral plants 

shallow low soft organic no plants 

shallow medium hard mineral no plants 

shallow medium soft mineral no plants 

shallow medium soft organic no plants 

shallow high hard mineral no plants 

deep standing hard mineral no plants 

deep standing soft mineral no plants 

deep standing soft organic no plants 

deep low hard mineral no plants 

deep low soft mineral no plants 

deep medium hard mineral no plants 

deep medium soft mineral no plants 

deep high hard mineral no plants 
1. Refer to Section 3 for a more detailed discussion of aquatic habitat classification. 
2. Shallow: ≤ 3 m; deep = > 3 m. 
3. Standing: ≤ 0.2 m/s; low = 0.2–0.5 m/s; medium = 0.5–1.5 m/s; high >1.5 m/s. 
4. Soft = silt, soft-packed clay, sand; hard = bedrock, boulder, cobble, gravel, hard-packed clay. 
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Table 6B-3: Description of general habitat types used to describe foraging and rearing habitat used by lake sturgeon in the 

study area 

Waterbodies General Habitat Type Description3 

Split/Clark lakes Lacustrine • Shallow or deep areas with low velocity, a combination 

of soft (silt, clay, sand) and hard mineral-based 

substrates (cobble, boulder). Macrophyte beds abundant 
in some shallow areas but scarce in deep areas. 

Split/Clark Lakes; Nelson River from Kelsey GS to Split 

Lake; lower Grass, Burntwood, and Odei rivers 

Riverine • Shallow or deep areas with primarily low to medium4 

velocity, a combination of soft (silt, clay, sand) and hard 
mineral-based substrates (gravel, cobble, boulder), and a 

scarcity of macrophyte beds. 

 Rapids • Shallow or deep areas of primarily medium velocity with 
low velocity refuge areas (i.e., behind reefs or islands; 

back eddies), a combination of soft (silt, clay, sand) and 
hard mineral-based substrates (cobble, boulder, 

bedrock), and a scarcity of macrophyte beds. 

Nelson River1 Lacustrine • Areas of Gull Lake with shallow water or deep water, 

low velocity, a combination of soft (silt, clay, sand) and 
hard (gravel, cobble, boulder) mineral-based substrates. 

Macrophyte beds few in shallow areas and scarce in deep 

water. 

 Riverine • Areas of the Nelson River with a combination of shallow 

and deep water, low to medium velocity, hard (gravel, 

cobble, boulder) mineral-based substrates, and a scarcity 
of macrophyte beds. 

 Rapids • Shallow or deep areas of primarily medium velocity with 

low velocity refuge areas (i.e., behind reefs or islands; 

back eddies), a combination of soft (silt, clay, sand) and 
hard mineral-based substrates (cobble, boulder, 

bedrock), and a scarcity of macrophyte beds. 

Gull Rapids2 Rapids • Shallow or deep areas of primarily medium velocity with 
low velocity refuge areas (i.e., behind reefs or islands; 

back eddies), primarily hard mineral-based substrates 

(cobble, boulder, bedrock), and a scarcity of macrophyte 
beds. 

 Riverine • Shallow or deep areas of the Nelson River with low to 
moderate velocity, a combination of soft (silt, clay, sand) 

and hard (gravel, cobble, boulder) mineral-based 

substrates, and a scarcity of macrophyte beds. 

Stephens Lake Lacustrine • Areas of shallow or deep water, standing to low 

velocity, primarily soft (silt, clay, sand) mineral-based 
substrates, with some macrophyte beds in shallow areas 

and a scarcity of macrophytes in deep water. 

1. Nelson River from Clark Lake to Gull Rapids, including Gull Lake. 
2. Gull Rapids and the 4 kilometre reach of the Nelson River between these rapids and Stephens Lake. 
3. Based on habitat classification system described in Table 6B-2 and Section 3. 
4. Areas with high water velocity (> 1.5 m/s) were excluded as suitable foraging/rearing habitat because at water velocities > 1.5 m/s fish of all lengths would employ burst 

swimming and endurance would be limited to 10 seconds or less. 
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The following text describes the known spawning locations, the suspected spawning locations and the 

general areas where spawning is known to occur within the Aquatic Environment Study Area. These 

areas are highlighted on Map 6-4. 

Red and green polygons indicate known lake sturgeon spawning locations as evidenced by the consistent 

capture of spawning male and/or female lake sturgeon and/or the presence of larvae. The red polygons 

represent specific locations and the broader, green polygons indicate general areas where sturgeon are 

known to spawn. Orange polygons represent general areas where data suggest that lake sturgeon may 

spawn (i.e., a small number of captures of sexually mature lake sturgeon and the presence of suitable 

spawning habitat). 

Two areas have been identified as suspected lake sturgeon spawning habitat and four have been identified 

as known spawning habitat. 

1. Grass River at Witchai Lake Falls (suspected):  

One spent male and two large fish thought to be pre-spawning females (based on their large size 

and distended urogenital openings) were captured in the Grass River in spring 2007. The male 

was captured immediately below Witchai Lake Falls and the suspected females were captured 

within approximately 3 km of the falls. Witchai Lake Falls contain the velocities and hard 

substrata required for lake sturgeon spawning. Witchai Lake Falls was an historic spawning site 

for lake sturgeon (MacDonell 1997). 

2. Nelson River below Kelsey GS (suspected): 

One pre-spawning female and two ripe males were captured in the Nelson River within 2 km 

downstream of Kelsey GS between 2006 and 2007. A second fish captured in this area in 2007 

was tentatively identified as a female maturing to spawn that year based on its large size and 

distended urogenital opening. Kelsey Rapids was a spawning site for lake sturgeon prior to 

construction of the Kelsey GS (MacDonell 1997). 

3. Burntwood River at First Rapids (known): 

Several pre-spawning or ripe males were captured immediately below First Rapids in the 

Burntwood River from 2001 to 2007. One sturgeon captured in this area in 2007 was thought to 

be a female preparing to spawn that year based on its large size and distended urogenital 

opening. Twenty-two larval lake sturgeon were captured immediately downstream of the rapids 

in spring 2001. 

4. Nelson River between Clark Lake and Birthday Rapids (known): 

Ripe male lake sturgeon were captured 2 km downstream of Clark Lake in spring 2004 and two 

larval lake sturgeon were captured approximately 1 km upstream of Birthday Rapids the same 

spring. Habitat in this area is suitable for lake sturgeon egg deposition, with moderate to high 

water velocities and a cobble/boulder substratum. 
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5. Nelson River at Birthday Rapids (known): 

Several pre-spawning and ripe males were captured at the base of Birthday Rapids during spring 

spawning studies conducted in 2001 and 2006. Four pre-spawning males and a pre-spawning 

female were captured further downstream of the rapids in spring 2003. Water levels and flows at 

Birthday Rapids were lower in 2003 than in any other year of Keeyask Environmental Studies. 

No mature fish were captured at the base of the rapids in 2003 and it is believed that this may 

have been due to the lower flows and that suitable spawning habitat was located further 

downstream. 

6. Nelson River at Gull Rapids (known): 

Five pre-spawning females and several pre-spawning or ripe males were captured immediately 

below Gull Rapids between 2001 and 2006. One pre-spawning and three spent male lake 

sturgeon were captured within Gull Rapids during Keeyask spawning studies in 2003. Evidence 

suggests that lake sturgeon from Stephens Lake congregate below the rapids until water 

temperatures are favourable for spawning, at which time the fish move into the rapids to spawn.
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6D.1 INTRODUCTION 

The Project‘s potential impacts to Keeyask lake sturgeon were assessed in part using HSI models to 

predict changes in the suitability and availability of lake sturgeon spawning and foraging (YOY, sub-adult, 

and adult) habitat between the pre- and post-Project environments. Separate HSI models were developed 

for each of these four life stages for the Nelson River from Clark Lake to Gull Rapids and the proposed 

Keeyask GS using data collected during the Keeyask environmental studies, data collected from other 

locations in Manitoba, and the scientific literature. This appendix describes the data and approaches used 

to develop suitability criteria for the four HSI models and summarizes pre- and post-Project modelling 

results. 

6D.2 METHODS 

6D.2.1 DEVELOPMENT OF HABITAT SUITABILITY 

INDEX MODELS 

An HSI is a dimensionless number bounded by 0 and 1 that represents the suitability of a combination of 

environmental characteristics to support biotic requirements. An HSI value of 0 indicates unsuitable 

habitat and 1 indicates optimum habitat. Approaches to HSI are broad-ranging and have been used 

widely in fisheries for decades (Bovee 1978; Bovee 1982). HSI approaches began to adopt Geographic 

Information Systems (GIS) approaches in the 1990s.  

An HSI is based on a conceptual model of the relationship of a species to its habitat; it is important to 

understand that this model represents a simplified version of the habitat in that only a few key variables 

are selected. In addition, these relationships are typically based on correlations of occurrence in a given 

habitat rather than cause and effect relationships and can be improved as more data are obtained. As a 

result, the development of HSI models often is incremental as knowledge about the species or life stage 

of interest grows.  

The model hypotheses usually are developed in three stages. First, variables are chosen that represent key 

aspects of the habitat features known to affect the habitat use of interest for a species (e.g., sturgeon 

spawning). Second, the relationship between each habitat variable and habitat suitability for the species is 

depicted graphically as a Habitat Suitability Criteria (HSC) curve. HSC can be developed through a variety 

of approaches, including expert opinion and/or occurrence data in specific habitats (Crance 1984; 

Stalnaker et al. 1995). Third, the model components are aggregated into a species HSI equation that yields 

a single numerical description of habitat suitability (ranging from 0–1). The means by which the HSI is 

calculated varies. Many applications use the mathematical product of the variables‘ suitability criteria, 

and/or weight the variables differently in order to govern their relative importance in the model. In a 

GIS, each location (or pixel) in a map contains an HSI value. These HSIs can be summed to compare, 
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for example, existing environment and post-Project HSI distributions, or used to calculate pre- and post-

Project WUAs1 (see Diagram 1 below). 

 

Diagram 1: Schematic of the process by which a Geographic Information System (GIS) 

calculates weighted usable area (WUA) from Habitat Suitability Criteria 

(HSC) curves for three input variables in a Habitat Suitability Index model 

The development of an HSI model must consider the number of variables and their relative importance. 

Including more variables in a model does not necessarily result in a model with greater predictive power 

and may cause the model to be less reliable than a simpler model. Generally, uncertainty in selecting the 

right environmental requirements of a species is minimized by keeping the number of variables low. 

All models contain uncertainty and have assumptions. Many biological communities or habitats are not at 

their carrying capacity (i.e., the suitable area is not completely occupied) potentially due to an inherent 

characteristic of the population, or from disturbances such as harvest and/or habitat alteration from 

human developments. If a suitable habitat is not fully occupied, it may be due to microhabitat selection, 

site fidelity, or past exploitation that has markedly reduced the population. Fish populations with 

relatively low numbers are challenging to sample and field data may indicate use of only a subset of 

potentially suitable habitat. Like all empirical models, the HSI approach assumes that that scale of data 

collection used to define the HSC matches the scale of the habitat mapping, and both are appropriate for 

the intended use. It sometimes is difficult to capture fish and habitat data at all scales of habitat use. In 

                                                      

1 For Keeyask HSI models, WUAs were calculated by summing the habitat suitable indices of each 25 m2 section of 

river. For example, if a 25 m2 section had an HSI of 0.5, then the weighted usable area of that section of river was 

25 m2 ha × 0.5 (= 12.5 m2). 
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particular, microhabitats are challenging to sample and may not be well represented by the model if the 

underlying data do not effectively capture the microhabitat. 

6D.2.2 FORAGING HABITAT SUITABILITY MODELS 

6D.2.2.1 Modelling Overview 

The first step in modelling habitat suitability for lake sturgeon foraging in the Keeyask area (Clark Lake to 

Gull Rapids) was to determine the range of habitats (as defined by substrate, water velocity, and water 

depth) in which sturgeon are generally found and the relative frequency of sturgeon within these habitats. 

This information was compiled from three sources: 1) gillnet capture data collected during Keeyask 

environmental studies; 2) gillnet capture data collected from the Winnipeg River, Manitoba, during 

gillnetting studies conducted for the Pointe du Bois GS Modernization Project; and 3) the scientific 

literature (Table 6D-1). These three data sets were examined separately for three life history stages and 

suitability criteria were assigned to the range of substrate, water velocity, and depth values for each life 

stage.  

Lake sturgeon life stages were assigned based on fish size as follows1: 

 YOY — ~150–200 mm long and approximately 3 months old based on capture in late summer/early 

fall. Data from the literature for younger fish were generally very limited, but were used if available. 

 Sub-adults — ~200–833 mm FL or ~1–15 y old (upper limit of age range estimated from data 

presented in Kooyman 1955 and Sopuck 1987). 

 Non-spawning adults — ≥ 834 mm FL. Only summer and fall captures of adult fish were considered 

because sexual maturity was not always evident for adult fish captured during spring. 

Suitability criteria ranged from 0–1, with a value of 1 assigned to the habitat in which sturgeon were most 

frequently captured or reported.  

The second step in habitat modelling was to use the suitability criteria in a GIS containing substrate, 

water velocity, and water depth information for the Keeyask area. The GIS divided the Keeyask area into 

pixels (each representing an area of 25 m2), assigned three suitability criteria to each pixel (one for depth, 

velocity, and substrate), and calculated the HSI of each pixel by multiplying together its three suitability 

criteria.  

                                                      

1 The size distinction between sub-adult (less than< 834 mm) and adult fish (greater than or equal to 834 mm) was 

adopted from lake sturgeon spawning at the Weir River (Holm et al. 2006) where a large number of fish can be 

captured in a smaller area over a short time period compared with the Keeyask area. This allows a greater number 

of lake sturgeon to be sexed by gamete extrusion providing a more representative dataset on fish size at maturity. It 

also corresponds well to the size of the smallest sexually mature fish (826 mm) captured in the study area during 

environmental studies. 
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Habitat in the Keeyask area was grouped into four HSI quartile intervals representing the varying degrees 

of habitat suitability. All HSI values were used to calculate the WUA for sub-adult and adult foraging 

habitat in the existing and post-Project environments. Because YOY have specific habitat requirements 

compared to older life stages, WUAs for YOY foraging habitat were calculated from the highest HSI 

quartile (0.75–1.0) to obtain a proxy for the actual area used within the suitable area. All HSI values from 

0–1 were used to calculate WUAs of sub-adult and adult foraging habitat. Changes in WUAs between the 

existing and post-Project environments were used to help assess the degree to which lake sturgeon 

foraging habitat would be altered by the Project.  

Areas of each HSI quartile were tabulated for 10 reaches within the Keeyask area (Map 6D-1) and 

mapped for the existing and post-Project environments for each life stage.  

6D.2.2.2 Data Compilation 

Data used to assign suitability criteria for foraging habitat are summarized in Table 6D-1. The majority of 

habitat data for Keeyask sturgeon capture sites was based on 5th, 50th, and 95th percentile shorelines. 

Habitat at each capture location was taken from the appropriate percentile based on a comparison of 

discharge at Kettle GS at the time of the capture to 5th, 25th, 50th, 75th, and 95th percentile flows in the 

Keeyask area. In situ measurements of depth, velocity, and substrate were used for Keeyask YOY where 

available (habitat data were collected at some of the gillnetting sites where YOY were captured during the 

fall 2008 gillnetting study). Multiple captures at the same site were each assigned a randomly generated 

Universal Transverse Mercator (UTM) coordinate within a 25 m radius of the gillnet set coordinates to 

better represent habitat in the vicinity of the gill net. Habitat information for Pointe du Bois sturgeon 

captures was obtained from a GIS that plotted the gillnet capture sites on maps of depth, modelled 

velocities, and substrate for a 95th percentile shoreline in the Pointe du Bois study area. 

Capture frequencies were plotted against depth, velocity, and substrate values for each life stage  

(i.e., YOY, sub-adult, and adult) and data set (i.e., Keeyask, Pointe du Bois, and literature values) to 

generate habitat frequency histograms. These histograms were then used to derive HSCs and their 

associated regression equations for modelling in the GIS. 

6D.2.2.3 Habitat frequency histograms and regression curves 

Habitat-frequency histograms were plotted for each habitat parameter and life stage to examine the range 

of substrates, depths, and velocities in which sturgeon are found, both within the Keeyask area and other 

water bodies. Each habitat parameter was divided into intervals along the x-axis of the histogram, with 

substrate having categorical intervals (e.g., silt, sand, gravel) and depth and velocity having continuous 

intervals (e.g., 0–0.049 m/s, 0.05–0.099 m/s). Capture frequencies at gillnet sites that corresponded to a 

particular depth, velocity, and substrate were converted to suitability criteria between 0 and 1 based on 

the highest catch frequency assuming a value of 1 and the rest of the capture frequencies calculated in 

proportion to the highest frequency (e.g., habitats with half the absolute catch of the site with the highest 

absolute catch would be assigned a value of 0.5). Information from the literature usually only consisted of 

the range of conditions in which sturgeon were found in the study (i.e., numbers of fish captured in 
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specific habitats were not available). Therefore, each interval within the range of depths, velocities, or 

substrates reported by the author was assigned a capture frequency of 1. Capture frequencies for each 

interval were then summed for all the scientific reports that documented the occurrence of sturgeon in 

that interval and scaled to values between 0 and 1. A few literature sources provided a description of 

velocities in which fish were captured rather than an actual value (e.g., ‗detectable current‘ or ‗strong 

current‘) and professional judgment was used to assign a value to this description (see comments in 

Table 6D-1). 

Curves were plotted based on the depth and velocity histograms to generate equations used to assign 

suitability criteria to pixels in the GIS. However, greater weight was usually given to local data when 

plotting the curves. For substrate-frequency histograms, substrates with the highest suitability criteria 

were assigned a value of 1 and remaining substrates were rated accordingly. Habitat-frequency histograms 

for depth, velocity, and substrate and corresponding polynomial regression curves are presented for each 

life stage in Figure 6D-1 to Figure 6D-9. Suitability criteria assigned to each substrate type in the 

histograms are summarized in Table 6D-2. Note that substrate was not included in development of the adult foraging 

habitat model due to the wide range of substrates over which adults are typically found. 

6D.2.4 SPAWNING HABITAT SUITABILITY MODEL  

Due to the small sturgeon population in the study area and the consequently low number of spawners in 

any given year, as well as practical and safety considerations in sampling sturgeon at the spawning 

locations, the HSI analysis for the Project is based on the HSI spawning model developed for the 

Winnipeg River as part of the Pointe du Bois Modernization Project. The HSI model was developed 

from spawning observations, studies of egg deposition, and from the available scientific literature 

(Table 6D-1).  

Habitat Suitability Criteria were identified for velocity, depth and substratum (Figure 6D-10 to Figure 

6D-12). Two additional variables were added to the HSI model to account for observations made during 

the egg deposition studies: 1) the direction of river flow; and 2) distance from the origin of white water 

and/or a hydraulic feature (OSc; Figure 6D-13). The direction of flow classified as unsuitable those areas 

with water movement in an upstream direction (i.e., back eddies) where sturgeon would need to face 

downstream to spawn. The distance to hydraulic feature was added to the model after eggs were only 

observed in a fraction of the habitat classified as suitable by a model employing velocity, substratum, 

depth and direction of flow. Available sturgeon egg data showed that 95% of the egg deposition occurred 

within 92 m downstream of the generating station or spillway rapids over a range of depths and several 

hard and clean substratum types (Figure 6D-13). The red line in Figure 6D-13 defines the equation used 

to model this variable. This pattern of egg deposition suggested that sturgeon may prefer to ascend to 

near the origin of the attractant flow and appear to use a relatively small fraction of suitable habitat.  

Spawning HSI values were divided into the same quartile intervals used to categorize foraging habitat (see 

Section 6D.2.2.1) and areas of each quartile interval were tabulated for 10 reaches in the Keeyask area 

from downstream of Clark Lake to Gull Rapids/Keeyask GS (Map 6D-1). HSI maps were produced for 

existing and Year 30 post-Project spawning habitat present scenarios at the 95th percentile inflow, and 
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95th percentile inflow at full supply level (159 m ASL), respectively. The HSI spawning habitat maps were 

not shown using quartile categories, as done for the life stages in the preceding sections, but instead are 

shown using a color gradient. This gradient of HSI values result from the 5th variable, i.e. OSc, which 

weights the model as a continuous variable in the direction of downstream flow.  The WUA derived from 

the spawning model used HSI values between 0.25 and 1.0 for the existing and Year 30 post-Project 

environments. This range is different than that used for YOY foraging habitat (0.75–1.0) because the 

spawning model is mathematically different (e.g., an HSI of 0.5 in the spawning model is not the same 

―value‖ as the same number in a model for a different life stage), and is considered stronger given it 

benefits from empirical data that weights the suitable area based on empirical data on egg distribution, 

which is not possible with the three-variable foraging models. Changes in WUAs between the existing 

and post-Project environments were used to help assess the degree to which lake sturgeon spawning 

habitat would be altered by the Project. 

6D.3 RESULTS 

HSI maps for the existing and post-Project environments are presented and discussed within the main 

document (Section 6). However, the actual values discussed (HSI quartile areas/weighted usable areas) 

are presented by reach in Table 6D-3 to Table 6D-26. The boundaries of each reach are shown in Map 

6D-1.  

Depth and velocity data used in the HSI models were derived from hydraulic models developed by 

Manitoba Hydro; the use of slightly different input flows for the existing and post-Project environments 

resulted in small (less than 1 ha) differences in existing and post-Project conditions even where there 

were no Project effects (i.e., Reach 2A and to a lesser extent, Reach 2B; Map 6D-1). However, such small 

variations fall within the uncertainty of the models, and do not obscure their overall intent, which is to 

identify the general areas of habitat pre- and post-Project. 

Drafting note: HSI analysis for the downstream reaches (i.e., below Gull Rapids/Keeyask GS) is pending 

consultation with project engineers regarding extension of the post-Project water regime into Stephens 

Lake. This analysis will consider the following: 

 Placement of a constructed spawning structure for lake sturgeon in the tailrace of the Keeyask GS; 

 Various Keeyask GS operating regimes. 
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Table 6D-1: Data used to develop suitability criteria for lake sturgeon spawning and foraging (young-of-the-year, sub-adult, and adult) habitat 

Habitat 

(Life Stage) 
Data Source Location Depth (m) Velocity (m/s) Substrate Comments 

Spawning (Adult) Luther Aadland (pers. comm. 2006) Little Fork River, MN and Rapid 

River, MN 

0.61–1.83 0–1.22 Cobble/Rubble, Boulder, 

Bedrock 

Bedrock substrate at Dead Man Falls, on the Rapid River, MN 

 Hay-Chmielewski and Whelan (1997) Michigan and Wisconsin (various 

locations) 

0.31–3.05 0.91+ (average) Cobble, Boulder, Fractured 

Bedrock 

Other researchers in Michigan and Wisconsin have characterized spawning 

habitat as having mean column velocities over 3 feet/s, depths from 1–

10 feet, and clean substrates composed of cobble, boulder and fractured 

bedrock (Auer 1990; T. Thuemler pers. comm; both cited in Hay-

Chmielewski and Whelan 1997) 

 Manny and Kennedy (2002) St. Clair River, MI 6.0– 0.0 0.35–0.98 Gravel, Cobble, Coal Cinders - 

 LaHaye et al. (1992) Des Prairies River, QC 0.10–1.58 0.02–1.09 Gravel, Cobble, Boulder - 

 LaHaye et al. (1992) L'Assomption River, QC 0.25–0.85 0.40–1.39 Gravel, Cobble, Boulder - 

 LaHaye et al. (2003) St. Lawrence River (Lachine 

Rapids), QC 

1.4–3.0 1.07–2.01 Gravel, Cobble, Boulder - 

 Hayes (2000) St. Lawrence River and Grasse 

River, NY 

5.5–8.0 0.41–1.50 N/A - 

 Verdon and Gendron (1991) Des Prairies River, QC <2 0.40–1.25 Gravel, Cobble, Boulder - 

 Dumont et al. (2006) St. Lawrence River, QC 0.10–6.0 0.10–1.90 Gravel, Cobble, Boulder - 

 Verdon Presentation - Hydro Quebec St. Maurice River, QC N/A 0.60–1.36 Gravel, Cobble, Boulder Values represent the full range at 0 and 294 cms spill flows 

 Environnment Illimité Inc. (2004) Eastmain and Opinaca rivers, QC 0.40–1.25 0.2–1.1 Gravel, Cobble, Boulder, 

Bedrock 

Document consulted was summary of information presented in 

Environnment Illimité Inc. (2004) 

 McKinley et al. (1998) Mattagami River (Cypress Falls), 

ON 

<2.5 0.51–1.50 Cobble, Boulder, Bedrock Bedrock substrate represents the parent material at hydraulic control points 

such as constrictions, rapids, or falls. 

 Sandilands (1987) Kenogami River, ON 0.5–2.0 0.11–0.70 Gravel, Cobble, Boulder, 

Bedrock 

Bedrock substrate represents the parent material at hydraulic control points 

such as constrictions, rapids, or falls. 

 Various Michigan <5 0.51–1.30 Gravel, Cobble, Boulder - 

 Pointe du Bois GS environmental studies (2007–10) Winnipeg River, Manitoba 1.0–8.5 0.3–1.2 Gravel, Cobble, Boulder, 

Bedrock 

- 

Foraging  

(young-of-the-year) 

Benson et al. (2005) Lower Peshtigo River, Wisconsin 0.56–1.3 (median) 0.29–0.33 (median) Sand - 

 Friday (2006) Kaministiquia River, Ontario 0.2–0.55 - Fine to coarse sand substrates - 

 Holtgren and Auer (2004) Sturgeon River, Michigan 0.3–0.5 0.39–0.48 Pea gravel or pea gravel/sand - 

 Kempinger (1996) Wolf River/Lake Winnebago, 

Wisconsin 

< 0.75 Detectable current Coarse Sand/Pea Gravel We assigned the Keeyask existing environment ‘low velocity’ classification 

scheme (0.2–0.5 m/s) to represent ‘detectable current’. 

 Smith and King (2005) Upper Black River, Michigan - - Sand - 
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AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-12 

Table 6D-1: Data used to develop suitability criteria for lake sturgeon spawning and foraging (young-of-the-year, sub-adult, and adult) habitat 

Habitat 

(Life Stage) 
Data Source Location Depth (m) Velocity (m/s) Substrate Comments 

Foraging  

(young-of-the-year) 

C. Barth (pers. comm.2009) Winnipeg River between Seven 

Sisters and Slave Falls GS, 

Manitoba 

- - Silt/clay, sand, sand/gravel - 

 Pointe du Bois GS environmental studies (2006–08) Winnipeg River between Pointe du 

Bois GS and Slave Falls GS, 

Manitoba 

16.7–39.0 0.15–0.23 Sand or sand/gravel Ranges shown are for 95th percentile depths and modelled velocities at 

gillnet capture sites (17 captures) 

  Keeyask GS environmental studies (fall 2008 and fall 

2009) 

Nelson River in Gull Lake and 

between Gull Rapids and Stephens 

Lake, Manitoba 

7.2–18.3 0.40–0.68 Sand, cobble/boulder Based on 17 captures. We used in situ measurements where available and 

for remaining fish, GIS randomly assigned a UTM coordinate within a 25 m 

radius of the site in an attempt to give each fish a unique depth, velocity, 

and substrate value. 5th, 25th, 50th, 75th, or 95th modelled depths and 

velocities were assigned based on the Split Lake outflow at the time of 

capture and the closest modelled Keeyask inflow. 

Foraging (Sub-adult) Lord (2007) St. Clair River (Canada/U.S. border) Exceeded 9 m (95% 

of time); 12–18 m  

(44% of time) 

- Gravel - 

 Smith and King (2005) Black River/Black Lake, Michigan 1.5 and 12.2–13.7 m 

depth contours for 

yearlings; 5.4–13.4 m 

for juveniles 

- yearlings -organic and sand 

substrates; juveniles - organic, 

sand, and sand/organic 

- 

 Holtgren and Auer (2004) Portage Lake, Michigan 4–17 - - - 

 Chiasson et al. (1997) Mattagami and Groundhog rivers, 

Ontario 

- - Substrate dominated by sand 

and clay 

- 

 Werner and Hayes (2005) St. Lawrence River (Canada/U.S. 

border) 

- - Silt, random boulders, and 

cobble 

- 

 Environment Illimité Inc. (2003) Rupert River, Quebec 6–8 0.38–0.45 Sand - 

 Haynes et al. (In Review)/Hughes (2002) Niagara River, New York 12 0.24 Sand - 

 Threader et al. (1998) Author developed HSI model using 

data from several locations 

1–14 0–0.74 Silt, sand, gravel, cobble, 

boulder, clay, bedrock 

Author assigned suitability indices to ranges shown to develop model for 

juvenile and adult lake sturgeon foraging habitat. 

 Pointe du Bois GS environmental studies (2006–08) Winnipeg River below Slave Falls 

GS; Winnipeg River between Pointe 

du Bois GS and Slave Falls GS, 

Manitoba 

0.21–42.2 0 – ≥ 1.5 Sand/gravel, sand, silt/clay, 

bedrock, organic/ deposition, 

boulder, bedrock/cobble, 

gravel 

Ranges shown are for 95th percentile depths and modelled velocities at 

gillnet capture sites (973 captures) 

 Keeyask GS envrironmental studies (2001–08) Nelson River between Clark Lake 

and Kettle GS, Manitoba 

0.2–19.0 0 – ≥ 1.5 Gravel/cobble/boulder, sand, 

cobble/boulder,  silt/clay, 

gravel, 

cobble/boulder/bedrock, 

cobble/gravel, clay, silt 

Based on 236 captures. For each fish, GIS randomly assigned a UTM 

coordinate within a 25 m radius of the site in an attempt to give each fish a 

unique depth, velocity, and substrate value. 5th, 25th, 50th, 75th, or 95th 

modelled depths and velocities were assigned based on the Split Lake 

outflow at the time of capture and the closest modelled Keeyask inflow. 
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AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-13 

Table 6D-1: Data used to develop suitability criteria for lake sturgeon spawning and foraging (young-of-the-year, sub-adult, and adult) habitat 

Habitat 

(Life Stage) 
Data Source Location Depth (m) Velocity (m/s) Substrate Comments 

Foraging (Adult) Seyler (1997) Groundhog River, Ontario 1–7 0–0.64 Sand/organic, rubble, 

sand/gravel, gravel, organic, 

sand, clay, bedrock 

Author assigned suitability indices from 0.1–1.0 to ranges shown to develop 

model for adult lake sturgeon foraging habitat. 

 Haugen (1969) Saskatachewan River, Alberta 2–8 < 0.8 Sand/silt 82% of sturgeon captured where substrate had high percentage of sand/silt 

 Block (2001) Round Lake & Winnipeg River, 

Manitoba 

7–10 Areas of stronger 

current 

Sand Author reported fish as being situated near inlet and outlet of lake where 

flows were greater. We assigned values (0.5-1 m/s) from lower end of the 

Keeyask existing environment ‘moderate velocity’ classification scheme 

(0.5-1.5 m/s). 

 Hay-Chmielewski (1987) Black Lake, Michigan 6–8 m and 10–11 m - Mud, sand, or sandy mud - 

 Threader et al. (1998) Habitat Suitability Index (data from 

several locations) 

- - Silt, sand, gravel, cobble, 

boulder 

Author assigned suitability indices from 0.2–1.0 to ranges shown to develop 

model for juvenile and adult lake sturgeon foraging habitat. 

 Haynes et al. (In Review)/Hughes (2002) Lower Niagara River/Lake Ontario 10 0.36 Sand - 

 Pointe du Bois GS environmental studies (2006–08) Winnipeg River below Slave Falls 

GS; Winnipeg River between Pointe 

du Bois GS and Slave Falls GS, 

Manitoba 

0.34–34.0 0 – ≥ 1.5 Bedrock, sand, sand/gravel, 

silt/clay, boulder, 

bedrock/cobble, 

bedrock/boulder 

Based on 80 captures. Ranges shown are for 95th percentile modelled 

conditions at gillnet capture sites. 

  Keeyask GS environmental studies (2001–08) Nelson River between Clark Lake 

and Kettle GS, Manitoba 

0.2–14.0 0 – ≥ 1.5 Cobble/boulder, 

gravel/cobble/boulder,  

cobble/boulder/bedrock, 

silt/clay, clay, sand, bedrock, 

silt 

Based on 92 captures. Each fish was randomly assigned a UTM coordinate 

within a 25 m radius of its capture site in an attempt to give each fish a 

unique depth, velocity, and substrate value. 5th, 25th, 50th, 75th, or 95th 

modelled depths and velocities were assigned based on the Split Lake 

outflow at the time of capture and the closest modelled Keeyask inflow. 
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AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-14 

Table 6D-2: Substrate suitability criteria for young-of-the-year (YOY) and sub-adult 

lake sturgeon foraging habitat models 

Substrate 
Life Stage 

YOY Sub-Adult 

Fines (silt, clay) 0.3 0.3 

Deposition Over Silt/Clay  0.3 0.3 

Sand 1.0 1.0 

Deposition Over Sand 0.3 0.3 

Sand/Gravel 1.0 1.0 

Gravel 0.3 1.0 

Cobble  0.0 0.6 

Deposition/Gravel/Cobble  0.3 0.3 

Gravel/Cobble/Boulder  0.1 0.6 

Cobble/Boulder 0.0 0.6 

Cobble/Boulder/Bedrock  0.0 0.2 

Boulder 0.0 0.6 

Bedrock 0.0 0.2 

Bedrock/Boulder/Cobble 0.0 0.2 

1 Due to the wide range of substrates over which adults are generally found this variable was not included in the adult 
foraging habitat model. 
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AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-15 

Table 6D-3: Lake sturgeon 5th percentile spawning habitat areas in hectares, by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to downstream 

of Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 144.0 166.6 246.4 210.9 625.3 1518.3 613.6 332.2 3857.3 233.2 105.4 562.1 791.0 1691.6 5548.9 

0.001 – <0.25 Low 37.2 16.1 0.0 54.7 0.0 0.0 0.0 0.0 108.0 50.7 72.6 0.0 0.0 123.3 231.3 

0.25 – <0.5 Moderate 3.4 1.0 0.0 4.1 0.0 0.0 0.0 0.0 8.5 2.5 12.4 0.0 0.0 14.9 23.5 

0.5 – <0.75 High 1.4 0.3 0.0 1.2 0.0 0.0 0.0 0.0 2.9 1.4 4.5 0.0 0.0 5.9 8.8 

0.75 – 1 Very High 0.5 0.2 0.0 0.3 0.0 0.0 0.0 0.0 1.0 0.1 0.3 0.0 0.0 0.4 1.3 

Total Wetted Area   186.6 184.2 246.4 271.2 625.3 1518.3 613.6 332.2 3977.7 287.9 195.2 562.1 791.0 1836.1 5813.8 

Total Suitable Area (0.001–1)   42.5 17.6 0.0 60.3 0.0 0.0 0.0 0.0 120.4 54.7 89.8 0.0 0.0 144.5 264.9 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 144.4 169.5 259.9 320.3 945.1 4134.6 1381.6 1214.1 752.8 9322.4 61.5 562.9 792.4 1416.8 10739.2 

0.001 – <0.25 Low 37.2 16.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 54.1 21.8 0.0 0.0 21.8 76.0 

0.25 – <0.5 Moderate 3.7 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.6 1.5 0.0 0.0 1.5 7.1 

0.5 – <0.75 High 1.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.1 0.0 0.0 0.1 2.1 

0.75 – 1 Very High 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.9 

Total Wetted Area   187.2 189.4 259.9 320.3 945.1 4134.6 1381.6 1214.1 752.8 9385.0 84.9 562.9 792.4 1440.2 10825.2 

Total Suitable Area (0.001–1)   42.7 19.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 62.6 23.4 0.0 0.0 23.4 86.0 

1. Location of reaches outlined in Map 6D-1. 
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AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-16 

Table 6D-4: Lake sturgeon 5th percentile spawning weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark 

Lake to downstream of Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids 
Downstream of 

Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 2.5 1.1 0.0 2.5 0.0 0.0 0.0 0.0 6.1 3.0 5.9 0.0 0.0 8.9 15.0 

WUA 0.25 – <0.5 Moderate 1.2 0.4 0.0 1.2 0.0 0.0 0.0 0.0 2.8 0.9 4.4 0.0 0.0 5.3 8.0 

WUA 0.5 – <0.75 High 0.9 0.2 0.0 0.9 0.0 0.0 0.0 0.0 1.9 0.9 2.7 0.0 0.0 3.5 5.4 

WUA 0.75 – 1 Very High 0.4 0.1 0.0 0.4 0.0 0.0 0.0 0.0 1.0 0.1 0.2 0.0 0.0 0.3 1.3 

Total WUA (0.001–1)   5.0 1.7 0.0 5.0 0.0 0.0 0.0 0.0 11.8 4.8 13.2 0.0 0.0 18.0 29.8 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream  

Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 2.5 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.7 2.0 0.0 0.0 2.0 5.7 

WUA 0.25 – <0.5 Moderate 1.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.4 0.0 0.0 0.4 2.4 

WUA 0.5 – <0.75 High 0.8 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.1 0.0 0.0 0.1 1.3 

WUA 0.75 – 1 Very High 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.7 

Total WUA (0.001–1)   5.1 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.6 2.5 0.0 0.0 2.5 10.1 

1. Location of reaches outlined in Map 6D-1. 
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AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-17 

Table 6D-5: Lake sturgeon 50th percentile spawning habitat areas in hectares, by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to 

downstream of Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids 
Downstream of 

Gull Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 154.0 173.7 257.0 230.8 676.2 1687.1 676.9 401.7 4257.4 230.2 107.2 562.1 791.0 1690.4 5947.9 

0.001 – <0.25 Low 33.3 15.4 0.0 58.8 0.0 0.0 0.0 0.0 107.6 53.6 77.3 0.0 0.0 130.9 238.5 

0.25 – <0.5 Moderate 2.5 1.3 0.0 2.9 0.0 0.0 0.0 0.0 6.7 3.0 8.8 0.0 0.0 11.8 18.4 

0.5 – <0.75 High 1.0 0.4 0.0 0.5 0.0 0.0 0.0 0.0 2.0 1.0 1.9 0.0 0.0 2.9 4.9 

0.75 – 1 Very High 0.5 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.8 0.1 0.1 0.0 0.0 0.1 0.9 

Total Wetted Area   191.3 190.9 257.0 293.3 676.2 1687.1 676.9 401.7 4374.4 287.9 195.2 562.1 791.0 1836.1 6210.5 

Total Suitable Area (0.001–1)   37.3 17.3 0.0 62.4 0.0 0.0 0.0 0.0 117.0 57.6 88.0 0.0 0.0 145.7 262.6 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 154.0 175.7 265.7 322.9 953.6 4134.3 1382.2 1213.9 752.8 9355.1 64.3 562.9 792.4 1419.6 10774.7 

0.001 – <0.25 Low 34.3 16.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.4 19.7 0.0 0.0 19.7 70.1 

0.25 – <0.5 Moderate 2.5 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.5 0.7 0.0 0.0 0.7 5.2 

0.5 – <0.75 High 1.1 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.1 0.0 0.0 0.1 1.8 

0.75 – 1 Very High 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.8 

Total Wetted Area   192.4 194.6 265.7 322.9 953.6 4134.3 1382.2 1213.9 752.8 9412.4 84.9 562.9 792.4 1440.2 10852.6 

Total Suitable Area (0.001–1)   38.4 18.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 57.3 20.6 0.0 0.0 20.6 77.9 

1. Location of reaches outlined in Map 6D-1. 
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AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-18 

Table 6D-6: Lake sturgeon 50th percentile spawning weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark 

Lake to downstream of Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids 
Downstream of 

Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 2.0 1.0 0.0 3.4 0.0 0.0 0.0 0.0 6.3 3.0 5.9 0.0 0.0 8.9 15.1 

WUA 0.25 – <0.5 Moderate 0.9 0.4 0.0 1.0 0.0 0.0 0.0 0.0 2.3 1.0 3.0 0.0 0.0 4.0 6.3 

WUA 0.5 – <0.75 High 0.6 0.3 0.0 0.3 0.0 0.0 0.0 0.0 1.2 0.6 1.1 0.0 0.0 1.7 2.9 

WUA 0.75 – 1 Very High 0.4 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.1 0.7 

Total WUA (0.001–1)   3.8 1.8 0.0 4.8 0.0 0.0 0.0 0.0 10.4 4.7 10.0 0.0 0.0 14.7 25.1 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reac 
2A 

Reac 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 1.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 1.2 0.0 0.0 1.2 4.3 

WUA 0.25 – <0.5 Moderate 0.9 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.2 0.0 0.0 0.2 1.8 

WUA 0.5 – <0.75 High 0.7 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.1 0.0 0.0 0.1 1.1 

WUA 0.75 – 1 Very High 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.7 

Total WUA (0.001–1)   3.9 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.3 1.5 0.0 0.0 1.5 7.8 

1. Location of reaches outlined in Map 6D-1. 
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AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-19 

Table 6D-7: Lake sturgeon 95th percentile spawning habitat areas in hectares, by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to 

downstream of Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 166.3 182.6 267.8 253.4 747.9 1806.5 704.6 427.1 4556.1 229.7 118.2 562.1 791.0 1700.9 6257.1 

0.001 – <0.25 Low 30.4 12.5 0.0 48.8 0.0 0.0 0.0 0.0 91.7 54.2 67.1 0.0 0.0 121.3 213.0 

0.25 – <0.5 Moderate 2.0 1.7 0.0 3.1 0.0 0.0 0.0 0.0 6.8 3.3 8.6 0.0 0.0 11.9 18.7 

0.5 – <0.75 High 0.8 0.6 0.0 0.6 0.0 0.0 0.0 0.0 2.0 0.7 1.2 0.0 0.0 2.0 3.9 

0.75 – 1 Very High 0.3 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.6 

Total Wetted Area   199.7 197.6 267.8 306.0 747.9 1806.5 704.6 427.1 4657.1 287.9 195.2 562.1 791.0 1836.1 6493.2 

Total Suitable Area (0.001–1)   33.4 15.0 0.0 52.6 0.0 0.0 0.0 0.0 101.0 58.2 77.0 0.0 0.0 135.2 236.2 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 166.4 182.0 273.4 327.0 968.2 4133.0 1382.1 1213.6 752.8 9398.5 48.4 562.9 792.4 1403.7 10802.2 

0.001 – <0.25 Low 30.0 13.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 43.2 29.1 0.0 0.0 29.1 72.3 

0.25 – <0.5 Moderate 2.0 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 5.6 0.0 0.0 5.6 9.8 

0.5 – <0.75 High 0.8 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.7 0.0 0.0 1.7 3.4 

0.75 – 1 Very High 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.1 0.0 0.0 0.1 0.9 

Total Wetted Area   199.5 198.8 273.4 327.0 968.2 4133.0 1382.1 1213.6 752.8 9448.3 84.9 562.9 792.4 1440.2 10888.5 

Total Suitable Area (0.001–1)   33.1 16.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 49.9 36.5 0.0 0.0 36.5 86.3 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-20 

Table 6D-8: Lake sturgeon 95th percentile spawning weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark 

Lake to downstream of Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 1.3 0.8 0.0 3.2 0.0 0.0 0.0 0.0 5.3 3.6 4.6 0.0 0.0 8.2 13.4 

WUA 0.25 – <0.5 Moderate 0.7 0.6 0.0 1.0 0.0 0.0 0.0 0.0 2.3 1.1 3.0 0.0 0.0 4.1 6.4 

WUA 0.5 – <0.75 High 0.5 0.3 0.0 0.4 0.0 0.0 0.0 0.0 1.2 0.4 0.7 0.0 0.0 1.1 2.3 

WUA 0.75 – 1 Very High 0.2 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.5 

Total WUA (0.001–1)   2.7 1.8 0.0 4.7 0.0 0.0 0.0 0.0 9.2 5.1 8.3 0.0 0.0 13.4 22.6 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 1.3 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 2.6 0.0 0.0 2.6 4.7 

WUA 0.25 – <0.5 Moderate 0.7 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 2.0 0.0 0.0 2.0 3.4 

WUA 0.5 – <0.75 High 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 1.0 0.0 0.0 1.0 2.1 

WUA 0.75 – 1 Very High 0.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.1 0.0 0.0 0.1 0.7 

Total WUA (0.001–1)   2.8 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.3 5.6 0.0 0.0 5.6 11.0 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-21 

Table 6D-9: Young-of-the-year lake sturgeon 5th percentile foraging (rearing) habitat areas  (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments 

from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids 
Downstream of Gull 

Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 79.2 30.1 4.5 27.9 8.2 83.2 13.8 25.3 272.1 284.9 154.1 80.4 200.9 720.3 992.4 

0.001 – <0.25 Low 107.3 154.1 238.6 243.3 617.2 1421.6 597.9 209.8 3589.7 3.0 41.1 463.0 553.8 1060.9 4650.7 

0.25 – <0.5 Moderate 0.1 0.0 1.5 0.0 0.0 13.2 1.6 23.6 40.0 0.0 0.0 18.7 14.0 32.7 72.7 

0.5 – <0.75 High 0.0 0.0 0.5 0.0 0.0 0.2 0.3 38.8 39.8 0.0 0.0 0.0 20.7 20.7 60.5 

0.75 – 1 Very High 0.0 0.0 1.2 0.0 0.0 0.0 0.0 34.7 36.0 0.0 0.0 0.0 1.5 1.5 37.5 

Total Wetted Area   186.6 184.2 246.4 271.2 625.3 1518.3 613.6 332.2 3977.7 287.9 195.2 562.1 791.0 1836.1 5813.8 

Total Suitable Area (0.001–1)   107.4 154.1 241.9 243.3 617.2 1435.1 599.8 306.9 3705.6 3.0 41.1 481.7 590.0 1115.9 4821.4 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 81.6 20.1 0.9 1.7 132.3 758.5 49.2 337.0 303.4 1684.6 43.3 12.7 201.1 257.1 1941.7 

0.001 – <0.25 Low 105.5 169.2 259.1 318.6 812.0 3368.4 1298.9 862.9 454.6 7649.2 41.6 524.4 541.3 1107.3 8756.5 

0.25 – <0.5 Moderate 0.0 0.0 0.0 0.0 0.8 8.8 32.1 0.7 2.8 45.3 0.0 25.8 25.6 51.4 96.6 

0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.0 0.0 3.7 2.9 0.1 6.7 0.0 0.0 17.5 17.5 24.2 

0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 1.8 10.5 0.5 12.9 0.0 0.0 6.9 6.9 19.8 

Total Wetted Area   187.2 189.4 259.9 320.3 945.1 4134.6 1381.6 1214.1 752.8 9385.0 84.9 562.9 792.4 1440.2 10825.2 

Total Suitable Area (0.001–1)   105.6 169.2 259.1 318.6 812.8 3377.2 1336.5 877.1 458.0 7714.1 41.6 550.2 591.3 1183.1 8897.2 

1. Location of reaches outlined in Map 6D-1. 

 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-22 

Table 6D-10: Young-of-the-year lake sturgeon 5th percentile foraging (rearing) weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project 

environments from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 0.5 0.4 5.0 1.3 6.8 90.7 26.9 5.4 137.0 0.0 1.5 30.4 28.4 60.3 197.4 

WUA 0.25 – <0.5 Moderate 0.0 0.0 0.6 0.0 0.0 3.4 0.5 9.1 13.6 0.0 0.0 4.7 5.3 9.9 23.5 

WUA 0.5 – <0.75 High 0.0 0.0 0.3 0.0 0.0 0.1 0.2 24.3 24.9 0.0 0.0 0.0 12.8 12.8 37.7 

WUA 0.75 – 1 Very High 0.0 0.0 1.1 0.0 0.0 0.0 0.0 30.8 31.9 0.0 0.0 0.0 1.2 1.2 33.2 

Total WUA (0.001–1)   0.5 0.4 7.0 1.3 6.8 94.3 27.7 69.6 207.5 0.0 1.5 35.0 47.7 84.3 291.8 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 0.5 0.7 9.2 12.6 62.0 182.8 86.0 31.1 32.3 417.3 1.5 31.2 30.7 63.4 480.8 

WUA 0.25 – <0.5 Moderate 0.0 0.0 0.0 0.0 0.2 2.2 8.3 0.3 0.7 11.8 0.0 6.5 8.4 14.8 26.6 

WUA 0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.0 0.0 2.3 1.9 0.1 4.3 0.0 0.0 10.7 10.7 15.0 

WUA 0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 1.6 9.6 0.5 11.7 0.0 0.0 5.7 5.7 17.3 

Total WUA (0.001–1)   0.5 0.7 9.2 12.6 62.3 185.0 98.2 42.9 33.6 445.0 1.5 37.6 55.5 94.7 539.7 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-23 

Table 6D-11: Young-of-the-year lake sturgeon 50th percentile foraging (rearing) habitat areas (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments 

from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 101.7 45.3 6.7 32.8 41.4 88.4 43.4 24.6 384.2 283.9 152.9 92.9 200.7 730.4 1114.7 

0.001 – <0.25 Low 89.4 145.6 247.3 260.5 634.9 1583.6 631.4 275.8 3868.4 3.9 42.3 434.1 487.7 968.1 4836.5 

0.25 – <0.5 Moderate 0.2 0.0 1.7 0.0 0.0 14.7 1.6 21.8 39.9 0.0 0.0 35.1 55.7 90.8 130.7 

0.5 – <0.75 High 0.0 0.0 0.8 0.0 0.0 0.4 0.4 35.0 36.6 0.0 0.0 0.0 8.2 8.2 44.8 

0.75 – 1 Very High 0.0 0.0 0.5 0.0 0.0 0.1 0.1 44.6 45.3 0.0 0.0 0.0 38.6 38.6 83.9 

Total Wetted Area   191.3 190.9 257.0 293.3 676.2 1687.1 676.9 401.7 4374.4 287.9 195.2 562.1 791.0 1836.1 6210.5 

Total Suitable Area (0.001–1)   89.5 145.6 250.3 260.5 634.9 1598.7 633.5 377.1 3990.2 3.9 42.3 469.2 590.2 1105.7 5095.8 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 101.4 33.6 3.3 5.2 136.4 746.4 42.8 323.0 302.0 1694.2 43.3 25.6 200.6 269.5 1963.7 

0.001 – <0.25 Low 90.9 160.9 262.4 317.7 816.0 3025.5 1186.3 861.6 369.9 7091.3 41.6 501.4 483.8 1026.8 8118.1 

0.25 – <0.5 Moderate 0.1 0.0 0.0 0.0 1.2 363.4 150.7 15.3 88.9 619.6 0.0 35.8 62.2 98.0 717.7 

0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.0 0.0 3.7 0.5 0.0 4.2 0.0 0.0 8.0 8.0 12.2 

0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 2.8 13.5 0.6 16.9 0.0 0.0 37.8 37.8 54.7 

Total Wetted Area   192.4 194.6 265.7 322.9 953.6 4134.3 1382.2 1213.9 752.8 9412.4 84.9 562.9 792.4 1440.2 10852.6 

Total Suitable Area (0.001–1)   91.0 160.9 262.4 317.7 817.3 3388.9 1343.5 890.9 459.4 7732.0 41.6 537.2 591.8 1170.7 8902.7 

1. Location of reaches outlined in Map 6D-1. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-24 

Table 6D-12: Young-of-the-year lake sturgeon 50th percentile foraging (rearing) weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project 

environments from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 0.5 0.5 4.4 2.0 7.0 93.9 25.2 9.5 142.8 0.1 1.3 29.6 33.5 64.5 207.3 

WUA 0.25 – <0.5 Moderate 0.0 0.0 0.7 0.0 0.0 3.8 0.5 8.4 13.4 0.0 0.0 8.8 14.5 23.2 36.6 

WUA 0.5 – <0.75 High 0.0 0.0 0.5 0.0 0.0 0.2 0.3 22.2 23.1 0.0 0.0 0.0 5.2 5.2 28.4 

WUA 0.75 – 1 Very High 0.0 0.0 0.5 0.0 0.0 0.1 0.1 40.3 40.9 0.0 0.0 0.0 37.5 37.5 78.4 

Total WUA (0.001–1)   0.6 0.5 5.9 2.0 7.0 97.9 26.1 80.3 220.3 0.1 1.3 38.4 90.7 130.4 350.7 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 0.5 0.6 5.9 8.5 41.4 163.0 84.7 45.1 24.6 374.3 1.3 28.9 35.8 66.0 440.3 

WUA 0.25 – <0.5 Moderate 0.0 0.0 0.0 0.0 0.4 90.8 37.9 3.9 22.2 155.2 0.0 9.0 16.3 25.2 180.5 

WUA 0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.0 0.0 2.5 0.3 0.0 2.8 0.0 0.0 5.1 5.1 7.8 

WUA 0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 2.4 12.9 0.6 15.9 0.0 0.0 36.7 36.7 52.6 

Total WUA (0.001–1)   0.5 0.6 5.9 8.5 41.8 253.9 127.4 62.2 47.4 548.2 1.3 37.8 93.8 133.0 681.2 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-25 

Table 6D-13: Young-of-the-year lake sturgeon 95th percentile foraging (rearing) habitat areas (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments 

from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 129.8 59.5 10.2 43.6 106.1 129.6 39.3 15.1 533.1 281.8 150.4 90.5 200.3 723.1 1256.2 

0.001 – <0.25 Low 69.6 138.1 251.1 262.4 641.8 1667.3 663.6 323.7 4017.6 6.0 44.8 444.5 381.6 876.8 4894.4 

0.25 – <0.5 Moderate 0.3 0.0 5.2 0.0 0.0 8.6 1.7 25.7 41.5 0.0 0.0 27.0 158.8 185.9 227.4 

0.5 – <0.75 High 0.0 0.0 1.3 0.0 0.0 0.8 0.0 18.9 21.0 0.0 0.0 0.0 0.0 0.0 21.0 

0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.2 0.0 43.7 43.9 0.0 0.0 0.0 50.3 50.3 94.2 

Total Wetted Area   199.7 197.6 267.8 306.0 747.9 1806.5 704.6 427.1 4657.1 287.9 195.2 562.1 791.0 1836.1 6493.2 

Total Suitable Area (0.001–1)   69.9 138.1 257.6 262.4 641.8 1676.9 665.3 412.0 4124.0 6.0 44.8 471.6 590.7 1113.0 5237.0 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 128.2 46.0 5.3 8.8 124.3 623.8 40.0 285.5 301.0 1562.8 53.7 93.9 215.3 363.0 1925.8 

0.001 – <0.25 Low 71.0 152.8 268.1 318.2 841.7 2820.3 1114.6 816.0 317.9 6720.5 31.1 426.8 361.0 819.0 7539.4 

0.25 – <0.5 Moderate 0.4 0.0 0.0 0.0 2.3 689.9 225.1 98.1 142.0 1157.7 0.0 42.1 165.8 207.9 1365.6 

0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.0 0.0 3.6 0.4 0.0 4.0 0.0 0.0 0.8 0.8 4.8 

0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 3.0 13.6 0.6 17.2 0.0 0.0 49.5 49.5 66.7 

Total Wetted Area   199.5 198.8 273.4 327.0 968.2 4133.0 1382.1 1213.6 752.8 9448.3 84.9 562.9 792.4 1440.2 10888.5 

Total Suitable Area (0.001–1)   71.3 152.8 268.1 318.2 844.0 3510.2 1346.2 928.1 460.5 7899.3 31.1 468.9 577.1 1077.2 8976.5 

1. Location of reaches outlined in Map 6D-1. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-26 

Table 6D-14: Young-of-the-year lake sturgeon 95th percentile foraging (rearing) weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project 

environments from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids 
Gull Lake 

Upstream 
Total 

Gull Rapids Downstream of Gull Rapids 
Downstream 

Total 
Overall 
Total Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 0.5 0.5 3.1 2.5 8.1 77.0 21.5 17.6 130.9 0.2 1.2 26.8 32.3 60.5 191.4 

WUA 0.25 – <0.5 Moderate 0.1 0.0 1.9 0.0 0.0 2.2 0.5 9.2 13.8 0.0 0.0 6.8 39.7 46.5 60.3 

WUA 0.5 – <0.75 High 0.0 0.0 0.7 0.0 0.0 0.5 0.0 11.9 13.1 0.0 0.0 0.0 0.0 0.0 13.2 

WUA 0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.1 0.0 40.8 40.9 0.0 0.0 0.0 50.1 50.1 91.0 

Total WUA (0.001–1) 
 

0.6 0.5 5.7 2.5 8.1 79.8 22.0 79.5 198.8 0.2 1.2 33.6 122.1 157.1 355.9 

  
                

Year 30 Post-Project Environment 
                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids 
Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 
Downstream 

Total 
Overall 
Total Reach 

2A 
Reach 

2B 
Reach 

3 
Reach 

4 
Reach 

5 
Reach 

6 
Reach 

7 
Reach 

8 
Reach 

9A 
Reach 

9B 
Reach 

11 
Reach 

12 

WUA 0.001 – <0.25 Low 0.5 0.6 4.5 6.6 25.3 132.8 87.2 48.3 22.7 328.3 1.2 27.9 39.3 68.4 396.6 

WUA 0.25 – <0.5 Moderate 0.1 0.0 0.0 0.0 0.7 172.5 56.4 24.6 35.5 289.8 0.0 8.8 34.1 42.9 332.7 

WUA 0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.3 0.0 2.7 0.0 0.0 0.3 0.3 2.9 

WUA 0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 2.5 13.1 0.6 16.2 0.0 0.0 49.6 49.6 65.8 

Total WUA (0.001–1) 
 

0.6 0.6 4.5 6.6 26.0 305.3 148.5 86.2 58.8 636.9 1.2 36.7 123.3 161.2 798.1 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-27 

Table 6D-15: Sub-adult lake sturgeon 5th percentile foraging habitat areas (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to 

Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids 
Downstream of Gull 

Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 56.5 25.7 6.8 24.5 12.1 75.8 20.5 42.2 264.0 105.2 46.0 111.6 209.5 472.3 736.2 

0.001 – <0.25 Low 130.1 156.4 169.4 243.3 553.9 624.9 398.7 200.2 2477.0 181.1 143.7 206.5 59.3 590.5 3067.5 

0.25 – <0.5 Moderate 0.0 2.1 68.0 3.4 58.9 212.0 191.6 24.7 560.9 0.0 2.4 122.0 392.3 516.7 1077.6 

0.5 – <0.75 High 0.0 0.0 0.3 0.0 0.2 75.8 2.8 17.6 96.6 0.0 0.0 81.8 49.6 131.4 228.0 

0.75 – 1 Very High 0.0 0.0 1.8 0.0 0.1 529.7 0.1 47.5 579.3 0.0 0.0 38.9 78.6 117.4 696.7 

Total Wetted Area   186.6 184.2 246.4 271.2 625.3 1518.3 613.6 332.2 3977.7 287.9 195.2 562.1 791.0 1836.1 5813.8 

Total Suitable Area (0.001–1)   130.1 158.5 239.6 246.7 613.2 1442.5 593.1 290.0 3713.8 181.1 146.0 449.1 579.8 1356.0 5069.7 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 60.1 17.0 3.4 5.9 60.4 304.6 33.7 129.0 142.0 756.0 1.5 1.0 199.7 202.2 958.2 

0.001 – <0.25 Low 127.1 164.5 156.3 163.1 332.1 2134.7 645.4 665.4 362.0 4750.6 65.5 220.1 57.7 343.4 5093.9 

0.25 – <0.5 Moderate 0.0 7.9 100.2 151.3 552.7 1696.4 698.5 405.9 256.7 3869.5 17.8 232.1 418.4 668.3 4537.8 

0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.0 0.0 3.2 0.2 0.1 3.6 0.0 71.6 33.8 105.5 109.1 

0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 4.8 13.7 0.6 19.1 0.0 38.0 82.8 120.8 139.9 

Total Wetted Area   187.2 189.4 259.9 320.3 945.1 4134.6 1381.6 1214.1 752.8 9385.0 84.9 562.9 792.4 1440.2 10825.2 

Total Suitable Area (0.001–1)   127.1 172.4 256.5 314.4 884.7 3831.1 1352.0 1085.1 619.4 8642.7 83.4 561.9 592.7 1238.0 9880.7 

1. Location of reaches outlined in Map 6D-1. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-28 

Table 6D-16:  Sub-adult lake sturgeon 5th percentile foraging weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from 

Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 3.2 6.6 13.6 15.2 45.5 58.8 29.1 10.0 181.9 5.9 8.5 24.9 4.8 44.2 226.1 

WUA 0.25 – <0.5 Moderate 0.0 0.6 20.1 0.9 16.9 77.4 57.2 9.0 182.2 0.0 5.9 46.2 127.7 179.8 362.0 

WUA 0.5 – <0.75 High 0.0 0.0 0.2 0.0 0.1 46.6 1.4 10.9 59.3 0.0 0.0 53.5 34.9 88.4 147.6 

WUA 0.75 – 1 Very High 0.0 0.0 1.8 0.0 0.1 517.7 0.1 46.2 565.9 0.0 0.0 32.9 61.0 93.9 659.8 

Total WUA (0.001–1)   3.2 7.2 35.7 16.1 62.7 700.6 87.7 76.1 989.3 5.9 14.5 157.5 228.4 406.3 1395.6 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 3.1 9.4 14.2 19.6 32.0 125.7 54.0 38.7 94.7 391.5 6.4 18.3 4.8 29.5 421.0 

WUA 0.25 – <0.5 Moderate 0.0 2.3 29.6 44.5 165.0 587.2 240.7 139.6 94.7 1303.6 5.2 69.5 134.2 208.9 1512.5 

WUA 0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.1 0.1 2.0 0.0 47.4 23.1 70.5 72.6 

WUA 0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 4.3 12.3 0.6 17.2 0.0 35.8 70.9 106.7 123.9 

Total WUA (0.001–1)   3.1 11.7 43.8 64.1 197.0 712.9 300.8 190.8 190.1 1714.4 11.6 171.0 233.0 415.6 2130.0 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-29 

Table 6D-17: Sub-adult lake sturgeon 50th percentile foraging habitat areas (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to 

Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 78.5 32.3 6.1 23.7 25.5 24.8 13.4 9.3 213.6 97.2 50.6 75.8 199.4 423.1 636.7 

0.001 – <0.25 Low 112.7 156.1 167.0 266.9 588.4 719.1 437.0 293.7 2740.9 190.6 131.8 212.8 57.1 592.4 3333.3 

0.25 – <0.5 Moderate 0.0 2.5 81.6 2.7 62.0 229.6 222.9 22.2 623.6 0.0 12.7 145.2 406.4 564.4 1188.0 

0.5 – <0.75 High 0.0 0.0 0.1 0.0 0.3 116.3 3.4 16.0 136.1 0.0 0.0 87.6 16.9 104.4 240.5 

0.75 – 1 Very High 0.0 0.0 2.1 0.0 0.1 597.3 0.2 60.6 660.3 0.0 0.0 40.7 111.1 151.8 812.1 

Total Wetted Area   191.3 190.9 257.0 293.3 676.2 1687.1 676.9 401.7 4374.4 287.9 195.2 562.1 791.0 1836.1 6210.5 

Total Suitable Area (0.001–1)   112.7 158.6 250.9 269.6 650.8 1662.3 663.4 392.4 4160.8 190.6 144.6 486.3 591.5 1413.0 5573.8 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 80.0 28.6 5.6 7.7 61.2 294.3 33.1 126.9 142.0 779.4 1.5 1.0 199.7 202.2 981.6 

0.001 – <0.25 Low 112.4 159.2 159.6 174.8 316.5 2128.0 629.5 660.9 359.2 4700.1 71.1 210.5 56.5 338.1 5038.1 

0.25 – <0.5 Moderate 0.0 6.8 100.5 140.5 575.8 1590.4 633.4 411.8 217.0 3676.2 12.3 235.8 419.3 667.4 4343.6 

0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.1 122.7 84.9 0.5 42.6 250.9 0.0 74.2 5.9 80.1 331.0 

0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 5.3 13.7 0.6 19.7 0.0 41.5 110.9 152.4 172.1 

Total Wetted Area   192.4 194.6 265.7 322.9 953.6 4134.3 1382.2 1213.9 752.8 9412.4 84.9 562.9 792.4 1440.2 10852.6 

Total Suitable Area (0.001–1)   112.4 166.0 260.1 315.2 892.4 3841.0 1353.2 1087.0 619.5 8646.9 83.4 561.9 592.7 1238.0 9884.8 

1. Location of reaches outlined in Map 6D-1. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-30 

Table 6D-18:  Sub-adult lake sturgeon 50th percentile foraging weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments 

from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 3.0 8.2 15.0 19.4 53.2 55.2 31.2 14.7 199.9 7.2 8.9 23.7 4.8 44.7 244.6 

WUA 0.25 – <0.5 Moderate 0.0 0.7 23.9 0.7 17.8 81.7 65.7 7.9 198.5 0.0 3.7 46.6 139.7 189.9 388.4 

WUA 0.5 – <0.75 High 0.0 0.0 0.1 0.0 0.1 73.5 1.7 9.7 85.1 0.0 0.0 58.6 10.8 69.4 154.6 

WUA 0.75 – 1 Very High 0.0 0.0 2.1 0.0 0.1 590.0 0.2 59.2 651.5 0.0 0.0 39.7 105.0 144.7 796.2 

Total WUA (0.001–1)   3.0 8.9 41.1 20.2 71.2 800.5 98.8 91.4 1135.0 7.2 12.6 168.6 260.3 448.7 1583.8 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 2.7 12.5 20.4 38.4 45.5 132.0 55.8 38.5 46.3 392.0 6.7 16.9 4.8 28.4 420.4 

WUA 0.25 – <0.5 Moderate 0.0 0.3 25.8 19.5 148.3 370.8 167.2 132.6 47.1 911.6 3.6 71.6 146.8 222.0 1133.5 

WUA 0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.4 329.8 121.9 43.8 68.0 563.9 0.0 50.2 4.2 54.4 618.3 

WUA 0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 5.4 13.7 0.6 19.8 0.0 40.5 105.3 145.8 165.6 

Total WUA (0.001–1)   2.7 12.8 46.1 57.9 194.2 832.6 350.2 228.7 162.0 1887.2 10.3 179.3 261.0 450.6 2337.8 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-31 

Table 6D-19: Sub-adult lake sturgeon 95th percentile foraging habitat areas (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to 

Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 115.2 48.8 10.2 32.6 70.7 26.4 9.4 8.5 321.7 87.8 68.3 75.8 199.4 431.3 752.9 

0.001 – <0.25 Low 84.5 148.5 182.7 267.8 617.0 719.4 472.8 307.2 2799.8 200.1 118.1 211.5 56.2 585.9 3385.7 

0.25 – <0.5 Moderate 0.1 0.3 71.4 5.7 59.7 220.9 218.7 24.0 600.8 0.0 8.8 133.3 375.4 517.4 1118.3 

0.5 – <0.75 High 0.0 0.0 1.4 0.0 0.3 130.0 3.3 13.8 148.9 0.0 0.0 94.0 40.1 134.1 283.0 

0.75 – 1 Very High 0.0 0.0 2.1 0.0 0.1 709.8 0.3 73.6 786.0 0.0 0.0 47.5 119.9 167.4 953.4 

Total Wetted Area   199.7 197.6 267.8 306.0 747.9 1806.5 704.6 427.1 4657.1 287.9 195.2 562.1 791.0 1836.1 6493.2 

Total Suitable Area (0.001–1)   84.5 148.8 257.6 273.4 677.1 1780.1 695.2 418.6 4335.5 200.1 126.9 486.3 591.5 1404.8 5740.3 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 112.8 44.5 7.6 12.2 32.6 274.4 32.3 122.8 141.8 780.9 1.7 0.9 199.7 202.4 983.3 

0.001 – <0.25 Low 86.6 153.0 175.4 246.4 431.2 2123.7 607.3 655.7 354.6 4834.0 71.9 209.0 55.5 336.4 5170.4 

0.25 – <0.5 Moderate 0.1 1.3 90.5 68.4 503.6 1076.3 497.6 333.7 128.6 2699.9 11.3 231.7 393.4 636.4 3336.3 

0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.8 659.6 243.4 87.6 135.9 1127.3 0.0 78.8 27.3 106.1 1233.4 

0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 5.6 13.8 0.6 20.0 0.0 42.5 116.5 158.9 178.9 

Total Wetted Area   199.5 198.8 273.4 327.0 968.2 4133.0 1382.1 1213.6 752.8 9448.3 84.9 562.9 792.4 1440.2 10888.5 

Total Suitable Area (0.001–1)   86.7 154.3 265.8 314.8 935.6 3859.6 1353.9 1090.8 619.7 8681.3 83.2 561.9 592.7 1237.8 9919.0 

1. Location of reaches outlined in Map 6D-1. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-32 

Table 6D-20:  Sub-adult lake sturgeon 95th percentile foraging weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments 

from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 2.6 9.8 20.4 21.0 57.1 53.1 42.9 19.5 226.5 8.3 6.9 23.9 4.9 44.0 270.5 

WUA 0.25 – <0.5 Moderate 0.0 0.1 20.0 1.6 17.1 78.6 64.1 8.3 189.8 0.0 2.6 41.2 141.9 185.6 375.4 

WUA 0.5 – <0.75 High 0.0 0.0 0.8 0.0 0.2 81.4 1.7 8.2 92.2 0.0 0.0 63.1 21.2 84.3 176.5 

WUA 0.75 – 1 Very High 0.0 0.0 2.0 0.0 0.1 699.8 0.3 72.4 774.7 0.0 0.0 46.1 118.4 164.5 939.2 

Total WUA (0.001–1)   2.6 9.9 43.2 22.6 74.4 912.9 109.0 108.5 1283.1 8.3 9.5 174.3 286.4 478.4 1761.5 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 2.7 12.5 20.4 38.4 45.5 132.0 55.8 38.5 47.1 392.8 6.3 17.1 4.8 28.3 421.1 

WUA 0.25 – <0.5 Moderate 0.0 0.3 25.8 19.5 148.3 370.8 167.2 132.6 47.1 911.6 3.3 72.6 150.2 226.1 1137.7 

WUA 0.5 – <0.75 High 0.0 0.0 0.0 0.0 0.4 329.8 121.9 43.8 68.0 563.9 0.0 54.0 13.7 67.7 631.5 

WUA 0.75 – 1 Very High 0.0 0.0 0.0 0.0 0.0 0.0 5.4 13.7 0.6 19.8 0.0 42.1 115.2 157.3 177.1 

Total WUA (0.001–1)   2.7 12.8 46.1 57.9 194.2 832.6 350.2 228.7 162.8 1888.0 9.7 185.9 283.9 479.4 2367.4 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-33 

Table 6D-21: Adult lake sturgeon 5th percentile foraging habitat areas (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to Gull 

Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 56.4 25.8 6.8 24.5 12.1 75.8 20.5 42.2 263.9 102.6 41.1 1.3 0.4 145.4 409.3 

0.001 – <0.25 Low 41.3 22.5 6.7 27.7 25.7 65.1 20.3 42.3 251.5 39.1 16.1 2.8 1.5 59.5 311.0 

0.25 – <0.5 Moderate 41.2 42.2 21.0 43.7 70.0 166.1 83.1 74.0 541.4 44.6 20.7 63.4 17.0 145.7 687.1 

0.5 – <0.75 High 29.9 54.3 40.7 90.8 171.1 135.5 45.5 39.2 607.0 39.4 30.0 286.0 682.7 1038.1 1645.1 

0.75 – 1 Very High 17.8 39.5 171.5 84.4 346.3 1076.0 444.2 134.2 2313.8 64.5 88.2 210.0 91.3 454.0 2767.7 

Total Wetted Area   186.6 184.2 246.4 271.2 625.3 1518.3 613.6 332.2 3977.7 287.9 195.2 562.1 791.0 1836.1 5813.8 

Total Suitable Area (0.001–1)   130.3 158.5 239.8 246.6 613.0 1442.6 593.1 289.7 3713.7 187.6 155.0 562.2 792.4 1697.2 5410.9 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 60.0 17.0 3.4 5.9 58.0 229.2 14.6 103.7 4.7 496.6 1.5 1.0 1.1 3.6 500.2 

0.001 – <0.25 Low 38.9 16.8 4.4 3.9 24.6 185.2 19.0 62.6 6.6 362.0 0.7 3.3 1.5 5.6 367.6 

0.25 – <0.5 Moderate 41.2 26.8 10.7 7.0 66.5 851.8 156.3 347.0 64.5 1571.7 4.7 61.5 16.8 83.0 1654.7 

0.5 – <0.75 High 28.7 43.7 26.5 29.6 165.6 1829.0 606.7 566.1 249.1 3545.1 25.6 278.0 670.7 974.2 4519.3 

0.75 – 1 Very High 18.3 85.1 214.9 274.0 630.5 1041.3 589.4 135.6 436.6 3425.5 52.6 219.8 102.7 375.1 3800.6 

Total Wetted Area   187.2 189.4 259.9 320.3 945.1 4134.6 1381.6 1214.1 752.8 9385.0 84.9 562.9 792.4 1440.2 10825.2 

Total Suitable Area (0.001–1)   127.1 172.3 256.5 314.4 887.3 3907.3 1371.4 1111.2 756.7 8904.3 83.5 562.6 791.8 1437.9 10342.2 

1. Location of reaches outlined in Map 6D-1. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-34 

Table 6D-22: Adult lake sturgeon 5th percentile foraging weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from 

Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 5.5 3.5 1.1 3.7 4.1 10.7 3.5 6.8 38.9 5.6 2.2 0.5 0.3 8.6 47.6 

WUA 0.25 – <0.5 Moderate 15.2 15.9 8.3 17.1 27.5 60.2 29.6 27.2 201.0 16.5 7.9 26.2 7.1 57.6 258.6 

WUA 0.5 – <0.75 High 18.2 34.1 26.0 57.6 109.3 84.0 28.6 23.2 381.1 24.8 18.9 164.8 409.4 617.9 999.0 

WUA 0.75 – 1 Very High 15.7 35.1 165.1 74.8 317.9 1049.2 432.1 131.0 2220.8 59.4 83.3 199.9 75.2 417.9 2638.7 

Total WUA (0.001–1)   54.6 88.6 200.5 153.2 458.8 1204.1 493.8 188.2 2841.9 106.3 112.3 391.4 492.0 1102.0 3943.8 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 5.1 2.5 0.7 0.6 4.1 31.0 3.2 10.4 24.0 81.6 0.1 0.7 0.3 1.1 82.7 

WUA 0.25 – <0.5 Moderate 15.1 9.9 4.2 2.7 24.0 323.1 61.9 123.1 24.0 588.0 1.9 25.2 6.9 34.1 622.1 

WUA 0.5 – <0.75 High 17.6 27.9 16.7 19.1 95.6 1057.7 376.7 341.8 155.0 2108.1 15.4 158.0 415.2 588.6 2696.7 

WUA 0.75 – 1 Very High 16.1 76.9 208.5 267.4 617.0 901.1 520.8 108.7 390.6 3107.2 49.0 212.1 86.3 347.4 3454.5 

Total WUA (0.001–1)   53.9 117.2 230.2 289.8 740.7 2312.9 962.6 584.0 593.6 5884.9 66.4 395.9 508.8 971.1 6856.0 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-35 

Table 6D-23: Adult lake sturgeon 50th percentile foraging habitat areas (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to Gull 

Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids 
Downstream of Gull 

Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 78.5 32.4 6.1 23.7 25.5 24.8 13.5 9.3 213.8 99.0 51.2 1.3 0.4 152.0 365.7 

0.001 – <0.25 Low 38.8 27.7 6.2 26.4 44.2 99.2 48.8 50.7 342.0 27.8 19.2 2.6 1.3 50.9 392.9 

0.25 – <0.5 Moderate 34.5 36.3 20.1 56.2 115.9 230.0 52.5 79.9 625.3 40.3 22.8 56.1 15.0 134.2 759.5 

0.5 – <0.75 High 22.9 48.6 40.6 94.1 182.8 144.9 81.8 95.5 711.2 44.7 35.9 254.4 531.3 866.4 1577.5 

0.75 – 1 Very High 16.8 45.9 184.2 92.9 307.8 1188.2 480.3 166.1 2482.2 78.4 66.9 249.1 244.8 639.2 3121.4 

Total Wetted Area   191.3 190.9 257.0 293.3 676.2 1687.1 676.9 401.7 4374.4 287.9 195.2 562.1 791.0 1836.1 6210.5 

Total Suitable Area (0.001–1)   113.0 158.6 251.1 269.5 650.6 1662.4 663.4 392.2 4160.7 191.2 144.9 562.2 792.4 1690.6 5851.3 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 80.0 28.6 5.6 7.9 58.9 221.5 14.2 102.5 5.0 524.2 1.7 4.9 3.0 9.6 533.8 

0.001 – <0.25 Low 37.5 19.8 4.2 4.6 26.4 181.2 17.8 61.5 6.3 359.4 6.3 8.1 3.3 17.7 377.1 

0.25 – <0.5 Moderate 33.8 25.3 10.8 11.1 68.7 813.6 126.6 342.7 59.9 1492.6 17.7 48.5 12.6 78.7 1571.3 

0.5 – <0.75 High 23.5 54.4 37.8 36.3 145.1 1613.4 499.8 442.4 185.5 3038.3 27.5 248.4 463.8 739.8 3778.1 

0.75 – 1 Very High 17.6 66.5 207.4 263.2 655.0 1310.6 728.6 266.7 505.0 4020.6 31.8 253.7 310.2 595.7 4616.3 

Total Wetted Area   187.2 189.4 259.9 320.3 945.1 4134.6 1381.6 1214.1 752.8 9385.0 84.9 562.9 792.4 1440.2 10825.2 

Total Suitable Area (0.001–1)   112.3 166.0 260.1 315.2 895.2 3918.8 1372.8 1113.4 756.8 8910.8 83.4 558.6 789.9 1431.9 10342.7 

1. Location of reaches outlined in Map 6D-1. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-36 

Table 6D-24: Adult lake sturgeon 50th percentile foraging weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from 

Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 4.8 3.8 1.0 3.7 6.8 20.9 7.5 8.0 56.6 4.0 2.7 0.5 0.2 7.5 64.0 

WUA 0.25 – <0.5 Moderate 12.7 14.0 8.1 22.6 45.1 84.8 21.0 30.1 238.4 15.1 8.4 23.2 6.2 52.9 291.3 

WUA 0.5 – <0.75 High 14.1 30.4 25.6 58.4 115.3 90.4 50.9 60.2 445.2 27.9 23.0 151.2 332.3 534.4 979.6 

WUA 0.75 – 1 Very High 14.9 39.8 175.8 82.7 283.9 1164.6 465.0 160.4 2387.0 72.5 61.2 240.2 213.4 587.4 2974.4 

Total WUA (0.001–1)   46.6 88.1 210.5 167.4 451.0 1360.7 544.3 258.7 3127.2 119.5 95.4 415.1 552.2 1182.1 4309.3 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 4.9 2.3 0.7 0.7 4.3 30.3 3.0 10.3 22.2 78.6 0.1 0.6 0.2 1.0 79.6 

WUA 0.25 – <0.5 Moderate 12.5 10.0 4.3 4.2 25.2 309.6 49.9 122.4 22.2 560.4 5.2 23.5 5.8 34.5 594.9 

WUA 0.5 – <0.75 High 14.4 35.0 24.8 23.6 82.0 925.5 312.2 260.7 114.8 1793.1 20.0 152.1 335.0 507.1 2300.2 

WUA 0.75 – 1 Very High 15.6 59.6 200.1 253.2 640.3 1206.8 675.2 225.7 479.4 3755.7 33.5 236.2 219.0 488.6 4244.3 

Total WUA (0.001–1)   47.3 106.9 229.9 281.8 751.8 2472.2 1040.3 619.1 638.6 6187.8 58.8 412.3 560.0 1031.1 7219.0 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-37 

Table 6D-25: Adult lake sturgeon 95th percentile foraging habitat areas (in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project environments from Clark Lake to Gull 

Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Gull Lake 

Upstream 
Total 

Gull Rapids 
Downstream of Gull 

Rapids 

Downstream 
Total 

Overall 
Total 

Reach1 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 115.0 49.2 10.3 33.3 71.7 26.7 9.4 8.9 324.4 88.8 68.8 1.3 0.4 159.3 483.7 

0.001 – <0.25 Low 30.8 27.0 8.8 36.5 98.5 61.6 11.7 11.8 286.6 27.3 28.0 3.7 1.1 60.1 346.7 

0.25 – <0.5 Moderate 22.9 43.1 29.2 80.4 164.5 237.6 71.7 62.8 712.1 40.9 23.5 54.4 12.8 131.6 843.7 

0.5 – <0.75 High 15.7 44.1 39.3 59.2 149.8 202.8 96.2 80.1 687.1 52.9 22.4 224.2 360.0 659.6 1346.7 

0.75 – 1 Very High 15.4 34.2 180.2 96.6 263.1 1277.4 515.5 263.6 2646.0 80.3 53.3 279.9 418.4 832.0 3478.0 

Total Wetted Area   199.7 197.6 267.8 306.0 747.9 1806.5 704.6 427.1 4657.1 287.9 195.2 562.1 791.0 1836.1 6493.2 

Total Suitable Area (0.001–1)   84.7 148.3 257.6 272.7 675.8 1779.4 695.1 418.2 4331.8 201.4 127.3 562.2 792.4 1683.3 6015.1 

                                  

Year 30 Post-Project 
Environment 

                

HSI 
Suitability 

Classification 

Upstream Birthday Rapids 
Downstream 

Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

0 Not Suitable 114.4 45.2 8.0 13.1 30.1 198.3 12.7 97.3 4.7 523.8 1.7 1.0 1.1 3.8 527.5 

0.001 – <0.25 Low 30.3 17.0 7.9 11.2 61.4 173.3 16.1 59.8 6.1 383.0 10.9 2.9 1.2 15.0 398.0 

0.25 – <0.5 Moderate 24.4 40.9 22.9 26.8 83.6 763.3 102.1 333.9 54.9 1452.6 14.8 53.5 12.3 80.6 1533.3 

0.5 – <0.75 High 16.1 50.3 41.1 75.0 176.2 1472.4 382.9 362.2 128.3 2704.5 14.1 227.9 370.1 612.2 3316.7 

0.75 – 1 Very High 16.0 46.1 193.9 201.8 618.3 1530.8 872.7 362.2 567.7 4409.5 43.5 278.2 408.2 729.9 5139.4 

Total Wetted Area   199.5 198.8 273.4 327.0 968.2 4133.0 1382.1 1213.6 752.8 9448.3 84.9 562.9 792.4 1440.2 10888.5 

Total Suitable Area (0.001–1)   86.8 154.1 265.8 314.7 939.4 3939.9 1373.9 1118.0 757.0 8949.7 83.3 562.6 791.8 1437.7 10387.4 

1. Location of reaches outlined in Map 6D-1. 

 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-38 

Table 6D-26: Adult lake sturgeon 95th percentile foraging habitat areas and weighted usable areas (WUAs; in hectares), by habitat suitability index (HSI) and reach in the existing and Year 30 post-Project 

environments from Clark Lake to Gull Rapids and the proposed Keeyask Generating Station (GS) 

Existing Environment                                 

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Gull Lake 

Upstream 

Total 

Gull Rapids Downstream of Gull Rapids 

Downstream 

Total 

Overall 

Total 

Reach1 

2A 

Reach 

2B 

Reach 

3 

Reach 

4 

Reach 

5 

Reach 

6 

Reach 

7 

Reach 

8 

Reach 

9A 

Reach 

9B 

Reach 

11 

Reach 

12 

WUA 0.001 – <0.25 Low 3.8 3.6 1.3 5.5 15.1 10.9 2.0 2.1 44.3 3.8 3.6 0.6 0.2 8.2 52.5 

WUA 0.25 – <0.5 Moderate 8.4 16.4 11.0 30.1 61.7 96.2 26.4 23.9 274.1 15.5 8.7 22.3 5.3 51.8 325.9 

WUA 0.5 – <0.75 High 9.7 27.9 25.1 36.9 93.0 124.1 62.2 51.3 430.3 33.4 14.1 137.4 230.5 415.4 845.7 

WUA 0.75 – 1 Very High 13.9 30.5 168.1 89.8 245.2 1258.6 489.5 247.5 2543.1 72.2 50.0 267.3 381.1 770.6 3313.7 

Total WUA (0.001–1)   35.8 78.4 205.5 162.3 415.0 1489.8 580.0 324.8 3291.7 124.9 76.4 427.6 617.1 1246.0 4537.7 

                                  

Year 30 Post-Project Environment 

                

HSI 
Suitability 

Classification 

Upstream 

 Birthday Rapids Downstream Birthday Rapids Keeyask GS Reservoir 

Upstream 
Total 

Downstream of Keeyask GS 

Downstream 
Total 

Overall 
Total 

Reach 
2A 

Reach 
2B 

Reach 
3 

Reach 
4 

Reach 
5 

Reach 
6 

Reach 
7 

Reach 
8 

Reach 
9A 

Reach 
9B 

Reach 
11 

Reach 
12 

WUA 0.001 – <0.25 Low 3.7 2.4 1.2 1.7 8.4 29.0 2.7 9.9 20.2 79.3 1.8 0.6 0.2 2.6 81.9 

WUA 0.25 – <0.5 Moderate 8.9 16.1 9.2 10.6 31.5 292.6 40.6 120.8 20.2 550.6 5.5 21.9 5.0 32.3 582.9 

WUA 0.5 – <0.75 High 10.0 31.0 26.2 48.4 102.5 851.4 243.7 209.6 79.3 1602.1 8.9 136.4 242.0 387.2 1989.4 

WUA 0.75 – 1 Very High 14.6 40.7 183.2 186.3 586.1 1469.0 832.0 333.4 551.3 4196.5 42.1 266.8 368.8 677.7 4874.2 

Total WUA (0.001–1)   37.1 90.2 219.7 247.1 728.6 2642.0 1119.0 673.8 671.0 6428.6 58.3 425.6 616.0 1099.9 7528.5 

1. Location of reaches outlined in Map 6D-1. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-39 

 

Figure 6D-1: Relative depth frequencies and estimated suitability of water depths for young-of-the-year lake sturgeon as 

determined from gillnetting studies conducted in the Nelson River for the Keeyask GS Project, the Winnipeg 

River for the Pointe du Bois GS (PdB) Modernization Project, and the scientific literature. Suitability index of 1 

represents optimal conditions
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KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-40 

 

Figure 6D-2: Relative velocity frequencies and estimated suitability of water velocities for young-of-the-year lake sturgeon 

as determined from gillnetting studies conducted in the Nelson River for the Keeyask GS Project, the 

Winnipeg River for the Pointe du Bois GS (PdB) Modernization Project, and the scientific literature. Suitability 

index of 1 represents optimal conditions
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KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-41 

 

Figure 6D-3: Relative substrate type frequencies for young-of-the-year lake sturgeon as determined from gillnetting 

studies conducted in the Nelson River for the Keeyask GS Project, the Winnipeg River for the Pointe du Bois 

GS (PdB) Modernization Project, and the scientific literature
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KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-42 

   

Figure 6D-4: Relative depth frequencies and estimated suitability of water depths for sub-adult lake sturgeon as 

determined from gillnetting studies conducted in the Nelson River for the Keeyask GS Project, the Winnipeg 

River for the Pointe du Bois GS (PdB) Modernization Project, and the scientific literature. Suitability index of 1 

represents optimal conditions
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KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-43 

 

Figure 6D-5: Relative velocity frequencies and estimated suitability of water velocities for sub-adult lake sturgeon as 

determined from gillnetting studies conducted in the Nelson River for the Keeyask GS Project, the Winnipeg 

River for the Pointe du Bois GS (PdB) Modernization Project, and the scientific literature. Suitability index of 1 

represents optimal conditions
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KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 6: LAKE STURGEON 6D-44 

 

Figure 6D-6: Relative substrate type frequencies for sub-adult lake sturgeon as determined from gillnetting studies 

conducted in the Nelson River for the Keeyask GS Project, the Winnipeg River for the Pointe du Bois GS (PdB) 

Modernization Project, and the scientific literature
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Figure 6D-7: Relative depth frequencies and estimated suitability of water depths for foraging adult lake sturgeon as 

determined from gillnetting studies conducted in the Nelson River for the Keeyask GS Project, the Winnipeg 

River for the Pointe du Bois GS (PdB) Modernization Project, and the scientific literature. Suitability index of 1 

represents optimal conditions
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Figure 6D-8: Relative velocity frequencies and estimated suitability of water velocities for foraging adult lake sturgeon as 

determined from gillnetting studies conducted in the Nelson River for the Keeyask GS Project, the Winnipeg 

River for the Pointe du Bois GS (PdB) Modernization Project, and the scientific literature. Suitability index of 1 

represents optimal conditions
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Figure 6D-9: Relative substrate type frequencies for foraging adult lake sturgeon as determined from gillnetting studies 

conducted in the Nelson River for the Keeyask GS Project, the Winnipeg River for the Pointe du Bois GS (PdB) 

Modernization Project, and the scientific literature
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Figure 6D-10: Relative depth frequencies (data points) and estimated spawning depth suitability (vertical bars) for lake 

sturgeon egg deposition below the Pointe du Bois Generating Station (2007–2010) on the Winnipeg River, 

Manitoba, and in other water bodies documented in the scientific literature
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Figure 6D-11: Relative water velocity frequencies (data points) and estimated spawning velocity suitability (vertical bars) 

for lake sturgeon egg deposition below the Pointe du Bois Generating Station (2007–2010) on the Winnipeg 

River, Manitoba, and in other water bodies documented in the scientific literature
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Figure 6D-12: Relative substrate type frequencies (data points) and estimated spawning substrate suitability (vertical bars) 

for lake sturgeon egg deposition below the Pointe du Bois Generating Station (2007–2010) on the Winnipeg 

River, Manitoba, and in other water bodies documented in the scientific literature
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Figure 6D-13: Lake sturgeon egg counts (ln transformed) (x) versus distance (m) from a 

hydraulic feature (origin of flow or impassable rapids) showing the 

average relationship used in the model (black line). For comparison, the 

cumulative count of eggs (O) at an average distance within each 20 m 

distance bin is also shown (red line). 
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Table 6E-1: Mean size and condition of adult lake sturgeon captured in large mesh gill nets set in the study area during spring, 2001–2008 

  Fork Length (mm) Total Length (mm) Weight (g) Condition Factor 

Location Year n1 Mean Std2 Min Max n Mean Std Min Max n Mean Std Min Max n Mean Std Min Max 

Burntwood River 2001 16 1019 161 842 1439 16 1078 141 952 1446 14 7271 2205 5100 12300 14 0.80 0.17 0.50 1.13 

 2002 13 1022 144 845 1315 14 1153 141 948 1445 14 10066 5606 4725 22000 13 0.81 0.06 0.71 0.92 

 2005 14 1002 146 838 1310 14 1109 169 935 1470 14 9555 5639 5000 22226 14 0.86 0.12 0.70 1.01 

 2006 32 1018 128 851 1325 33 1139 141 954 1476 34 10166 4927 4990 23133 32 0.86 0.09 0.66 1.02 

 2007 53 1005 117 855 1354 50 1114 138 900 1470 53 9567 4228 5227 25000 52 0.88 0.10 0.71 1.12 

 All 128 1011 130 838 1439 127 1120 143 900 1476 129 9529 4597 4725 25000 125 0.86 0.11 0.50 1.13 

Grass River 2002 2 915 23 899 931 2 1153 238 985 1321 2 6875 884 6250 7500 2 0.90 0.18 0.77 1.03 

 2006 1 983 - 983 983 1 1100 - 1100 1100 1 7257 - 7257 7257 1 0.76 - 0.76 0.76 

 2007 10 1158 256 840 1640 10 1293 273 948 1765 10 20185 14007 6123 49895 10 1.12 0.16 0.89 1.36 

 All 13 1107 242 840 1640 13 1257 256 948 1765 13 17143 13440 6123 49895 13 1.06 0.19 0.76 1.36 

Kelsey GS area 2001 6 1014 210 836 1423 5 1025 80 920 1143 6 10275 7772 6300 26000 6 0.89 0.10 0.81 1.09 

 2002 1 1130 - 1130 1130 1 1270 - 1270 1270 1 18500 - 18500 18500 1 1.28 - 1.28 1.28 

 2005 3 917 39 885 960 3 1017 16 1005 1035 3 6890 1057 5670 7500 3 0.89 0.10 0.82 1.01 

 2006 12 1034 141 881 1346 12 1160 177 969 1498 12 12058 6919 6804 27216 12 1.01 0.18 0.76 1.48 

 2007 30 1015 182 835 1475 28 1127 203 920 1600 29 10417 7088 4082 33112 29 0.87 0.12 0.54 1.09 

 All 52 1016 169 835 1475 49 1121 183 920 1600 51 10737 6881 4082 33112 51 0.92 0.15 0.54 1.48 

Odei River 2007 18 998 107 850 1298 17 1094 113 964 1414 18 9609 3570 5455 20909 18 0.94 0.11 0.72 1.24 

Split Lake 2001 4 994 165 851 1168 3 1092 221 952 1346 3 9087 6309 5100 16360 3 0.93 0.10 0.83 1.03 

 2002 1 1083 - 1083 1083 1 1193 - 1193 1193 1 10300 - 10300 10300 1 0.81 - 0.81 0.81 

 2005 8 1101 206 849 1492 8 1206 196 958 1558 8 14602 9652 6136 35909 8 0.99 0.09 0.84 1.08 

 2006 4 1099 111 995 1235 4 1225 131 1100 1380 4 12304 6313 6804 20865 4 0.87 0.18 0.69 1.11 

 2007 6 967 60 880 1050 6 1061 55 990 1115 5 6849 1383 5670 9072 5 0.79 0.07 0.72 0.89 

 All 23 1046 154 849 1492 22 1154 160 952 1558 21 11326 7297 5100 35909 21 0.90 0.13 0.69 1.11 

Nelson River  2001 73 1048 140 835 1355 72 1152 145 920 1461 71 10542 4955 4250 25000 71 0.88 0.13 0.64 1.26 

(CL-GR)3 2002 60 1065 136 842 1415 60 1175 148 944 1543 58 12521 6128 5443 34020 58 0.97 0.15 0.73 1.39 

 2003 84 1085 133 838 1540 83 1204 139 945 1740 78 13432 6791 6350 54431 78 1.02 0.19 0.67 1.49 

 2004 54 1132 152 870 1468 54 1260 178 986 1800 54 13385 6722 5443 31298 54 0.86 0.12 0.62 1.10 

 2006 107 1102 140 837 1550 105 1208 149 915 1655 107 12334 6498 4800 43091 107 0.86 0.13 0.64 1.44 

 2008 40 1126 155 845 1403 37 1220 166 925 1535 39 13526 6552 4763 28576 39 0.87 0.11 0.66 1.08 

 All 418 1090 143 835 1550 411 1200 154 915 1800 407 12512 6344 4250 54431 407 0.91 0.16 0.62 1.49 

Gull Rapids 2001 22 1101 170 872 1447 22 1199 182 940 1539 22 13598 9157 5500 38000 22 0.90 0.14 0.71 1.29 

 2002 4 1045 51 1001 1100 3 1195 120 1100 1330 4 10888 2995 8050 15000 4 0.94 0.14 0.80 1.13 

 2003 24 1105 144 912 1340 24 1219 151 1006 1472 22 13024 6118 6123 25000 22 0.92 0.14 0.72 1.20 

 2004 5 1175 105 1025 1299 5 1295 113 1125 1419 4 16254 5265 9450 20412 4 1.03 0.20 0.88 1.32 

 2005 4 1009 82 900 1100 1 1205  1205 1205 3 11037 4091 6804 14969 3 1.05 0.10 0.93 1.12 

 2006 14 1151 162 902 1421 12 1296 169 1050 1570 13 13817 6352 5897 24948 13 0.88 0.11 0.73 1.05 

 All 73 1109 149 872 1447 67 1231 161 940 1570 68 13338 6970 5500 38000 68 0.92 0.14 0.71 1.32 

Stephens Lake 2003-2006 8 1047 118 850 1245 8 1155 122 950 1365 8 10511 3502 5443 17237 8 0.89 0.04 0.84 0.95 
1. n = number of fish measured. 
2. Std = standard deviation. 
3. CL-GR = Clark Lake to Gull Rapids. 
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Table 6E-2: Mean size and condition of adult lake sturgeon captured in large mesh gill nets set in the study area during 

summer 2006 

 Fork Length (mm) Total Length (mm) Weight (g) Condition Factor 

Location n1 Mean Std2 Min Max n Mean Std Min Max n Mean Std Min Max n Mean Std Min Max 

Kelsey GS area 8 935 86 840 1044 8 1049 100 930 1180 8 7286 2706 4082 10886 8 0.86 0.15 0.62 1.08 

Split Lake 3 967 107 845 1045 3 1047 100 950 1150 3 8165 3175 4990 11340 3 0.87 0.11 0.79 0.99 

Nelson River  
(CL-GR)3 

14 1041 163 840 1300 14 1157 177 942 1461 8 10512 5888 5443 19731 8 0.84 0.09 0.64 0.96 

Stephens Lake 2 1205 120 1120 1290 2 1335 106 1260 1410 2 17859 6818 13038 22680 2 0.99 0.09 0.93 1.06 

1. n = number of fish measured. 
2. Std = standard deviation. 
3. CL-GR = Clark Lake to Gull Rapids. 
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Table 6E-3: Mean size and condition of sub-adult lake sturgeon captured in large mesh gill nets set in the study area during spring, 2001–2008 

  Fork Length (mm) Total Length (mm) Weight (g) Condition Factor 

Location Year n1 Mean Std2 Min Max n Mean Std Min Max n Mean Std Min Max n Mean Std Min Max 

Burntwood River 2001–2007 16 710 131 354 833 16 795 147 405 970 15 3577 1325 1364 5455 15 0.83 0.14 0.57 0.97 

Kelsey GS area 2001–2007 31 762 88 605 829 31 859 121 693 990 30 4094 1407 1588 6577 30 0.90 0.16 0.46 1.18 

Split Lake 2001–2007 15 756 60 626 820 14 846 65 711 925 14 4127 1190 1818 5897 14 0.92 0.13 0.71 1.15 

Odei River 2005–2007 6 707 95 542 810 6 793 89 641 900 6 3030 1234 1364 4318 6 0.81 0.09 0.68 0.92 

Nelson River (CL-GR)3 2001 6 784 35 739 820 6 887 26 855 925 6 4000 447 3500 4500 6 0.83 0.13 0.63 0.99 

 2002 3 745 57 680 785 3 851 66 775 892 3 3931 1048 2722 4536 3 0.93 0.06 0.87 0.99 

 2003 5 755 58 700 821 5 857 70 786 935 5 4183 1161 3000 5897 5 0.95 0.08 0.86 1.07 

 2006 40 720 110 300 830 40 801 123 324 915 36 3604 995 1134 5216 36 0.84 0.09 0.61 1.00 

 2008 11 739 58 648 832 11 834 67 724 951 10 3391 991 2268 5216 10 0.82 0.11 0.70 1.04 

 All 65 733 94 300 832 65 821 106 324 951 60 3673 967 1134 5897 60 0.85 0.10 0.61 1.07 

Gull Rapids 2001-2006 6 780 17 759 800 4 897 54 861 978 5 4117 340 3629 4475 5 0.88 0.08 0.82 1.02 

Stephens Lake 2003-2006 3 684 140 555 833 3 772 147 641 931 3 2733 929 1700 3500 3 0.87 0.23 0.61 1.02 
1. n = number of fish measured. 
2. Std = standard deviation. 
3. CL-GR = Clark Lake to Gull Rapids. 

 

Table 6E-4. Mean size and condition of sub-adult lake sturgeon captured in medium and large mesh gill nets set in the study area during summer and fall, 2002–2008 

  Fork Length (mm) Total Length (mm) Weight (g) Condition Factor 

Location Year n1 Mean Std2 Min Max n Mean Std Min Max n Mean Std Min Max n Mean Std Min Max 

Kelsey GS area 2006 5 782 22 750 810 5 868 46 811 920 5 4699 680 3629 5443 5 0.98 0.09 0.86 1.10 

Split Lake 2006 6 573 138 353 785 6 655 154 401 882 5 2041 907 1361 3629 5 0.84 0.08 0.75 0.94 

Nelson River  

(CL-GR)3 
2002-2008 142 604 143 244 832 141 687 159 283 950 85 1868 1141 110 5216 85 0.74 0.09 0.54 1.08 

Gull Rapids 2006-2008 8 592 107 428 738 8 665 118 483 832 7 1957 848 575 3100 7 0.78 0.09 0.63 0.90 
1. n = number of fish measured. 
2. Std = standard deviation. 
3. CL-GR = Clark Lake to Gull Rapids. 

 

Table 6E-5. Mean age, size, and condition of young-of-the-year (YOY) and sub-adult lake sturgeon captured in medium mesh gill nets set in Gull Lake during fall 2008 

  Fork Length (mm) Total Length (mm) Weight (g) Condition Factor 

Life Stage Age (y) n* Mean Std** Min Max n Mean Std Min Max n Mean Std Min Max n Mean Std Min Max 

YOY 0+ - - - - - 14 157 11 128 168 - - - - - - - - - - 

Sub-adult 1 2 246 2 244 247 2 283 0 283 283 1 - - 110 110 1 - - 0.76 0.76 

 2 12 357 21 325 389 11 409 20 385 442 4 355 62 300 440 4 0.74 0.12 0.63 0.87 
*n = number of fish measured. 
**Std = standard deviation. 
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7.0 FISH QUALITY 

7.1 GENERAL INTRODUCTION 

Fish are important indicators of ecosystem health, are valuable as a domestic and commercial resource, 

and are used in regional recreation. Changes in fish quality (either directly or indirectly via the food chain) 

can affect domestic and recreational fish consumption, may affect the livelihood of commercial fishers, 

and the health of any consumer. In this section, fish quality is viewed solely in terms of human 

consumption. The implications of potential effects of the Keeyask Project on fish quality components 

such as mercury concentration for wildlife consumers of fish are considered in the sections on mammals 

and birds in the Terrestrial Environment Volume. 

Indicators of fish quality for human consumption that are considered in the assessment include: 

 Mercury concentrations in the epaxial (i.e., dorsal trunk) musculature (Section 7.2); 

 Muscle concentrations of other trace metals (Section 7.3); 

 Infection rates of lake whitefish (Coregonus clupeaformis) with the internal cestode parasite Triaenophorus 

crassus (Section 7.4); and  

 Fish palatability (Section 7.5).  

Three important domestic and commercial fish species, walleye (Sander vitreus), northern pike (Esox lucius), 

and lake whitefish were the main focus of the assessment. Some data on fish mercury concentrations 

were collected for several other species during the Keeyask environmental studies to address specific 

questions or because of special request by the KCNs. Except for forage fish, the results for these other 

species are presented in Appendix 7A.  

For each indicator, the approach to the assessment (study area, sources of information, and assessment 

approach), information pertaining to the environmental setting (historic conditions, current conditions, 

current trends), and assessment of the Project effects (during construction and operating periods, 

mitigation, residual effects, cumulative effects, environmental monitoring and follow-up) are presented. 

7.2 MERCURY 

7.2.1 Introduction 

Fish is the dominant source of dietary mercury exposure to top-level predators, including humans 

(Mergler et al. 2007). Mercury (also referred to as its chemical symbol, Hg) primarily exists as organic 

methylmercury in the axial (mainly trunk and tail) musculature of most freshwater fish (Lockhart et 

al.1972; Grieb et al. 1990; Johnston et al. 2001; Van Walleghem et al. 2007) and higher vertebrates (Wiener 

and Spry 1996). Methylmercury is the form of mercury that biomagnifies (Watras et al. 1998). Due to the 

detrimental neurotoxicological effects of relatively small amounts of mercury, the frequent consumption 
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of fish with moderate to high mercury concentrations may pose a risk to human health (Clarkson 2002; 

Mergler et al. 2007). A human Health Risk Assessment for mercury exposure in the Keeyask Project area 

is part of the Socio-economic, Resource Use and Heritage Resources Supporting Volume (SE SV).  

In addition to the health risk to humans, elevated levels of mercury are known to have deleterious effects 

on wildlife, particularly species that consume fish as part of their diet (Scheuhammer et al. 2007; for 

details see TE SV), and on the fish themselves. Sublethal and reproductive effects of mercury exposure 

have been documented in both laboratory and field studies and for multiple species of freshwater fish. 

Effects on biochemical processes, damage to cells and tissues, and reduced reproduction have been 

observed at methylmercury concentrations of approximately 0.3–0.7 parts per million (ppm) mercury wet 

weight in the whole body and about 0.5–1.2 ppm mercury wet weight in axial muscle (Sandheinrich and 

Wiener 2011). Such concentrations are common in adult piscivorous fish from natural freshwaters 

throughout North America (Kamman et al. 2005; Schetagne and Verdon 1999a) and even higher 

concentrations have been reported in northern pike, walleye, lake trout (Salvelinus namaycush) and burbot 

(Lota lota) from newly created reservoirs in Québec and Manitoba (Therrien & Schetagne 2008; Bodaly et 

al. 2007; Schetagne and Verdon 1999b). Despite the obvious potential for compromised fish health and 

reproductive impairment due to elevated body mercury concentrations, there is no clear evidence for 

associated population level effects in wild fish. 

Mercury concentrations in aquatic systems and its bioamagnification up the food chain are the result of 

numerous processes. Mercury can be released directly into aquatic systems through natural weathering of 

rocks (Derksen 1978) or from deposition of emissions and effluents from natural and anthropogenic 

sources such as volcanoes, chlor-alkali plants, fossil fuel combustion, smelters, incinerators, gold mining, 

waste disposal, and others (Brouzes et al. 1977; Swain et al. 2007). Long range atmospheric transport has 

increased mercury deposition since the Industrial Revolution, even at the most remote locations, by a 

factor of approximately three (Lindberg et al. 2007). Human land-use changes can also make mercury 

more available to biota. For example, inundation of soils and vegetation as a result of reservoir creation 

introduces inorganic mercury and organic nutrients to the water, which in turn, increases microbial 

production of methylmercury (Ramlal et al. 1987; Kelly et al. 1997). Thus, the increase of methylmercury 

in new reservoirs is not due to increased atmospheric loading of inorganic mercury, but is primarily 

associated with increased activity of methylating microbes and an overall higher ecosystem efficiency in 

the conversion of inorganic mercury into methylmercury (Munthe et al. 2007). 

Methylmercury released into the water column or sediment after bacterial decomposition is available for 

uptake by phytoplankton or detritivores, which in turn are consumed by zooplankton, other, larger 

invertebrates and fish. An alternative pathway of methylmercury entry into the food chain is the ingestion 

of live bacteria by protozoa or rotifers. Small amounts of methylmercury can also enter fish directly from 

the water via the gills (Hall et al 1997) or may be assimilated after bacterial methylation within a fish‘s 

intestinal tract (Rudd et al 1980). However, the primary pathway of methylmercury uptake in fish is via 

the diet (Harris and Snodgrass 1993; Hall et al 1997). Skeletal muscle is the principle storage tissue for 

mercury in fish and concentrations generally increase with increasing body size and age (Scott and 

Armstrong 1972; Green 1986; Peterson et al 2007). Methylmercury is biomagnified as its concentration 

increases with each higher level in the food chain (Jernelöv and Lann 1971; Cox et al 1979; Hall et al 1997) 

and the magnitude of bioaccumulation is positively related to food chain length (Harris and Snodgrass 
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1993; Cabana et al. 1994; Kidd et al. 1995). Other factors such as habitat preferences, metabolic rate, age, 

and size also potentially affect the bioaccumulation of mercury in fish (Jackson 1991). 

The numerous reports of abnormally high mercury concentrations in fish soon after the impoundment of 

formerly riverine or lacustrine habitats from geographically distinct and environmentally diverse regions 

of the world (e.g., Cox et al. 1979; Bodaly et al. 1984a; Surma-Aho et al. 1986; Yingcharoen and Bodaly 

1993) suggest that the above processes and patterns of mercury accumulation are a common 

consequence of reservoir creation. In northern Manitoba reservoirs, mercury concentrations generally 

show a characteristic pattern of increase and decline over time, with maximum values in northern pike 

and walleye typically occurring 3–8 years after flooding (Bodaly et al. 2007; Jansen and Strange 2007). 

Mercury concentrations in these two piscivores remain elevated over pre-impoundment concentrations 

for approximately 20–30 years (Bodaly et al. 2007; Jansen and Strange 2007).  

Maximum mercury concentrations in piscivorous fish from boreal reservoirs often substantially exceed 

the recommended concentration of 0.2 ppm in fish muscle to be consumed by persons eating large 

quantities of fish (Wheatley 1979), as well as the standard of 0.5 ppm for fish to be commercially 

marketed in Canada (Health Canada 2007). Maximum mean mercury concentrations of 0.75–2.59 ppm 

for northern pike and 0.73–2.38 ppm for walleye have been reported for northern Manitoba lakes, with a 

significant proportion of the between-lake variability being explained by the percentage of flooded area 

(Bodaly et al. 2007). However, elevated fish mercury concentrations are not unique to reservoirs, and 

concentrations in piscivores from undisturbed, remote northern lakes can also surpass recommended 

consumption and marketing thresholds. For example, northern pike of 700 millimetres (mm) standard 

length from 59 non-impounded lakes in northern Québec had mean mercury concentrations ranging 

from 0.30 to 1.81 ppm (Schetagne and Verdon 1999a), and Bodaly et al. (1993) found that mean mercury 

concentrations of northern pike of 600 mm standard length approached, or slightly exceeded, 1 ppm in 

two out of six study lakes in remote areas of northwestern Ontario. Several chemical variables, such as 

water acidity (Wiener et al. 1990) or dissolved organic carbon (Watras et al. 1998), or the amount of 

atmospheric mercury deposition (Wiener et al. 2006) are known to affect fish mercury concentrations in 

lakes. However, it can be assumed that these factors are similar over a relatively small and 

physiographically homogeneous region such as the Keeyask Project area. The relative size of the 

watershed area (McMurtry et al. 1989) and lake size (Bodaly et al. 1993) have also been shown to be 

proximate abiotic factors resulting in differences in fish mercury concentrations. Smaller lakes often have 

substantially higher epilimnetic water temperatures and a relative larger littoral area compared to bigger 

lakes, resulting in both higher rates of bacterial mercury methylation and methylmercury uptake in fish via 

elevated metabolic rates (Bodaly et al. 1993). In addition to the factors discussed above, differences in fish 

mercury content in waterbodies may also arise from basin geology. Derksen (1978) noted the close 

agreement between major geological fault zones within the Precambrian shield area of Manitoba and 

areas with relatively large numbers of ―mercury contaminated‖ lakes. The author speculated that fish 

mercury concentrations ―are likely to be higher in areas of base metals deposits‖. 

The approach and methods used to describe the existing environment and to predict Project effects on 

fish mercury concentrations are outlined in Section 7.2.2. A description of the environmental setting, 

including an overview of historical fish mercury concentrations with an assessment of temporal trends, 

and a comparison of current conditions in waterbodies from the Split Lake, Keeyask, and Stephens Lake 
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areas with off-system waterbodies is provided in Section 7.2.3. Construction and operation effects, 

potential mitigation measures, residual impacts, and monitoring and follow-up are provided in 

Section 7.2.4.  

7.2.2 Approach and Methods 

7.2.2.1 Overview to Approach 

Generally, the approach taken for the impact assessment of fish mercury concentrations was similar to 

the approach applied for other aquatic components. The assessment comprised two major segments: 

 A description of the existing conditions in the study area to provide the foundation for assessing the 

potential effects of the Project on fish mercury concentrations; and 

 An impact assessment in which potential effects of the Project on fish mercury concentrations were 

described. 

The assessment focused on fish of domestic and commercial importance for resource users (i.e., walleye, 

northern pike, and lake whitefish). Walleye and northern pike are at the top of the aquatic food web and 

represent the worst case scenario in terms of fish mercury concentrations and for the transfer and further 

bioaccumulation of mercury in wildlife and humans. In addition, smaller-bodied species (i.e., forage fish) 

including spottail shiner (Notropis hudsonius), emerald shiner (N. atherinoides), trout-perch (Percopsis 

omiscomaycus), rainbow smelt (Osmerus mordax), and juveniles of yellow perch (Perca flavescens) and white 

sucker (Catostomus commersonii) were analyzed for mercury to gain a better understanding of the main 

sources of mercury to fish at higher trophic levels. The analysis of mercury in rainbow smelt also 

addressed emerging questions regarding the effects of invasive species, specifically, the potential role of 

food web alterations related to the introduction of rainbow smelt on mercury concentrations in predatory 

fish within the Project area. 

The current conditions in the ―environmental setting‖ were defined for a period of 10 years (1997–2006), 

although most of the available data on fish mercury concentrations were collected from 2001–2006. The 

10-year period was identified to capture recent conditions in the study area with sufficient duration to 

encapsulate inter-annual variability. Information used for this characterization included data gathered 

from sampling programs conducted over a number of years under the Keeyask environmental studies, as 

well as data collected by Fisheries and Oceans Canada (DFO; formerly known as the Department of 

Fisheries and Oceans). The 2006 data represented the most recent information at the time the EIS was 

written. Additional sampling of fish for mercury analysis from Split and Stephens lakes was conducted in 

2007 under the program ―Monitoring of mercury concentrations in fish in northern Manitoba reservoirs‖ 

(MMMR; Jansen 2010a), from Gull Lake and the Aiken River in 2009 as part of Keeyask pre-

construction monitoring (Jansen 2010b), and from Stephens Lake in 2009 and Split and Assean lakes in 

2010 under another monitoring program partially funded by Manitoba Hydro. These data have not been 

incorporated into the EIS.  

Existing mercury concentrations were determined for fish from several off-system lakes, known as the 

AEA offsetting lakes that will serve as regional reference systems to monitor natural (i.e., not Project-
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related) fluctuations or trends in fish mercury concentrations against which corresponding changes in 

study area lakes can be compared. Most AEA offsetting lakes were selected for study at the request of 

CNP as they may be fished in the future as an alternative to traditional waterbodies that are affected by 

the Project. 

The environmental setting also included a description of historical information (i.e., including data 

collected prior to1997) to provide an overview of how fish mercury concentrations have changed over 

time and background data against which future changes can be evaluated. Historic trends in fish mercury 

concentrations were described for some of the study area lakes using available long-term databases. The 

historic data were also used to determine if the current environment is relatively stable or still undergoing 

substantive changes over time. 

Potential impacts of the Keeyask GS on mercury concentrations in lake whitefish, northern pike, and 

walleye were assessed by modelling expected maximum concentrations by:  

 Using a predictive model from the scientific literature; and  

 Using historic and recent data from a nearby reservoir (i.e., Stephens Lake) as a proxy for the future 

Keeyask reservoir. 

The possible duration of elevated fish mercury concentrations was estimated based on empirical 

information for existing reservoirs, particularly in Manitoba. Information sources used for the assessment 

included information obtained from the Keeyask environmental studies, predictions generated for 

Section 2 (Water and Sediment Quality) and the Physical Environment Supporting Volume [PE SV], and 

scientific literature pertaining to hydroelectric development in Manitoba and elsewhere. 

To assist in characterizing the potential effects of the Project on human health, fish mercury 

concentrations for the existing environment, as well as for predicted post-Project environmental 

conditions, were compared to the Health Canada standard of 0.5 ppm maximum acceptable 

concentration of total mercury in commercially-sold fish (Health Canada 2007) and to the recommended 

maximum acceptable concentration of 0.2 ppm mercury for persons consuming large quantities of fish 

(Wheatley 1979). The Health Canada standard of 0.5 ppm is identical to the Manitoba Water Quality 

Standards, Objectives, and Guidelines (MWQSOGs; Williamson 2002) value for aquatic life tissue residue 

for the protection of human consumers. 

7.2.2.2 Study Area 

The study area for fish mercury investigations extends from Split Lake along the Nelson River 

downstream to and including Stephens Lake in the east. Waterbodies sampled for fish mercury 

concentrations were primarily riverine lakes and mainstem sections of the Nelson River, but also included 

two tributary waterbodies, the Aiken River south of Split Lake and Assean Lake north of Split Lake (Map 

7-1). The expected magnitude of physical change (e.g., changes in water levels and flows) due to the 

Project is expected to differ substantially among areas (Project Description Supporting Volume [PD SV] 

and PE SV) and, consequently, the study area was divided into several areas (Section 1). Three of these 

areas are relevant for the fish mercury component: 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 7: FISH QUALITY  7-6 

 Split Lake area, including Split Lake and adjoining waterbodies such as Assean Lake and Clark Lake, 

(i.e., the area upstream of any direct Project influence); this area was included in the study because of 

the potential for fish that accumulated mercury in the Keeyask area to move upstream. 

 Keeyask area, including the Nelson River from the outlet of Clark Lake to approximately 4 kilometre 

(km) downstream of Gull Rapids (i.e., ‗hydraulic zone of influence‘); this area was included in the 

study because the effects on fish mercury concentrations are expected to be strongest; and  

 Stephens Lake; the lake was included in the study because it serves as a proxy for modelling future 

fish mercury concentrations in the Keeyask area and because of potential downstream effects on fish 

mercury levels. 

Waterbodies from the above three areas will be jointly referred to as study area lakes in the following 

discussion. Fish for mercury analysis were also collected from eight lakes north of the Nelson River 

(Caldwell, Christie, Kiask, Limestone, Pelletier, Recluse, Thomas, Waskaiowaka) and four lakes located 

south of the Nelson River (Atkinson, Cyril, Moose Nose, War). These 12 lakes will be jointly referred to 

as AEA offsetting lakes in the following discussion. 

7.2.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for mercury are detailed in this section. 

7.2.2.3.1 Existing Published Information 

Mercury concentrations in fish from Manitoba waterbodies including Split Lake were first analyzed in 

1969/1970 (Bligh 1971) and data extending to December 1972 from lakes and rivers that include 

waterbodies in the study area were summarized in Derksen (1978). From 1983 to 1989 and 1992 to 2005 

the federal government (mainly DFO), the Province of Manitoba, and Manitoba Hydro studied mercury 

concentrations in fish as part of the ―Canada-Manitoba Agreement on the Study and Monitoring of 

Mercury in the Churchill River Diversion‖ and its successor programs, collectively referred to as MMMR 

(Jansen and Strange 2007). Most mercury data for northern Manitoba lakes have been compiled by 

Derksen (1978), Green (1986, 1990), Bodaly et al. (2007), and Jansen and Strange (2007). Long-term 

records of primarily length standardized mercury concentrations of northern pike, walleye and, to a lesser 

extent, lake whitefish that pre-date the Keeyask environmental studies exist for Split (1970–1996) and 

Stephens (1981/1983–1996) lakes. More limited historic data on fish mercury concentrations exist for 

other waterbodies in the study area, such as Gull Lake (1982), Aiken River (1982), Assean Lake (1981, 

1982, 1985, and 1996), and a few of the AEA offsetting lakes, such as Recluse (1982), Kiask (1992), 

Limestone (seven years from 1978–1996), and Waskaiowaka (1978, 1982) lakes. Most of the above data 

were stored in the ―Inspections‖ database of Fisheries and Oceans Canada and (since 1997) the ―National 

Contaminants Information System‖ database of the Canadian Food Inspection Agency (formerly 

Inspection Branch, DFO), and could be accessed at the Freshwater Institute in Winnipeg. In 2006, the 

Canadian Food Inspection Agency closed their laboratory and offices at the Freshwater Institute. Since 

then, the database has been relocated to Ottawa (Hoeve pers. comm. 2009). All historic data on mercury 
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concentrations for species collected from study area lakes were considered for the assessment; however, 

unpublished historic data from any of the AEA offsetting lakes were not included as they were not 

available.  

The effects of previous hydroelectric development in northern Manitoba, including the effects on fish 

mercury concentrations, were assessed on the Split Lake Resource Management Area as part of the Split 

Lake Cree Post Project Environmental Review (PPER; Split Lake Cree - Manitoba Hydro Joint Study 

Group 1996a, b, c). 

7.2.2.3.2 Keeyask Environmental Studies 

Fish were captured for mercury analysis as part of the Keeyask environmental studies during gillnetting 

programs in Split Lake (2001–2002, 2005), Clark Lake (2004, 2006), Gull Lake (1999–2002, 2006), 

Stephens Lake (1999, 2001–2003, 2005), Aiken River (2002–2003), Assean Lake (2001–2002), the Nelson 

River mainstem between Clark and Gull lakes (2006), and 12 of the AEA offsetting lakes (2004–2006). In 

addition, data collected by DFO at Split Lake in 1998 (Strange and Bodaly 1999) were used to describe 

current conditions in the study area. Most fish sampling was conducted between August and September 

with some samples being collected from selected waterbodies in May and June. A detailed account of fish 

sampling methods are provided in Appendix 7B. 

While not available for inclusion in the EIS, additional sampling of rainbow smelt from Gull Lake and 

northern pike and walleye from the Aiken River was conducted in 2009 as part of the Keeyask 

environmental studies to provide more current information on mercury concentrations. Furthermore, 

mercury data for lake whitefish, northern pike, and walleye from Split and Stephens lakes were collected 

in 2007 under the MMMR program, and similar information is available from Stephens Lake in 2009, and 

Split and Assean lakes in 2010. 

Muscle samples for mercury analysis were collected from a broad size range of fish within each species, 

applying guidelines established under MMMR (see Strange and Bodaly 1999) and earlier Manitoba fish 

mercury programs. All mercury analyses for samples from 1999 onwards were performed by the same 

analysts at the ―trace metals‖ laboratory of the DFO Freshwater Institute in Winnipeg, using a modified 

hot block method described by Hendzel and Jamieson (1976) followed by cold vapour atomic absorption 

spectroscopy. Quality Assurance/Quality Control (QA/QC) measures for sample storage, processing, 

and data evaluation were similar to those established under MMMR. QA/QC samples included National 

Research Council of Canada reference materials, laboratory control samples, and triplicate analyses 

(Appendix 7B).  

Fish accumulate mercury over their lifetime, such that older, larger individuals typically have higher 

concentrations than younger, smaller fish (Scott and Armstrong 1972; Green 1986; Peterson et al. 2007; 

see Appendix 7C for an example). Therefore, mean arithmetic mercury concentrations (micrograms (μg) 

Hg per gram (g) of tissue wet weight, or ppm) were standardized by fork length to facilitate comparisons 

between samples of fish from the same waterbodies or between samples of fish from different 

waterbodies over time (Appendix 7B). Only commercial samples taken by inspectors of the Canadian 

Food Inspection Agency were available for some of the earliest data years for Split and Stephens lakes. 

For these, a triplicate sample for Hg analysis was taken from the homogenized filets of five individual 
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fish of each species (DFO 1987). Consequently, mercury concentrations could not be adjusted to fish 

size for commercial data. For forage fish, arithmetic means were used for comparisons because the 

regression of mercury concentration and fish length was generally not significant (see Appendix 7D for 

an example). A detailed description of the analytical methods and the data analysis is provided in 

Appendix 7B. 

Mercury concentrations are mainly presented as mean, length standardized concentrations of total 

mercury with their 95% confidence limits (CL). Arithmetic means with standard error (SE) are also 

included in the tables and have been used in the assessment if the relationship between mercury 

concentrations and fish length was not significant. Unless otherwise indicated, mercury is used 

synonymously with methylmercury when referring to fish concentrations in this document. 

7.2.2.4 Assessment Approach 

The general approach used to characterize the existing conditions for fish mercury concentrations in the 

study area involved compilation of existing data and information for the area and the conduct of baseline 

field studies to generate the information needed to support the impact assessment. Additionally, mercury 

concentrations in study area lakes were compared to those from the AEA offsetting lakes to evaluate if 

and how concentrations differ between on-system and off-system waterbodies. For a broader regional 

perspective of fish mercury concentrations, study area lakes were compared to waterbodies on the 

Churchill River Diversion (CRD). Furthermore, an evaluation of trends in fish mercury concentrations 

for the study area was undertaken to ascertain if conditions are notably changing or are relatively stable. 

Lastly, fish mercury concentrations were compared to established standards and guidelines. 

Several approaches/information sources were used to describe anticipated effects of the Project on 

mercury concentrations in fish and their human health-related effects, including: 

 Local knowledge; 

 Results from other components of the Keeyask environmental studies, such as water and sediment 

quality; 

 Modelling exercises aimed at quantifying potential effects of the Project on fish mercury 

concentrations; 

 Use of empirical information for existing reservoirs in Manitoba, in particular the Stephens Lake 

reservoir;  

 Estimates of post-Project fish mercury concentrations were compared to established standards and 

guidelines;  

 Information gained from other existing hydroelectric reservoirs, such as reservoirs in Québec and 

Finland; 

 Information gained from experiments with hydroelectric reservoirs such as the Experimental Lakes 

Area Reservoir Project (ELARP) and the Flooded Uplands Dynamics Experiment (FLUDEX) in 
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which small boreal reservoirs were created by flooding surrounding wetlands and uplands, 

respectively (e.g., Kelly et al. 1997, Bodaly et al. 2004); and 

 Other scientific literature pertaining to Project linkage pathways. 

7.2.2.4.1 Federal and Provincial Objectives and Guidelines 

The Bureau of Chemical Safety within Health Canada applies a standard (i.e., a maximum level that does 

not appear as a unique regulation in the Food and Drug Regulations) of 0.5 ppm total mercury to all 

commercially-sold freshwater fish (Health Canada 2007). At this and higher concentrations, retail fish are 

deemed unfit for human consumption. In addition to the 0.5 ppm standard, the Medical Service Branch 

of Health Canada recommended in 1976 that the maximum acceptable concentration of mercury in fish 

should be 0.2 ppm for those persons that eat large quantities of fish (Wheatley 1979). Although the latter 

guideline value no longer has official status, it is still unofficially considered by Health Canada and is 

frequently applied in the risk assessment of fish consumption by health professionals (Wilson pers. comm. 

2012). Therefore, the 0.2 ppm guideline was also used in the current assessment of fish mercury 

concentrations.  

Proposed Manitoba Quality Objectives and Guidelines for mercury tissue concentrations of aquatic biota 

for human consumption were directly adopted from the federal Health Canada guidelines for residues in 

fish tissue (Williamson 2002) and are thus identical to the 0.5 ppm standard. 

7.2.2.4.2 Modelling Approaches 

Modelling was used to estimate maximum fish mercury concentrations in lake whitefish, northern pike, 

and walleye from the Keeyask reservoir and Stephens Lake that might be expected as a result of the 

Project. The first approach involved the evaluation of the applicability of three existing models at 

predicting fish mercury concentrations in the study area. The applicable models were then used to 

calculate fish mercury concentrations in the Keeyask reservoir and Stephens Lake. The second approach 

used current conditions in the nearby Stephens Lake as a proxy to approximate future conditions in the 

reservoir. A detailed description of the modelling approaches and methods is provided in Appendix 7E. 

7.2.3 Environmental Setting 

7.2.3.1 Pre-1997 Conditions 

TCN has formally expressed concern over high concentrations of mercury in fish from Split and Clark 

lakes as a result of CRD and Lake Winnipeg Regulation (LWR; Split Lake Cree - Manitoba Hydro Joint 

Study Group1996c). As a consequence, there has been a reduction in domestic fishing and the 

consumption of country food (including fish) by the community as people are afraid to eat fish and there 

has been an increase consumption of store bought food (Split Lake Cree - Manitoba Hydro Joint Study 

Group 1996c). TCN Members stated that the reduced quality of valuable fish has also reduced the 

income of commercial fishers (Split Lake Cree - Manitoba Hydro Joint Study Group 1996c). The 

concerns over high environmental mercury concentrations and its health and socio-economic 

consequences have been voiced by all the KCN communities (CNP Keeyask Environmental Evaluation 

Report; YFFN Evaluation Report [Kipekiskwaywinan]; FLCN Environment Evaluation Report [Draft]).  
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Long-term records exist for mercury concentrations in northern pike, walleye, and, to a lesser extent, lake 

whitefish from Split and Stephens lakes. These lakes were monitored as part of the MMMR and its 

successor programs (Jansen and Strange 2007). However, data that pre-date the completion of 

CRD/LWR exist only for northern pike and walleye from Split Lake. 

Mean mercury concentrations in northern pike and walleye from Split Lake have fluctuated greatly over 

the 20-year period from 1970–1990 (Figure 7-1) without showing any trends that could be attributed to 

the operation of either the LWR which was completed in 1976 or the CRD which went into full 

operation in 1977 (also see Bodaly et al. 2007). Maximum mean concentrations for non-commercial 

samples (i.e., excluding 1970) were observed in 1982 for both northern pike (0.52 ppm) and walleye 

(0.75 ppm). These maxima were not significantly different from means recorded in many sampling years 

between 1973 and 1990. Starting in 1990, mercury concentrations began to decrease almost linearly and, 

by 1996, concentrations of 0.21 ppm in northern pike and 0.29 ppm in walleye were the lowest (northern 

pike) or second lowest (walleye) recorded throughout the historic record until that year. Lake whitefish, 

which feed mainly on invertebrates and for which data are only available since 1983, showed a much 

smaller range in mercury concentrations than the two piscivorous species, but also decreased significantly 

from maximum concentrations of 0.10 ppm in 1986 to 0.06 ppm in 1996 (Figure 7-1). Mercury 

concentrations measured in 1982 from northern pike and walleye from the Aiken River, a tributary of 

Split Lake, were similar to values recorded in fish from Split Lake, with mean concentrations of 0.49 ppm 

in northern pike and 0.67 ppm in walleye.  

In Stephens Lake, mercury concentrations in lake whitefish (0.19 ppm), northern pike (1.05 ppm), and 

walleye (1.76 ppm) were highest when first sampled (second sample for lake whitefish) more than 10 

years after impoundment in 1970 (Figure 7-2). Since mercury concentrations typically peak within three 

to eight years of flooding (Bodaly et al. 2007), maximum mercury concentrations in fish from Stephens 

Lake were likely somewhat higher than those first recorded in the early 1980s. As observed in Split Lake, 

mercury concentrations in northern pike and walleye from Stephens Lake steadily decreased over the 

historic record, reaching approximately 0.35 ppm in both species by 1996. Lake whitefish showed a 

similar, though more moderate, declining trend; by 1996 mercury concentrations (0.10 ppm) were about 

half of those initially recorded.  

Few historic data exist on fish mercury concentrations at Gull Lake (1982) and Assean Lake (1981, 1982, 

1985, and 1996). Mean mercury concentrations in northern pike (0.51 ppm) and walleye (0.78 ppm) from 

Gull Lake were higher (mostly significantly) than those measured at Assean Lake for these two species 

(0.18–0.27 and 0.24–0.30 ppm, respectively). As observed at Split and Stephens lakes, mean mercury 

concentrations in lake whitefish from Assean Lake in 1981 (0.045 ppm) and 1985 (0.027 ppm) were 

significantly lower than in both piscivorous species.  

7.2.3.2 Current Conditions (Post-1996) 

7.2.3.2.1 Overview and Regional Context 

More than 3,000 fish from the study area were analyzed for mercury. Biological data for these fish are 

summarized in Appendix 7F and Appendix 7G. For all species, standardized mean mercury 

concentrations were usually lower than the arithmetic values, reflecting the fact that, in most cases, the 
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mean length of the fish analyzed for mercury was higher than the standard length for each species 

(Appendix 7F to Appendix 7I).  

In all years and waterbodies sampled, mean mercury concentrations were substantially higher in the 

piscivorous walleye (0.12–0.43 ppm) and northern pike (0.16–0.43 ppm), than in the benthivorous lake 

whitefish (0.03–0.10 ppm; Appendix 7H). For these three species, standardized mean mercury 

concentrations were relatively similar among the waterbodies sampled, although fish from Stephens Lake 

tended to have the highest concentrations (Figure 7-3 to Figure 7-5). 

Mercury concentrations in lake whitefish, northern pike, and walleye from Split and Stephens lakes have 

continued the pattern of decline observed historically (as described in Section 7.2.3.1), such that the most 

recent (2005) concentrations of 0.18 ppm in northern pike, 0.12–0.20 ppm walleye, and 0.03 ppm in lake 

whitefish are the lowest of the entire record (Figure 7-1 and Figure 7-2). For both lakes, the current 

(minimum) concentrations are lower (substantially lower in northern pike and walleye) than the lower 

95% confidence limit of the mean of unregulated lakes in northern Manitoba used to calculate 

background concentrations in Bodaly et al. (2007). However, the data for the lakes used in Bodaly et al. 

(2007) to assess background conditions were mainly available only as small samples of large fish for years 

prior to 1985, conditions that tend to result in elevated concentrations compared to means from more 

recent collections (Jansen unpubl. data 2006). Therefore, the current mercury concentrations in lake 

whitefish, northern pike, and walleye should not necessarily be interpreted to fall below natural 

background concentrations. 

In all years, the mean mercury concentrations in fish species sampled from study area lakes were below, 

in most cases substantially below, the Health Canada (2007) 0.5 ppm standard for commercial marketing 

(Figure 7-3 to Figure 7-5; Appendix 7H and Appendix 7I). While the mean mercury concentrations in 

lake whitefish never exceeded the 0.2 ppm threshold for safe consumption for persons eating large 

quantities of fish (Wheatley 1979), average concentrations in northern pike and walleye exceeded this 

threshold in some years for some waterbodies (Appendix 7H). 

When considering mercury concentrations of individual fish rather than mean values, from 0–27% of the 

lake whitefish, 36–90% of the northern pike, and 4–100% of the walleye exceeded the 0.2 ppm threshold, 

and from 0–55% of the northern pike and 0–44% of the walleye had mercury concentrations above the 

0.5 ppm standard (Appendix 7J). In more recent years (2004–2006), the percentage of individuals in 

excess of these thresholds has generally decreased. This pattern was not clearly associated with 

concomitant changes in fish size or age distribution. 

Generally, forage fish (mainly less than 120 mm fork length) had substantially lower mercury 

concentrations (0.02–0.15 ppm, arithmetic mean) than most of the large-bodied fish in all years and 

waterbodies (Figure 7-6; Appendix 7I). Mercury concentrations in the two shiner species were mostly 

significantly higher than those in rainbow smelt, trout-perch, and juvenile yellow perch and white sucker, 

reaching mean arithmetic concentrations of approximately 0.15 ppm in Stephens Lake. Mean arithmetic 

concentrations of all forage fish species from Stephens Lake in 2003 were, for the most part, significantly 

higher compared to their conspecifics from Gull Lake. 
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In order to provide regional context to the mercury concentrations measured in study area lakes, lake 

whitefish, northern pike, and walleye were sampled for mercury from the AEA offsetting lakes in  

2004–2006. Biological data recorded from these fish are summarized in Appendix 7K. Mean mercury 

concentrations in lake whitefish from seven of the AEA offsetting lakes ranged from 0.04 to 0.06 ppm 

and did not significantly differ among waterbodies except for Kiask Lake, which had higher 

concentrations than lake whitefish in Christie and Waskaiowaka lakes (Table 7-1). Mercury 

concentrations in the two piscivorous species from eight of the AEA offsetting lakes were generally 

higher and much more variable between lakes than observed for lake whitefish. Mean concentrations 

ranged from 0.12–0.22 ppm in northern pike and from  

0.11–0.38 ppm in walleye (Table 7-1). Concentrations regularly differed significantly between lakes, and, 

particularly in walleye, were often higher in the lakes located to the north of the Nelson River compared 

to the south (Figure 7-7). 

As observed in fish from the study area lakes, mean mercury concentrations in all species captured from 

the AEA offsetting lakes were always below the 0.05 ppm standard for commercial marketability (Figure 

7-7). Furthermore, mean concentrations in lake whitefish, northern pike, and walleye were always, mostly, 

and sometimes, respectively, below the 0.02 ppm threshold for safe consumption of large amounts of 

fish. The proportion of individual fish exceeding the 0.2 ppm threshold was also similar, if not slightly 

lower, to study area lakes, ranging from 0–16% of lake whitefish, 19–78% of northern pike, and 5–91% 

of walleye. Up to 16% and 46% of the individual northern pike and walleye, respectively, exceeded a 

concentration of 0.5 ppm (Appendix 7L). 

Lake whitefish from study area lakes in 2005 generally had similar mercury concentrations to their 

conspecifics from the AEA offsetting lakes, with the exception of Kiask Lake where concentrations were 

significantly higher than at either Split or Stephens lakes (Figure 7-7). For northern pike, mercury 

concentrations in study area lakes were also generally similar to fish from the AEA offsetting lakes, 

except for Thomas, Cyril, and Atkinson lakes, where fish had significantly lower mercury concentrations 

(Figure 7-7). Differences in mercury concentrations between study area lakes and the AEA offsetting 

lakes were most pronounced for walleye. Fish from the northern AEA offsetting lakes generally had 

higher mercury concentrations than their conspecifics from study area lakes, and, for Pelletier and 

Christie lakes, this difference was significant (Figure 7-7). Excluding the very low value for Split Lake in 

2005, concentrations in walleye from the two southern AEA offsetting lakes were lower compared to the 

rest of the study area lakes, and, in War Lake, were significantly so. 

For a broader regional context, fish mercury concentrations from Keeyask Study Area lakes were 

compared to those from lakes along the CRD route that were sampled as part of the Wuskwatim Project 

environmental studies. Concentrations, particularly in walleye and northern pike from study area lakes in 

2002–2006, were often considerably and significantly lower than those from lakes along the CRD route in 

2000–2007 (Jansen and Barth 2003; Jansen and Strange 2009; Jansen 2009). Furthermore, the declining 

trend in mercury concentrations observed for study area lakes from 1999–2006 was not evident in 

Wuskwatim Project lakes between 2001 and 2007 (Jansen 2009). 

The following sections provide detailed results for each of the areas from which fish mercury data were 

collected. 
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7.2.3.2.2 Split Lake Area 

Recent (1998–2006) fish mercury data are available from four waterbodies in the Split Lake area: Split 

Lake, Clark Lake, Assean Lake, and the Aiken River (Map 7-1). A total of 409 northern pike, 439 walleye, 

179 lake whitefish, and 122 rainbow smelt were sampled from these waterbodies (Appendix 7H and 

Appendix 7I). Of these fish, 111 lake whitefish, northern pike, and walleye were collected by DFO in 

1998 (i.e., not part of the Keeyask environmental studies). 

Mean mercury concentrations in lake whitefish, northern pike, and walleye from Split Lake have 

continued to decline from historic peak values (see Section 7.2.3.1). Lake whitefish and walleye had 

significantly lower mercury concentrations in 2005 than in earlier sampling years, and, while not 

significant, a similar pattern was observed for northern pike. With 0.03 ppm for lake whitefish, 0.18 ppm 

for northern pike, and 0.12 ppm for walleye, mercury concentrations in 2005 were the lowest measured 

during all study years (Figure 7-1).  

Apart from the long-term declining trend in Split Lake, mercury concentrations in the large-bodied fish 

have generally been relatively stable and low in area waterbodies since 2001 (Figure 7-3 to Figure 7-5; 

Appendix 7H). Concentrations in lake whitefish were higher (but not significantly so) in Split Lake, which 

is located on the CRD route, than in Assean Lake, which is connected to, but located off of the CRD 

route, in common data years. However, mercury concentrations in lake whitefish from both these lakes 

remained well below 0.1 ppm (Figure 7-3; Appendix 7H). Mean mercury concentrations for the two 

large-bodied piscivores, northern pike and walleye, were consistently below 0.35 ppm, and only a few 

significant differences existed between sampling years and waterbodies (Figure 7-4 and Figure 7-5). 

Similar to the results for lake whitefish, northern pike and walleye from Assean Lake consistently 

(although not significantly) had the lowest mercury concentrations in the Split Lake area in the two years 

data were collected (2001 and 2002).  

Mercury concentrations in walleye and northern pike from Split Lake, Clark Lake, Assean Lake, and the 

Aiken River were generally similar between sampling years. The only significant difference in 

concentrations observed for both species was for Clark Lake in 2004 and 2006, with the 2006 

concentration being higher (Figure 7-4 and Figure 7-5). This difference might be at least partially due to 

the fact that the walleye and northern pike analyzed for mercury from Clark Lake in 2006 were on 

average at least one year older than their conspecifics sampled in 2004 (Appendix 7F). Mercury 

concentrations have been shown to be more strongly associated with fish age than with fish length, 

particularly in walleye (Green 1986; Jansen and Barth 2003), and length standardization may not 

adequately standardize mercury concentrations if the age at a certain length (i.e., growth rate) differs 

between fish samples. 

The mean mercury concentration of walleye (0.12 ppm) from Split Lake in 2005 was not significantly 

different from the length standardized mean of 0.15 ppm obtained for 15 walleye analyzed for trace 

metals in 2004 using a different analytical laboratory than the fish mercury component (see Section 

7.3.3.2.1).  

Northern pike and walleye from the Aiken River were sampled from two locations in 2006, near York 

Landing and near Ilford (Map 7-1). Mercury concentrations in northern pike from York Landing 
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(0.26 ppm) and Ilford (0.25 ppm) were almost identical, whereas walleye from York Landing (0.19 ppm) 

had significantly lower mercury concentrations than their conspecifics caught near Ilford (0.24 ppm; 

Appendix 7H). The latter fish were on average more than a year older than those sampled at York 

Landing (Appendix 7F), which could have contributed to their higher mercury concentrations. 

Except for fish from Split Lake in 2002, rainbow smelt mercury concentrations did not significantly 

correlate with fork length in the Split Lake area (Appendix 7D), and therefore arithmetic mean 

concentrations were used for comparisons. Mercury concentrations were generally very low in the area, 

ranging from 0.017 to 0.039 ppm (excluding the mean of 0.068 ppm for a sample of only six fish for Split 

Lake in 2005; Figure 7-6). Concentrations for the three years from Split Lake were all significantly higher 

than for the one sample from Clark Lake in 2004, a year for which no data existed for Split Lake. 

7.2.3.2.3 Keeyask Area 

Recent (1999–2006) fish mercury data are available in the Keeyask area for Gull Lake and the section of 

the Nelson River west of Gull Lake extending to Birthday Rapids (Map 7-1) from a total of 183 northern 

pike, 124 walleye, 69 lake whitefish, 218 rainbow smelt, 51 emerald shiner, 94 spottail shiner, 77 trout-

perch, 95 juvenile yellow perch, and 38 juvenile white sucker. 

Mean mercury concentrations in lake whitefish from Gull Lake were consistently less than 0.10 ppm 

(Figure 7-3), and concentrations in northern pike and walleye were consistently less than 0.32 ppm 

(Figure 7-4 and Figure 7-5). Concentrations in the two piscivores were higher (significantly for northern 

pike) in 1999 than in subsequent years. Generally, mercury concentrations in lake whitefish, northern pike 

and walleye from Gull Lake have been relatively stable since 1999, with the exception of the high value 

for northern pike in 1999 and considering that data on lake whitefish are only available for the three years 

from 1999–2001 (Figure 7-4).  

Mean mercury concentrations of northern pike and walleye from the Nelson River between Clark and 

Gull lakes in 2006 were lower, but not significantly so, than of their conspecifics from Gull Lake in the 

same year (Appendix 7H). The mean concentration in northern pike was identical to the length 

standardized mean of 0.16 ppm  obtained for northern pike from the Nelson River that were analyzed 

for trace metals in 2004 using a different analytical laboratory than for the fish mercury component (see 

Section 7.3.3.2.1). 

Mean arithmetic mercury concentrations in rainbow smelt were generally very low in the Keeyask area, 

ranging from 0.02–0.07 ppm (Figure 7-6). Concentrations in rainbow smelt from Gull Lake decreased 

significantly from 0.052 to 0.016 ppm between 2001 and 2004, but returned to 0.052 ppm in 2006 

(Figure 7-6). With arithmetic concentrations ranging from 0.05–0.10 ppm in 2003 and 2004, spottail 

shiner and emerald shiner had mercury concentrations that were 3–6 times higher than those of rainbow 

smelt in the same years (Appendix 7I). Trout-perch and juvenile yellow perch and white sucker from Gull 

Lake in 2004 had mercury concentrations that were only slightly elevated compared to rainbow smelt. 

Intraspecific (i.e., individuals from the same species) comparisons of forage fish from backwater and 

mainstem habitat in the Nelson River within Gull Lake showed that mercury concentrations were similar 

in 2004 (Appendix 7I). These results indicated that pathways and rates of mercury bioaccumulation were 

not substantially different in these two habitat types and/or that fish habitat fidelity, and thus 
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opportunities for differences in mercury bioaccumulation, was not sufficient to result in divergent 

mercury concentrations in fish from backwaters and mainstream locations. 

7.2.3.2.4 Stephens Lake Area 

Recent (1999–2005) fish mercury data for Stephens Lake are available from a total of 149 lake whitefish, 

204 northern pike, 226 walleye, 136 rainbow smelt, 53 emerald shiner, 40 spottail shiner, 40 trout-perch, 

and 44 juvenile yellow perch. 

Mercury concentrations in lake whitefish, northern pike, and walleye from Stephens Lake have continued 

to decline from historic peak values, except for a transient and relatively small increase in 2002 

(Figure 7-2). Concentrations of 0.03, 0.18, and 0.20 ppm in 2005 for lake whitefish, northern pike, and 

walleye, respectively, were significantly lower than in previous years and represent the lowest mercury 

concentrations on record for all three species from this waterbody (Figure 7-2).  

The mean mercury concentrations of lake whitefish from Stephens Lake in 2003 and 2005 

(Appendix 7H) were not significantly different  from the length standardized mean of 0.05 ppm obtained 

for lake whitefish analyzed for trace metals in 2004 using a different analytical laboratory than for the fish 

mercury component (see Section 7.3.3.2.1).  

Mean arithmetic mercury concentrations in rainbow smelt were low and similar among the four sampling 

years, ranging from 0.04–0.06 ppm (Figure 7-6). Mean arithmetic mercury concentrations in trout-perch 

and juvenile yellow perch were similarly low at just over 0.05 ppm in the one year (2003) these species 

were sampled (Appendix 7I). In contrast, mean arithmetic concentrations in spottail shiner (0.16 ppm) 

and emerald shiner (0.15 ppm) were more than three times higher in 2003 than in rainbow smelt for the 

same year. 

7.2.3.3 Current Trends/Future Conditions 

Current trends in mercury concentrations in fish from Keeyask Study Area lakes are generally well 

understood. Mercury concentrations have been measured in several fish species in this area since 1999 as 

part of the Keeyask environmental studies and in Split and Stephens lakes for several decades (up to 35 

years) as part of long-term monitoring programs related to previous hydroelectric developments. The 

long-term pattern of mercury concentrations in Stephens Lake, which was created as a result of 

impoundment by the Kettle GS, is similar to that observed in several lakes that were flooded as part of 

CRD (Bodaly et al. 2007; Jansen and Strange 2007). 

Based on the long-term datasets for Split and Stephens lakes and the several shorter-term (5–6 years) sets 

for other waterbodies in the Study Area lakes, current mercury concentrations in lake whitefish, northern 

pike, and walleye are either still declining or stabilizing at low concentrations. It is expected that without 

any further hydroelectric development mercury concentrations will continue to fluctuate slightly around 

current (1999-2005) mean values because concentrations are presently similar to those observed in 

natural reference lakes in the general area. The potential effects of climate change on long-term fish 

mercury concentrations in the Keeyask Project area described in Section 8.6. 

Because of the almost complete lack of historic data on mercury concentrations in forage fish and the 

limited collection of such information for species other than rainbow smelt during the Keeyask 
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environmental studies, it is difficult to evaluate temporal trends in the concentrations of these small-

bodied species that serve as important prey items for large-bodied fish and other vertebrates. The 

arithmetic concentrations of 0.05, 0.15, and 0.16 ppm recorded in juvenile yellow perch, emerald shiner, 

and spottail shiner, respectively, from Stephens Lake in 2003, were substantially lower than those 

measured in 1989 by Ramsey (1990) for a small sample (n = 6) of their conspecifics (0.16, 0.29, and 

0.27 ppm, respectively). While these two datasets do not constitute a trend, the results for the three 

forage fish species are consistent with the decline in mercury concentrations observed in lake whitefish, 

northern pike, and walleye over the same time period. 

The decline in rainbow smelt mercury concentrations observed in Gull Lake between 2001 and 2004 

seems to have been transient as it was completely reversed in 2006. Mercury concentrations of this 

invasive species from all locations are perhaps best characterized as variable at a low level. While the 

introduction of rainbow smelt has been associated with an increase in mercury concentrations in 

piscivorous fish in other waterbodies (Franzin et al. 1994), the appearance of rainbow smelt in many of 

the study area lakes does not seem to have resulted in such an increase to date. To the contrary, mercury 

concentrations in rainbow smelt in these waterbodies are currently below concentrations in other forage 

species frequently consumed by large-bodied fish, such as shiners (Notropis spp.), and their introduction 

may actually be contributing to the recent declines in mercury concentrations in the piscivore populations 

(see Section 7.2.3.2.4).  

Current (2001–2006) mercury concentrations in all large-bodied fish populations examined in the study 

area fall below, and mostly substantially below, the current standard of 0.5 ppm for retail fish in Canada 

(Health Canada 2007). Furthermore, the mean concentration of all lake whitefish and cisco (see 

Appendix 7A) populations, and a few of the northern pike and walleye populations in the most recent 

years were below the 0.2 ppm consumption threshold for persons eating large quantities of fish 

(Wheatley 1979). In addition, the percentage of individual fish with mercury concentrations in excess of 

0.2 ppm has decreased for the most recent (2004–2006) data years. However, many of the larger 

individuals of the large-bodied species considered in this study still exceed one or both of the above 

threshold or standard values relating to human fish consumption. 

7.2.4 Projects Effects, Mitigation and Monitoring 

7.2.4.1 Construction Period 

Effects on fish mercury concentrations will be mainly related to the release of methylmercury and organic 

carbon from disturbed soils and vegetation during construction activities and from areas flooded during 

the construction period (see below), and to conditions favourable to increased net methylation rates in 

flooded areas. 

The site preparation at the construction camp and work areas north and east of PR 280, the construction 

of the north and south access roads and the generating station (PE SV, Section 4.4.1; PD SV) and the 

removal of standing trees from the future reservoir area (PD SV,) will disturb vegetation and soils and 

likely create additional runoff into the Nelson River. The disturbance of the soil litter/organic layer and 

the removal of terrestrial vegetation can dramatically increase methylmercury concentrations in the 
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runoff, and has been identified as a major mercury source to aquatic ecosystems 

(Munthe and Hultberg 2004) and linked to elevated mercury concentrations in fish (Bishop et al. 2009; 

Porvari et al. 2009). Although several mitigation measures will be in place to minimize the effects of 

construction activities on water quality, none of these directly address the runoff or treatment of water 

with increased mercury/methylmercury concentrations. The clearing of trees in the reservoir area and 

many other construction activities will be mainly carried out during the winter months, thus minimizing 

the disturbance of vegetation and soils and avoiding runoff at that time. Bishop et al. (2009) have 

estimated that 15–20% of the mercury in fish from Finnish forest lakes is attributable to forest 

disturbance during harvest. Most of these lakes are small (from less than one to a few square kilometres) 

but receive runoff from relatively large catchment areas compared to the conditions in the Keeyask 

Project area. Given the dilution capacity of the Nelson River as the receiving waterbody and the existing 

relatively large mercury methylation potential in the environment of the Project area, it is unlikely that the 

amounts of mercury/methylmercury entering on-system locations via runoff from construction sites will 

measurably affect the rates of mercury bioaccumulation into fishes compared to the effects of flooding.  

To verify this hypothesis, monitoring of fish mercury concentrations will continue during the Project 

construction phase. Details of fish mercury monitoring planned for the Project are outlined in 

Section 7.2.4.4.   

The flooding of terrestrial vegetation and soils in the future Keeyask reservoir will begin in the later 

stages of the construction period. During the majority of the Stage I and Stage II diversion periods, water 

levels in Gull Lake and upstream reaches of the Nelson River are predicted to be only marginally affected 

and will remain within the limits of existing maximum water levels. Therefore, effects would be expected 

to be similar to those that would occur under naturally high water levels in the area. During the latter 

stages of the Stage II diversion, when water levels are increased to near full supply level (PE SV, 

Section 4.4.1), flooding of soil and vegetation are expected to lead to a mobilization of mercury and 

microbial decomposition of (formerly) terrestrial organic matter. These effects of reservoir impoundment 

resulting in accelerated production and bioaccumulation of methylmercury will continue into the 

operation phase and are discussed in detail in the assessment of operation-related effects in the following 

section. 

7.2.4.2 Operation Period 

7.2.4.2.1 Time to Reach Maximum Mercury Concentrations in Fish 

The internal production and cycling of methylmercury in sediments and water, and the rates of 

bioaccumulation in biota are expected to increase rapidly in the Keeyask reservoir in response to flooding 

of wetlands and terrestrial soils that will be associated with reservoir creation. For example, flooded 

wetlands/peatlands produce methylmercury both at a higher rate (approximately 2 times) and for a more 

sustained time period than uplands (St. Louis et al. 2004; Bodaly et al. 2004; Hall et al. 2005). In addition to 

the type of flooded terrain, the response of environmental mercury concentrations in new reservoirs 

depends on the speed of bank erosion, water level fluctuations, hydraulic residence time, and general 

ecosystem efficiency in mercury cycling (Harris and Hutchinson 2009). Typically, a time lag exists 

between the occurrence of maximum mercury concentrations in the water column, lower trophic level 
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organisms, forage fish, and predatory fish, such that older fish at the top of the food chain will be the last 

to reach peak concentrations. Also, within species, mercury concentrations of younger individuals tend to 

increase faster than those of older fish (Schetagne and Verdon 1999b; Harris and Hutchinson 2009). The 

time required to attain maximum concentration in adult (i.e., standard sized) northern pike and walleye 

varies among boreal reservoirs, and has been reported to occur in 2–13 (mostly 4–8) years for several 

northern Manitoba reservoirs (Bodaly et al. 2007), in 10–13 years for the La Grande complex in Québec 

(Schetagne et al. 2003; Schetagne and Verdon 1999b), and 3–9 years in Finland (Verta and Porvari 1995, 

cited in Bodaly et al. 2007). A fast (less than 1 year) reservoir filling time has been associated with a much 

earlier (2–3 years post-fill, no species given) occurrence of maximum fish mercury concentrations 

compared to 6–10 years for a reservoir that took 35 months to fill (Schetagne et al. 2003). Based on these 

studies, and considering that the Keeyask reservoir will reach the initial fill level within a few months of 

dam construction (PE SV, Section 4.4.1), it can be expected that maximum mercury concentrations will 

be reached in the reservoir within 3–5 years in lake whitefish and 4–7 years in northern pike and walleye 

of standard size. These time lines are expected to be similar for fish in Stephens Lake 

When referring to predicted mercury concentrations in fish from Stephens Lake, there is potential for 

concentrations to differ between different parts of the lake. This possibility exists because Stephens Lake 

will only receive methylmercury from water and biota exported from the Keeyask reservoir, the riverine 

portion of the Lake is relatively small compared to its total area, and most of the resident lake whitefish, 

northern pike, and walleye (and their fish prey) will feed primarily in habitats distant from the mainstem. 

Differences in mercury concentrations in fish caught from different lake areas are known from Southern 

Indian Lake (SIL; Bodaly et al. 1984a) and Cross Lake in northern Manitoba, and in other areas of North 

America have been associated with habitat-specific differences in mercury supply at the base of the food 

web (Choy et al. 2008) or from arthropod prey (Chumchal et al. 2008). 

7.2.4.2.2 Predictions of Maximum Mercury Concentrations in Fish 

As outlined in Section 7.2.2.4, several modelling approaches were applied to estimate mean maximum 

mercury concentrations in lake whitefish, northern pike, and walleye in response to Keeyask-related 

flooding. All models predicted increases in concentrations above current concentrations for both the 

Keeyask reservoir and Stephens Lake (Table 7-2).  

Keeyask Reservoir 

Concentrations in lake whitefish are expected to more than double in the Keeyask reservoir, but will 

remain below 0.2 ppm. Larger increases are predicted for piscivorous species, with mercury 

concentrations increasing by 0.6–1.2 ppm over current concentrations in Gull Lake (Table 7-2). The 

values calculated using the Year 5 percentage flooding estimates were similar for lake whitefish and only 

marginally higher for northern pike and walleye than those obtained using the initial fill level of the 

reservoir (Table 7-2). The values derived from the Stephens Lake proxy model were much higher 

(1.3 ppm for northern pike, 1.4 ppm for walleye) than those estimated using the Johnston et al. (1991) 

Percentage Flooding model (0.8 ppm for both species; see Appendix 7E). 

There are several limitations to the Johnston et al. (1991) model(s) that must be considered when 

interpreting its predictions for fish mercury levels in the Keeyask reservoir and Stephens Lake: 
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 Few of the reservoirs used to build the model(s) had extensive in-lake flooding with no upstream 

effects, as is predicted to occur in the Keeyask reservoir;  

 The Percentage Flooding model explained between 38% (for northern pike) and 57% (for walleye) of 

the variation in fish mercury burden (Johnston et al. 2001), resulting in considerable uncertainties 

when the model is applied to predict mercury concentrations; 

 The measurement of fish mercury concentrations used in the Johnston et al. (1991) model(s) 

generally began after peak concentrations occurred, such that maximum mercury burdens used for 

modelling were likely lower than actual burdens. This may have resulted in an underestimation of 

predicted concentrations in the Keeyask reservoir; and  

 The model(s) does not include the effect of flow rate  

The last issue may be of particular relevance for the Keeyask reservoir, which is expected to have a 

relatively short hydraulic residence time of up to 30 hours within the mainstem, approximately 30 days 

within the newly formed back-bay, and only longer in more sheltered, shallower areas farthest from the 

river mainstem (PE SV, Section 4.4.2.2). Fast flows and a short reservoir residence time have the 

potential to dilute and/or remove newly generated methylmercury in the water column before it enters 

the food web and is biomagnified in consumers at higher trophic levels. For a given amount of flooding, 

fish mercury concentrations will be lower where flow through the reservoir is high. Although most 

reservoirs used to build the Johnston et al. (2001) models were riverine in nature, the hydraulic residence 

times and the ratios of lacustrine to riverine areas were likely larger than is expected for the Keeyask 

reservoir. Such differences in hydrology also apply to the Stephens Lake proxy model, and suggest that 

based on flow rates alone, the predicted fish mercury concentrations for the Keeyask reservoir tend to be 

an overestimate. 

When considering all of the above factors that could not be (fully) accounted for in the models used to 

make quantitative predictions of mercury concentrations in Keeyask reservoir fish, maximum 

concentrations in northern pike and walleye can be expected to reach or slightly exceed 1.0 ppm. 

Stephens Lake 

Fish mercury concentrations in Stephens Lake are expected to increase much less than in the Keeyask 

reservoir. The model predicted maximum values to increase by approximately 30% in lake whitefish to 

0.12 ppm and approximately 50% in northern pike and walleye, such that concentrations will peak just 

above 0.4 ppm for the two predatory species (Table 7-2). These estimates could be considered high 

because Stephens Lake and the Keeyask reservoir were treated as one waterbody for modelling purposes, 

although no actual flooding will occur within Stephens Lake. Conversely, the expected increase in 

methylmercury concentrations in the Keeyask reservoir (see above) combined with the predicted short 

hydraulic residence time will potentially result in substantial downstream transport of methylmercury in 

the water and, perhaps, lower trophic levels plants and animals that may more than compensate for the 

lack of increased in situ methylation in Stephens Lake. Increases in fish mercury concentrations in 

downstream environments have been attributed to the export of methylmercury from reservoirs in 

Manitoba (Bodaly et al. 2007), Québec (Schetagne et al. 2003) and Newfoundland and Labrador (Harris 
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and Hutchinson 2007). It is difficult to quantify the effect of downstream transport on fish mercury 

concentrations because of the paucity of similar assessments in the literature and the site and species 

specificity of the downstream effect (Bodaly et al. 2007; Harris and Hutchinson 2007). Considering the 

multiple sources of uncertainty associated with predicting mercury concentrations in fish from Stephens 

Lake and using a conservative approach, it is expected that concentrations may reach 0.5 ppm in 

northern pike and walleye and may also be higher (i.e., 0.15 ppm) in lake whitefish, at least in those areas 

of Stephens Lake close to the riverine corridor. Mercury concentrations in lake whitefish have the 

potential to be higher than the model predictions for a reason that does not apply to the two piscivorous 

species. Lake whitefish has been shown to switch from a diet of mainly invertebrates to one almost 

entirely consisting of fish downstream of Québec generation stations (Schetagne and Verdon 1999b; 

Schetagne et al. 2003). This behaviour seems to be particular to large fish (greater than 450 mm) that feed 

on stunned and dead forage fish in the tail waters of turbine outlets and spillways. Mean mercury 

concentrations in this segment of lake whitefish populations have been reported to be as high as 3.0 ppm, 

whereas, their similar-sized conspecifics in the reservoir had concentrations of approximately 0.5 ppm 

(Schetagne and Verdon 1999b; Schetagne et al. 2003). Such a large (or any) difference in lake whitefish 

mercury concentrations upstream and downstream of hydroelectric dams is unknown from Manitoba 

GSs. Thus, maximum mean mercury concentrations in lake whitefish are not expected to exceed 

0.15 ppm in Stephens Lake 

It must be emphasized that although an attempt was made to provide quantitative estimates of future 

mercury concentrations in the Keeyask reservoir and downstream areas, all predicted values should be 

treated more as indicators and not as precise quantitative predictions. 

7.2.4.2.3 Duration of Maximum Mercury Concentrations in Fish 

The duration of peak mercury concentrations is not well known for most northern Manitoba reservoirs 

because of year to year variability in concentrations and insufficient temporal resolution of the data. 

However, the temporal pattern in fish mercury concentrations for the few northern Manitoba reservoirs 

that were frequently sampled during the time when maximum concentrations likely occurred (e.g., South 

Bay of SIL, Threepoint and Wuskwatim lakes, Limestone reservoir) indicates that peak concentrations do 

not last for more than a few years (Jansen and Strange 2007). This conclusion is further supported by the 

evolution of fish mercury concentrations from the reservoirs of the La Grande complex in Québec 

(Schetagne et al. 2003). Most of these boreal reservoirs likely experienced mineral shoreline erosion and 

disintegration of fringing peatlands for several decades after the initial fill level was reached (for SIL see 

Newbury and McCulloch 1984), potentially stimulating mercury methylation beyond the initial pulse soon 

after reservoir flooding. For the Keeyask reservoir, the shoreline erosion is predicted to be mainly due to 

peat disintegration (a good source of inorganic mercury and carbon energy for methylating bacteria; see 

Section 7.2.1) which will increase the reservoir area by approximately 7.5 square kilometres (km2) (i.e., 8% 

of initial reservoir area) 30 years after impoundment (PE SV, Section 6.4.2.1). Most of the peatland 

disintegration is expected to occur in the first 10–15 years after reservoir creation, i.e., during the time 

when maximum fish mercury concentrations will be established. Thus, maximum mean concentrations in 

fish from the Keeyask reservoir may persist slightly longer than in some of the CRD reservoirs. 
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7.2.4.3 Residual Effects 

Several studies from boreal reservoirs have shown that fish mercury concentrations will eventually return 

to pre-flooding or background (i.e., local reference lakes) concentrations; however, the time course in 

which this occurs can be in the order of 20–30 years for piscivorous species (Schetagne and Verdon 

1999; Schetagne et al, 2003; Bodaly et al. 2007; Jansen and Strange 2007). The precise mechanisms that 

determine the return time (i.e., residual effect) are not well understood, but likely include several 

reservoir-specific factors, such as the trophic structure of the resident fish community, maximum fish 

mercury concentrations attained, reservoir morphometry, and the magnitude and duration of peatland 

disintegration in the reservoir. It is expected that the return time for the Keeyask reservoir, which will 

experience continuing, although decelerating peatland disintegration for several decades post-

impoundment (PE SV, Section 6.4.2.1), will be similar, though slightly shorter compared to that observed 

at Stephens Lake after the construction of the Kettle GS. It took between 20 and more than 30 years for 

peak mercury concentrations in lake whitefish, northern pike, and walleye to return to background 

concentrations after the lake experienced approximately 70% flooding in 1970 (Derksen and Green 1987; 

CMAMM 1987) 

7.2.4.3.1 Construction Period 

No residual effects of the construction period on fish mercury concentrations are expected. 

7.2.4.3.2 Operation Period 

The residual effects on fish mercury concentrations will vary between the three areas considered: 

 No or minimal effect are expected for Split/Clark Lake because the few fish that might migrate into 

the area from the Keeyask reservoir (and thus may have elevated mercury concentrations) will not 

measurably affect the average mercury level in area fish.  

 Flooding of terrestrial areas, eroding shorelines and weekly water level fluctuation in the reservoir 

(i.e., extending to the beginning of Clark Lake) will result in increased fish mercury concentrations. 

Predicted maximum mean mercury concentrations are expected to reach just above 1.0 ppm in 

northern pike and walleye within three to eight years after reservoir creation, and concentration 

higher than background may persist in these two species for up to 30 years. 

 Export of water and biota with elevated mercury concentrations from the reservoir into Stephens 

Lake is expected to result in mean maximum mercury concentrations of approximately 0.5 ppm for 

northern pike and walleye with concentrations differing depending on where fish spend most of their 

lives in the lake. Pre-Project or background concentrations may not be reached for up to 25 years in 

fish from some areas of Stephens Lake. 

7.2.4.3.3 Summary of Residual Effects 

The Project effects on fish mercury concentrations in the Keeyask reservoir are considered to be large, of 

medium geographic extent, and long-term (up to approximately 30 years) (Table 7-3). For Stephens Lake, 

the effects are expected to be moderate, of medium geographic extent, and of medium- to long-term (less 

than 25 years) duration. 
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The technical assessment of fish mercury concentrations is based on models, scientific literature, and 

information collected from a proxy reservoir (i.e., Stephens Lake) and the overall certainty associated with 

the predictions is moderate to high. There is high certainty regarding the nature and direction of effects 

and moderate to high certainty with regard to the magnitude and the duration of effects predicted for the 

Keeyask reservoir and areas of Stephens Lake near the river mainstem. There is low certainty as to how 

far effects will extend into the northern parts of Stephens Lake; therefore the assessment was based on 

the worst case of effects to all fish in Stephens Lake. 

7.2.4.4 Environmental Monitoring and Follow-up 

As described in Chapter 8 of the Keeyask Generation Project: Response to EIS Guidelines, 

Environmental Monitoring Plans are being developed as part of the Environmental Protection Program 

for the Project. The intent of the monitoring plans is to determine whether effects of the Project are as 

predicted and mitigation measures are functioning as intended. The monitoring plans will also provide for 

follow-up actions if effects are greater than predicted: the actions that would be taken depend on the 

nature and magnitude of the effect. The design of the monitoring plans will also consider uncertainties 

identified during the analysis and/or raised by the KCNs or during the regulatory review process. For 

example, the technical analysis predicts that effects to water quality will occur within the reservoir and 

downstream but that no effects will occur upstream in Split Lake; based on local knowledge, the KCNs 

have identified effects to Split Lake and therefore, Split Lake is being included in the monitoring 

program.  

An outline of monitoring planned for the mercury in fish tissue component of the aquatic environment is 

provided below. A detailed monitoring plan will be provided in the Aquatic Effects Monitoring Plan 

(AEMP). This document will provide a detailed description of the rationale, schedule, sampling locations 

and sampling methods for the technical monitoring that is proposed for the Project. This plan will be 

implemented in consultation with regulators, in particular DFO and Manitoba Conservation and Water 

Stewardship, and it is expected that it will change based on regulatory review and on-going review of 

monitoring results. This monitoring plan will be implemented during the construction phase of the 

Project and will continue into the operations phase. Reports detailing the outcomes of monitoring 

programs will be prepared and submitted to regulators, to meet conditions of the Environment Act 

licence and other authorizations for the Project.  

Mercury levels in the tissues of selected fish species (walleye, northern pike, lake whitefish, and one-year 

old yellow perch) will be measured to continue with pre-Project baseline monitoring and to verify post-

Project predicted increases for fish from the Keeyask reservoir and Stephens Lake including uncertainties 

regarding the direction and magnitude of increases. In addition to the Keeyask reservoir and Stephens 

Lake, a number of waterbodies not predicted to experience increased fish mercury levels will be 

monitored. These include Split Lake, Assean Lake, and the Aiken River (also to address the concerns of 

the KCNs) and one off-system (reference) lake still to be determined. Results on mercury levels in fish 

tissue will be used to inform health communications undertaken as part of the mercury-in-foods 

programs outlined in the SE SV (Section 5.4.2.3). Fish mercury concentrations will be monitored 

regularly starting in 2013. Once the full supply level of the reservoir is reached, concentrations will be 

measured annually until maximum concentrations are reached, and every three years thereafter until 
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concentrations are stable. For a more detailed description of the monitoring of fish mercury 

concentrations see the AEMP. 

7.3 TRACE ELEMENTS 

7.3.1 Introduction 

With the exception of mercury, hydroelectric development generally does not result in increased 

accumulation of trace elements in biota. Fish from the study area were analyzed for muscle 

concentrations of trace elements (particularly trace metals/metalloids) in order to establish a 

concentration baseline. Fish muscle was selected for the analysis because it is the main exposure route for 

humans. These analyses included mercury because it is part of the whole suite of elements that is 

routinely analysed by the laboratory when a ―trace metal‖ analysis is requested. Concentrations of trace 

metals have been studied extensively in aquatic biota at metal-contaminated sites; these and other studies 

have shown that trace metals other than mercury do not biomagnify and that fish muscle tissue is not a 

good indicator of environmental exposure (e.g., Miller et al. 1992; Pip and Stepaniuk 1997). Pip and 

Stepaniuk (1997) found an inverse relationship between fish size or age and muscle concentrations of 

lead, copper, and cadmium in lake whitefish and northern pike from the Nelson River, indicating that as 

these fish grow and age at least some elements are removed faster from muscle tissue than they are taken 

up. Under normal conditions (i.e., no local sources of contamination), trace element concentrations in 

fish muscle are much lower than existing tissue residue guidelines for the protection of human consumers 

of aquatic biota (e.g., lead and arsenic; Williamson 2002). 

7.3.2 Approach and Methods 

7.3.2.1 Overview to Approach 

The general approach taken for the impact assessment of trace metals in fish differed slightly than that 

for mercury (see Section 7.2.2.). The existing conditions in the study area were described but a 

quantitative assessment of the potential impacts was not conducted because trace element concentrations 

in fish (except for mercury) are not expected to be increased by the construction and operation of a 

hydroelectric GS. Instead, simple conceptual models based on the scientific literature and existing data 

from other EIS studies were used to produce qualitative predictions of future concentrations of trace 

elements in fish.  

A description of the existing conditions focused on fish of domestic and commercial importance for 

resource users (i.e., walleye, northern pike, and lake whitefish). Current trace element concentrations were 

compared to concentrations from other waterbodies in the larger region of the study area and to existing 

Manitoba tissue residue guidelines for the protection of human consumers that exist for lead and arsenic 

(Williamson 2002). 

The current conditions in the ―environmental setting‖ were defined for a period of 10 years (1997–2006), 

although the only available data on fish trace metal concentrations were collected in 2004 as part of the 
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Keeyask environmental studies. Historical information (i.e., data collected prior to1997) on fish trace 

element concentrations was not available from the study area. 

7.3.2.2 Study Area 

The study area for fish trace elements investigations extends along the Nelson River from Split Lake in 

the west downstream to and including Stephens Lake in the east. The expected magnitude of physical 

change (e.g., changes in water levels and flows) due to the Project is expected to differ substantially among 

areas (as described in the PD SV and PE SV) and, consequently, the study area was divided into several 

areas (Section 1). Three of these areas are relevant for the fish trace metal component: 

 Split Lake area, including Split Lake and adjoining waterbodies such as Assean Lake and Clark Lake, 

(i.e., the area upstream of any direct Project influence); 

 Keeyask area, including the Nelson River from the outlet of Clark Lake to approximately 4 km 

downstream of Gull Rapids (i.e., ―hydraulic zone of influence‖), and tributary streams; and 

 Stephens Lake area, including Stephens Lake and adjoining waterbodies. 

Actual waterbodies sampled for trace metal concentrations within the study area included Split Lake just 

north of the community of Split Lake, the Nelson River between Clark and Gull lakes, and Stephens 

Lake with one sampling site downstream of Gull Rapids (see Section 7.2.2.2 and Map 7M-1). The three 

waterbodies will be jointly referred to as study area lakes in the following discussion. 

7.3.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for trace elements are detailed below. 

7.3.2.3.1 Existing Published Information 

There is limited scientific information on trace element concentrations (other than mercury) in fish along 

the Rat/Burntwood/Nelson River corridor. The only other known studies measured trace metals in fish 

captured in the Nelson River above and below the Limestone GS in 1988 (Pip and Stepaniuk 1997), and 

in fish captured along the Rat/Burntwood River system in 2001 and 2002 as part of Wuskwatim GS 

environmental studies (Jansen 2005). No historic information on trace element concentrations in fish 

from the study area is available. 

7.3.2.3.2 Keeyask Environmental Studies 

To describe existing conditions in the study area, fish were captured from study area lakes for trace 

element analysis between 05 and 12 October 2004. Sampling included three lake whitefish and 15 walleye 

from Split Lake, 20 northern pike from Gull Lake, and 10 lake whitefish and one walleye from Stephens 

Lake. A detailed description of the fish capture and analytical methods and the data analysis is provided 

in Appendix 7M. Calcium, magnesium, potassium, and sodium were part of the suite of elements that 

were analyzed. These metals usually occur in vertebrate tissues in concentrations of greater than 100 μg/g 
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(ppm) and are not considered trace elements. Therefore, they were not included in the present 

assessment.  

7.3.2.4 Assessment Approach 

The general approach applied for characterizing the existing conditions for fish trace metal 

concentrations in the study area involved the compilation of existing data and information for the area, 

and the conduct of baseline field studies to generate information needed to support the assessment. 

Additionally, fish trace element concentrations from study area lakes were compared to those from 

waterbodies in the same geographical region to evaluate if and how concentrations differ regionally. 

Lastly, trace element concentrations in fish were compared to established standards and guidelines. 

The information sources used to describe anticipated effects of the Project on trace element 

concentrations in fish and their human health-related effects included: 

 Local knowledge; 

 Results from other components of the Keeyask environmental studies, such as water and sediment 

quality; 

 Use of empirical information for existing reservoirs in Manitoba; and 

 Other information in the published literature. 

7.3.2.4.1 Federal and Provincial Objectives and Guidelines 

Proposed Manitoba quality objectives and guidelines for tissue concentrations of aquatic biota for human 

consumption exist for only a few of the trace elements considered in this report, namely mercury 

(discussed in Section 7.2), arsenic, and lead (Williamson 2002). The respective guideline values are 

included in Table 7-4. 

7.3.3 Environmental Setting 

7.3.3.1  Pre-1997 Conditions  

No historic scientific data exist for trace metals other than mercury in study area lakes. However, the Split 

Lake Cree have expressed concern for the reduced quality of fish from Split and Clark lakes, particularly 

the high concentrations of mercury (see Section 7.2), as a result of CRD and LWR (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996c). As a consequence, fishing has been reduced and the 

consumption of country food (including fish) has gone down because people are afraid to eat fish; people 

now consume more store bought food. The reduced quality of valuable fish had also reduced the income 

of commercial fishers (Split Lake Cree - Manitoba Hydro Joint Study Group1996c). 

7.3.3.2 Current Conditions (Post-1996) 

7.3.3.2.1 Overview and Regional Context 
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Lake whitefish analyzed for trace elements had a fork length of 410–536 mm and were 7–20 years old; 

northern pike ranged in length between 552 and 705 mm and in age from 4–10 years, and walleye 

measured 382–485 mm at ages of 6–11 years. The mean lengths, weights, and ages of the three species 

are presented by waterbody in Table 7-5. The concentrations of most trace elements were at or below the 

detection limits of the analytical method used (Table 7-4). All mean and individual fish concentrations of 

arsenic, lead, and mercury, the elements with existing Manitoba guidelines for the protection of human 

health (Williamson 2002), were below (mercury) or well below (arsenic and lead) the guideline limits. 

Both arithmetic and length standardized mean mercury concentrations were not significantly different 

and were typically very similar to those concentrations independently obtained for the same species and 

waterbodies in 2002–2006 as part of the fish mercury component of the Keeyask environmental studies 

(see Section 7.2.3.2; Appendix 7H). This congruence with data from a much larger data set also provides 

some measure of confidence in the results from the trace metal analyses in general, that for most lakes 

were based on relatively small sample sizes. 

A few differences existed in element concentrations among fish species. For example, lake whitefish had 

higher concentrations of cobalt and strontium than both northern pike and walleye (which were below 

detection limit; Table 7-4). Furthermore, lake whitefish and northern pike had similar and significantly 

higher concentrations of manganese and zinc than walleye. However, it must be cautioned that some of 

these differences could be due to a location effect, because the interspecific comparisons involved mostly 

fish from different waterbodies. Pip and Stepaniuk (1997) found no significant differences in the muscle 

concentrations of lead, copper, and cadmium between lake whitefish and northern pike from the Nelson 

River downstream of the study area (see below). 

Generally, trace element concentrations in the fish collected as part of the Keeyask environmental studies 

were similar to concentrations seen in four waterbodies on the Burntwood River section of the CRD 

route (Jansen 2005). A notable difference existed in that all three species from Keeyask Study Area lakes 

(sample sizes of 1–3 fish were excluded) had 2–3 times higher concentrations of copper than their 

conspecifics from lakes and rivers on the diversion route, while mean iron concentrations were (mostly) 

2–3 times higher in fish from the CRD waterbodies than those from study area lakes. These differences 

were significant. Copper concentrations in lake whitefish and northern pike from study area lakes were at 

least twice the concentrations observed in these species obtained near the Limestone GS in 1988, 

whereas concentrations in lead and cadmium were at least an order of magnitude lower 

(Pip and Stepaniuk 1997). These authors further reported that copper was higher in the skeletal muscle of 

northern pike captured downstream of the Limestone GS relative to upstream, which was thought to 

reflect a difference in copper concentrations in the environment (e.g., water and sediment). No such 

spatial difference was noted for the other elements (i.e., cadmium, lead) in northern pike or in any of the 

three trace metals that were analyzed from lake whitefish (Pip and Stepaniuk 1997). 

7.3.3.3 Current Trends 

No trends can be observed as there is no data for the study area with which to compare the 2004 results. 
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7.3.4 Project Effects, Mitigation and Monitoring 

7.3.4.1 Construction Period 

No marked increases of trace elements are expected in the aquatic environment due to construction 

activities (for mercury see Section 7.2) and, as a result, no measurable changes in fish trace metal 

concentrations are anticipated. 

7.3.4.2 Operation Period 

Most trace element concentrations (i.e., total metals) are not expected to increase measurably in the 

Keeyask reservoir water column during Project operation. Furthermore, the bioavailability of dissolved 

metals is predicted to be reduced because of complex formation with organic acids. The few elements 

that are expected to increase in water concentrations are currently well above (iron and aluminum) or 

occasionally exceed (silver and selenium) Manitoba Water Quality Standards, Objectives, and Guidelines 

(MWQSOGs; Williamson 2002). No tissue residue guidelines for the protection of human consumers 

exist for these four elements. Despite their regular exceedance of guideline values for water, 

concentrations of iron, aluminum, silver, and selenium in fish muscle from all study area lakes sampled in 

2004 were quite low and, with the exception of aluminum, were at or slightly above the detection limit of 

the analytical method used. Except for mercury, no substantial changes in total trace element 

concentrations in fish are anticipated as a result of the operation of the Keeyask GS. The predicted 

increases in methylmercury concentrations are considered in detail in Section 7.2.4.  

7.3.4.3 Residual Effects  

No residual effects of the construction and operation of the Keeyask GS are expected to measurably 

affect fish trace metal concentrations (Table 7-6). The technical assessment of trace elements in fish 

tissue is based on scientific literature. The overall certainty associated with the predictions is high. 

7.3.4.4 Environmental Monitoring and Follow-up 

No monitoring is required 

7.4 T. CRASSUS INFECTION 

7.4.1 Introduction 

Several coregonine species, including lake whitefish and cisco, are second intermediate hosts of the 

cestode Triaenophorus crassus (Miller 1952; Lawler and Scott 1954; Watson and Dick 1979). The 

plerocercoid (immature worm) of this parasite forms visible yellowish cysts in the musculature of the 

host fish. The larvae will not further develop in humans (Miller 1952) and, thus, do not present a direct 

health concern. However, the cysts are objectionable in appearance and, depending on the rate of 

infection, limit the commercial marketability of lake whitefish. Therefore, the monitoring of T. crassus 

infection rates in lake whitefish from Manitoba lakes is directly relevant to concerns regarding the 
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economic viability of many fisheries. For example, increased cysts counts and downgraded quality 

classification have been associated with the collapse of the largest commercial lake whitefish fishery in 

northern Manitoba at SIL in the early 1980s (Bodaly et al. 1984b). The Freshwater Fish Marketing 

Corporation (FFMC) routinely samples lake whitefish from Manitoba lakes with commercial fisheries and 

counts cysts from dressed fish in their laboratory in Winnipeg. Fish are then graded based on their ―rate 

of infestation‖ (RI). The presence of internal parasites is commonly referred to as an (parasitic) infection 

(Hoffman 1999) and this term is used throughout this document, except when directly referring to RI 

values as calculated by the FFMC. Historically cisco has occasionally been tested for T. crassus infections 

in northern Manitoba lakes (e.g., Sunde 1964a). However, only lake whitefish were used to describe the 

current environment and assess Project impacts because commercial fisheries in the study area exist only 

for this species. 

7.4.2 Approach and Methods 

7.4.2.1 Overview to Approach 

The general approach taken for the impact assessment of T. crassus infections in lake whitefish slightly 

differed from that for fish mercury concentrations and some of the other aquatic components. The 

existing conditions in the study area were described but quantitative predictions of Project effects on 

T. crassus infection rates were not attempted because of a generally poor understanding of the effects of 

reservoir flooding on lake whitefish infection rates by T. crassus and a lack of empirical data that would 

allow estimates of infection rates for the Keeyask reservoir. Instead, the potential for changes in post-

Project infection rates was assessed qualitatively based on the available empirical data from the study area 

and simple conceptual models based on the scientific literature.  

To be consistent with other aquatic components, the current conditions in the ―environmental setting‖ 

were defined for a period of 10 years (1997–2006). However, almost all available data on lake whitefish 

infection rates were collected in 2003 or later. 

Current T. crassus infection rates were graded using FFMC protocol (Appendix 7N) to determine two 

levels of marketability: ―export‖ and ―other‖. Infection rates and grades of lake whitefish were compared 

to those from some AEA offsetting lakes (see below) and other waterbodies in the larger region of the 

study area. 

7.4.2.2 Study Area 

The study area for the investigations of lake whitefish infection rates with T. crassus extended along the 

Nelson River from Split Lake in the west downstream to and including Stephens Lake in the east. The 

expected magnitude of physical change (e.g., changes in water levels and flows) due to the Project is 

expected to differ substantially among areas (as described in the PD SV and PE SV) and, consequently, 

the study area was divided into several areas (Section 1). Three of these areas are relevant for the T. crassus 

infection component: 

 Split Lake area, including Split Lake and adjoining waterbodies such as Assean Lake and Clark Lake, 

(i.e., the area upstream of any direct Project influence); 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 7: FISH QUALITY  7-29 

 Keeyask area, including the Nelson River from the outlet of Clark Lake to approximately 4 km 

downstream of Gull Rapids (i.e., ‗hydraulic zone of influence‘), and tributary streams; and 

 Stephens Lake area, including Stephens Lake and adjoining waterbodies. 

Actual waterbodies sampled for T. crassus infections within the study area included Split Lake, Gull Lake, 

and Stephens Lake (Map 7-1). The three waterbodies are jointly referred to as study area lakes in the 

following discussion. Lake whitefish were also collected for the assessment of T. crassus infection from 

Waskaiowaka Lake, one of the AEA offsetting lakes north of the Nelson River (see Section 7.2.2.2 and 

Map 7-1). The AEA offsetting lakes were used as regional reference lakes that will not experience direct 

physical effects of the Project and because of specific request by the KCNs. 

7.4.2.3 Data and Information Sources 

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for T. crassus infection are detailed below. 

7.4.2.3.1 Existing Published Information 

Lake whitefish infection rates with T. crassus cysts have been recorded in Manitoba since the 1950s 

(e.g., Schlick 1967a) and the extensive records of the early 1960s have been summarized by Sunde (1965a). 

These ―T. crassus surveys‖ included study area lakes and AEA offsetting lakes. Lake whitefish infection 

tests have been conducted at Split Lake in 1959 and from 1962–1966, and at the four AEA offsetting 

lakes Atkinson Lake (1963/64), War Lake (1962/63), Moose Nose Lake (1968), and Waskaiowaka Lake 

(1972) by the Federal Department of Fisheries (DFO) and/or by the Fisheries Branch of the Manitoba 

Department of Mines and Natural Resources (MDMNR; Sunde 1965a; Schlick 1967a, 1979; Moshenko 

1968). Information on T. crassus infections are also available for lake whitefish from Split Lake in 1985, 

1996, 1998, and 2004 from commercial monitoring by the FFMC  

The effects of previous hydroelectric development in northern Manitoba, including the effects on 

whitefish infection rates with T. crassus, were assessed on the Split Lake Resource Management Area as 

part of the Split Lake Cree Post Project Environmental Review (PPER; Split Lake Cree - Manitoba 

Hydro Joint Study Group 1996a, b, c). 

7.4.2.3.2 Keeyask Environmental Studies 

Eighty-seven lake whitefish were captured for T. crassus analysis as part of the Keeyask environmental 

studies from study area lakes and one Offset Lake (Waskaiowaka Lake) during summer/fall of 2003–

2006. Biological information for these lake whitefish is presented in Table 7-7. Cyst counts of T. crassus in 

lake whitefish from Split Lake were also obtained from FFMC commercial monitoring between 1985 and 

2004 (Kjarsgaard pers. comm. 2007)). 

Sampled fish were gutted and stored at -18°C in freezers for subsequent delivery to the FFMC 

(Winnipeg, MB). At the FFMC, fish were thawed, filleted, and inspected for the presence of T. crassus 

cysts in body musculature according to the ―Whitefish Inspection Protocol‖ (FFMC, a copy is provided 

in Appendix 7N). The rate of infestation (RI) was calculated as: 
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 RI = number of cysts ÷ weight of fish (lb) ×100  

Until 1999, RI values of less than 50 were graded as ―export‖, values of 50–80 were graded as 

―continental‖, and values greater than 80 were graded as ―cutter‖ by the FFMC (Kjarsgaard pers. comm. 

2009). Starting in 2000, all RI values of 50 and higher were graded as ―other‖ (Kjarsgaard pers. comm. 

2009), and this grading system was also applied to earlier data in this document. Results for 2003–2005 

were provided by the FFMC as a single RI value for the entire sample from each lake and as the total 

dressed weight of all inspected fish, whereas in 2006 cyst counts and dressed weights were available for 

individual fish. 

7.4.2.4 Assessment Approach 

The general approach applied for characterizing the existing conditions for T. crassus infections in the 

study area involved compilation of available data and information for the Area, and the conduct of 

baseline field studies to generate information needed to support the assessment. Additionally, current and 

historic rates of T. crassus infections from study area lakes were compared to those from AEA offsetting 

lakes and other waterbodies in the general geographical area to evaluate if and how infection rates differ 

regionally and if effects of hydroelectric development on infection rates can be discerned. The current 

grading system for T. crassus infection rates applied by the FFMC was used to assess potential Project 

effects on lake whitefish commercial marketability. 

The information sources used to describe anticipated effects of the Project on T. crassus infection rates of 

lake whitefish and their human health related effects included: 

 Local knowledge; 

 Results from other components of the Keeyask environmental studies, such as lower trophic levels; 

 Simple conceptual models based on the scientific literature; 

 Use of empirical information for existing reservoirs in Manitoba; and 

 Other information in the published literature. 

7.4.3 Environmental Setting 

7.4.3.1 Pre-1997 Conditions 

Historically, RI values greater than 50 have been regularly observed in northern Manitoba lakes that are 

considered both impacted or unaffected by anthropogenic activities, and that are fished either 

recreationally or commercially (Sunde 1964a, 1965a, b). Many of the waterbodies surveyed in the 1960s 

exceeded the RI threshold of 50 for unrestricted marketability in at least one sampling period 

(Sunde 1964a, 1965a, b), reaching values of up to 1,062 cysts per 100 lbs of lake whitefish (Sunde 1965a). 

However, these high RI values were often associated with small sample sizes (i.e., lower total weights) of 

fish tested, and almost all of the lake whitefish from lakes affected by CRD and LWR that were tested for 

T. crassus infection in multiple years and with larger fish samples had RI values below 50 (Sunde 1964a, 

1965a, b; Schlick 1966, 1967a, b). 
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Lake whitefish from Split Lake have had low RI values in every year they were inspected. In 1959 and the 

1960s, RI values ranged from 6 to 18 (Sunde 1965b; Schlick 1967a; one RI value of zero from a sample 

of 4 lbs was excluded), and in 1985 and 1996 were zero when sampled as part of the FFMC monitoring 

(Table 7-7). The historical infection rates of lake whitefish from Waskaiowaka and Moose Nose lakes 

were much higher than observed in Split Lake, with RI values of 108 in 1972 (Schlick 1979) and 198 in 

1968 (Moshenko 1968), respectively. Lake whitefish from Atkinson Lake in 1963/64 had RI values of 24 

and 106, whereas the infection rate of lake whitefish from War Lake in 1962/63 was only 4 cysts per 100 

lbs (Sunde 1965a).  

TCN has expressed concern for the reduced quality of fish from Split and Clark lakes, including a 

perceived increase in lake whitefish parasites, as a result of the CRD and LWR (Split Lake Cree - 

Manitoba Hydro Joint Study Group 1996c). The reduced quality of valuable fish has also been associated 

with a reduction in the income of commercial fishers. The concerns over high fish infection rates with 

T.crassus and its aesthetic and socio-economic consequences have been expressed by all the KCN 

communities. 

7.4.3.2 Current Conditions (Post-1996) 

7.4.3.2.1 Overview and Regional Context 

All of the lake whitefish sampled from study area lakes as part of the Keeyask environmental studies and 

FFMC commercial catch monitoring were graded as ―export‖ (Table 7-8). In all years, lake whitefish 

from Stephens Lake had higher RI values than lake whitefish from either Gull Lake or Split Lake. Lake 

whitefish sampled from off-system Waskaiowaka Lake in 2003 had a substantially higher RI value of 85 

compared to fish sampled from on-system lakes. Lake whitefish from Waskaiowaka Lake were graded as 

―other‖ and would have been rejected for export by the FFMC. While it is possible that the current high 

RI score in Waskaiowaka Lake may have been a result of the small number of fish sampled from this 

lake, the only previous sample of lake whitefish from this lake in 1972 showed an even higher RI value 

(Schlick 1979; see Section 7.4.3.1). Lake whitefish from the other three AEA offsetting lakes with existing 

(historical) data on T. crassus infection differed in their RI values and grades. The single samples for War 

and Moose Nose lakes resulted in a very low and a very high RI score, indicating ―Export‖ and ―Other‖ 

grade, respectively (Table 7-8). Samples from Atkinson Lake were graded as both ―export‖ and ―other‖ 

in the same sampling year (Table 7-8). 

Lake whitefish collected further upstream along the CRD route from Wuskwatim Lake between 1998 and 

2002, were, with the exception of one sample in 2001, all graded as ―export‖, having RI values ranging 

from 0 to 46 (Jansen 2005). The author partially attributed the RI value of 62 observed in 2001 to the 

small number of fish sampled. Five of the six lake whitefish samples collected from Wuskwatim Lake 

between 1961 and 1965 resulted in RI scores of 0–25 with a single outlier value of 64 (Schlick 1966). 

These results show that current and historic infection rates of lake whitefish from study area lakes are 

similar to those from other lakes in the region. 
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7.4.3.2.2 Split Lake Area 

Few cysts were observed in lake whitefish taken as part of the Keeyask environmental studies from Split 

Lake in 2003–2006. All but one sample had a RI value of 0 and the maximum value was 5 (Table 7-8). 

The seven samples taken by the FFMC in 1998 consistently had higher RI values, ranging from 8–31 with 

a mean of 16.7 (15 cysts in 90 lbs). In all cases, lake whitefish from Split Lake have been graded as 

―export‖, a classification that is consistent with the historic data for this lake (Section 7.4.3.1). 

7.4.3.2.3 Keeyask Area 

None of the 22 lake whitefish sampled from Gull Lake in 2004 and 2006 had T. crassus cysts, resulting in 

a RI value of 0 and a grade of ―export‖ (Table 7-8).  

7.4.3.2.4 Stephens Lake Area 

Lake whitefish from Stephens Lake analyzed for infections with T. crassus in 2003, 2005, and 2006 had RI 

scores of 21–37 and fish were graded ―export‖ in all three years (Table 7-8). In 2006, when inspection 

records were available for individual fish, 23 of the 26 cysts counted were observed in only three of the 

fish sampled. A high concentration of cysts in a few individuals is not unusual for lake whitefish from 

northern Manitoba (e.g., Cousins Lake; Schlick 1963) and lake whitefish in general (Pulkinen and 

Valtonen 1999). Such a pattern has been attributed to a positive relationship between cyst counts and 

host age in European whitefish (Coregonus lavaretus; Pulkinen and Valtonen 1999), although Watson and 

Dick (1979) were unable to find a dependence of T. crassus cyst abundance and fish age for lake whitefish 

from SIL. Age alone can also not explain the infection pattern observed in lake whitefish from Stephens 

Lake in 2006, as the age of the three most heavily infected fish (11, 14, 16 years) was similar to the mean 

age (12.4 years) of all 26 fish. The transmission of T. crassus from the first intermediate host (i.e., 

planktonic copepods) to the second intermediate host (e.g., lake whitefish) occurs during only a short time 

in spring in the littoral zone (Miller 1952). The resulting yearly parasite accumulation rate may be steady 

for several years, but can increase substantially once a threshold intensity is reached above which the 

probability of acquiring further parasites increases and individuals become heavily infected (Pulkkinen 

and Valtonen 1999). Such a parasite-host dynamic could have been responsible for the relative high cyst 

counts in the three fish from Stephens Lake in 2006. 

7.4.3.3 Current Trends 

There does not appear to be a distinct temporal trend in the rates of T. crassus infection for study area 

lakes. Lake whitefish from Split Lake, for which the longest record exists, have consistently had RI values 

below the threshold for ―export‖ grade in all years sampled, with RI values ranging from 0 to 17 between 

1959 and 2006 (for 1998 the mean RI for the seven samples was used). With the exception of 1998, the 

level of lake whitefish infection before and after the implementation of CRD/LWR (approximately 1976) 

was consistently close to zero, with a maximum RI value of 5. Without additional information, such as 

the age structure of the lake whitefish that were sampled for T. crassus cysts in 1998 or individual cyst 

counts, there are no obvious reasons for the higher, but still relatively low mean RI of 17 in 1998. 

The consistently low infection rates in lake whitefish from Split and Gull lakes are noteworthy 

considering that the percentage of lake whitefish in a population infected with T. crassus can vary 
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substantially between years and has been observed to reach 100% in European whitefish (C. lavaretus; 

Pulkkinen et al. 1999). The intensity of T. crassus infections is connected to the degree of plankton feeding 

in coregonines (Miller 1952, Watson and Dick 1979; Pulkkinen et al. 1999). Consistent with the low 

T. crassus infections rates, dietary data obtained as part of the Keeyask environmental studies do not 

indicate extensive zooplanktivory of adult lake whitefish in any study area lakes (see Section 5). 

7.4.4 Project Effects, Mitigation and Monitoring 

7.4.4.1 Construction Period 

Effects on T. crassus infection rates in lake whitefish are mainly related to the relative abundance of its 

intermediate and final hosts. Such a restructuring of the zooplankton and, particularly fish communities 

will occur, if at all, only over a longer time period. Although the habitat changes that potentially cause 

changes in zooplankton and fish community structure may begin during the construction period, their 

biological consequences will likely not be measurable until sometime during the operation period. 

Therefore they will be covered in the assessment of operation-related effects in the following section. 

7.4.4.2 Operation Period 

Many ecological factors affect the manifestation of T. crassus cyst in the secondary host lake whitefish, 

such as fish age, infection history, the abundance of primary host copepods, alternative invertebrate prey, 

other secondary hosts such as cisco, and northern pike as the final host (Miller 1952; Dymond 1965). 

More recently Pulkkinen et al. (1999) has shown that shifts in the abundance and intensity of food 

competition of coregonine species can affect the transmission rate of T. crassus. Some of these factors 

may be differentially affected by reservoir creation and the direction of an effect may change over time 

post-Project (e.g., zooplankton abundance; Section 4.4). Therefore, predictions of the rate of T. crassus 

infection in response to the Project based on conceptual models and linkages to other EIS study 

components will incorporate uncertainties associated with the predictions (if existing) for each individual 

component. Considering these uncertainties, it can be expected that, T. crassus infection rates of lake 

whitefish in the Keeyask reservoir and Stephens Lake will not be strongly affected by the Project. The 

predicted reduced abundance (i.e., CPUE) of lake whitefish (and other fish hosts of T. crassus) during the 

early (1–5 years) stages after the creation of the Keeyask reservoir (see Section 5) and the shift in the 

inshore zooplankton community composition from cyclopoid copepods (i.e., T. crassus vectors) to larger 

daphnids (non-vectors; see Section 4.4) will potentially reduce opportunities for parasite transmission and 

thus, result in lower cyst counts of T. crassus in lake whitefish. This tendency may be reversed in later 

years, favoured by an expected 30–40% increase in lake whitefish abundance over current levels, the 

subsiding of conditions that favour daphnids and littoral cladocera, and a moderate decrease in drifting 

invertebrates, and attenuated by a large increase in benthic invertebrates (Section 4.4 and Section 4.5). 

T. crassus infection rates of lake whitefish from Stephens Lake are not expected to change measurably 

based on the few and relatively small Project-related changes in zooplankton and benthic invertebrate 

abundance and community composition (Section 4) and effects to lake whitefish abundance are predicted 

to be mitigable (Section 5). 
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As an alternative (to conceptual models) approach to predict post-Project infection rates of lake whitefish 

by T. crassus in the study area, other northern Manitoba reservoirs for which pre- and post-impoundment 

T. crassus cyst counts are available were used as a proxy. Lake whitefish from SIL (upstream on the CRD 

route and flooded in 1976) were examined for T. crassus cyst counts between 1952 and 1982 by DFO 

(Sunde 1964b, 1965a; Bodaly et al. 1983, 1984b). These data indicate that the percentage of lake whitefish 

classified as export deceased dramatically starting in 1978, such that by 1982 100% of the summer fishery 

was classified as ―other‖ (Bodaly et al. 1984b). However, these results were not confirmed by 

experimental catches of lake whitefish conducted by DFO in 1978–1982 (Bodaly et al. 1983, 1984b), and 

it is likely that the increased T. crassus infestation rates in the commercial catch were mainly due to a 

switch in lake whitefish exploitation to more infected stocks within SIL (Bodaly et al. 1984b). Thus, it is 

doubtful that cysts levels generally increased in SIL lake whitefish post-impoundment. Such an increase 

had been predicted by Watson and Dick (1979) based on the assumption that lake whitefish in SIL will 

switch their diet more to cestode-vectoring copepods because of an expected post-impoundment decline 

in amphipod abundance. 

Although not as extensive as for SIL, pre- and post-impoundment data on T. crassus infection rates also 

exist for Wuskwatim Lake, which is located on the CRD route approximately 200 km closer to the study 

area. Five of the six lake whitefish samples collected from Wuskwatim Lake between 1961 and 1965 

resulted in RI scores of 0–25 with a single outlier value of 64 from a small sample (Schlick 1966). RI 

values for lake whitefish collected between 1998 and 2002 were similarly low (0–46), with the exception 

of one small sample in 2001 that scored a RI of 62 (Jansen 2005). Thus, T. crassus infection rates in lake 

whitefish from Wuskwatim Lake did not substantially change after CRD. 

Based on both the empirical data from SIL and Wuskwatim Lake, lakes located in the general region of 

the study area, and on conceptual models it can be expected that cyst counts of T. crassus in lake whitefish 

from the Keeyask reservoir and Stephens Lake will not be measurably affected by the Project. 

7.4.4.3 Residual Effects  

No operational effects on T. crassus infection rates of lake whitefish in the Keeyask reservoir are expected 

and, thus, no residual effects are anticipated (Table 7-9). The technical assessment of the prevalence of T. 

crassus cysts in lake whitefish is based on scientific literature and information from proxy reservoirs  

(e.g. Southern Indian Lake). The overall certainty associated with the predictions is moderate to high. 

7.4.4.4 Environmental Monitoring and Follow-up 

No monitoring is required in addition to the monitoring done by the Freshwater Fish Marketing 

Corporation.  

7.5 FISH PALATABILITY 

7.5.1 Introduction 

Palatability is an important component of fish quality since taste directly affects the acceptability of fish 

as a food source. Fish taste is also a very subjective quality as it is influenced by a person‘s age, food 
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habits, cooking style, perceptions about the food source, and other factors resulting in individual 

preferences that make generalizations about the acceptability of fish as a food source difficult. 

During the planning phase of the Keeyask Project, KCNs members expressed ongoing concerns about 

the poor flavour and mushy texture of fish they catch from their resource area waterbodies. Several 

communities requested studies to evaluate the quality of fish for human consumption when prepared 

using traditional methods.  

7.5.2 Approach and Methods 

7.5.2.1 Overview to Approach 

The general approach taken for the assessment of fish palatability differed from that for fish mercury 

concentrations and most other aquatic components. Because of the complexities of what constitutes fish 

―taste‖ and the lack of and/or prohibitive costs associated with standard analytical methods for chemical 

components associated with odour and flavour, fish taste tests were conduct with members of study area 

communities to describe the existing conditions in study area lakes. Because of a generally poor 

understanding of the effects of reservoir flooding on fish taste and a lack of taste test studies designed to 

determine potential differences in palatability before and after reservoir creation, detailed predictions of 

Project effects on fish taste were not attempted for the Keeyask reservoir. Instead, some scientific results 

on changes in fish flavour associated with reservoir creation were presented (including linkages to other 

EIS study components), including a discussion on the potential for such a response in study area lakes. 

Members of TCN, at Split Lake, YFFN at York Landing, and FLCN at Bird were asked to judge the 

palatability of lake whitefish, northern pike, and walleye from waterbodies of their choice in the vicinity 

of each community. The acceptability of the three species from lakes that had previously been affected by 

hydroelectric developments was compared by panellists from each community to fish from at least one 

nearby lake that had not been affected by hydroelectric development. 

7.5.2.2 Study Area 

The study area for the investigations of fish palatability extended along the Nelson River from Split Lake 

in the west downstream to and including Stephens Lake in the east. The expected magnitude of physical 

change (e.g., changes in water levels and flows) due to the Project is expected to differ substantially among 

areas (as described in the Project Description and Physical Environment Technical Assessment Report) 

and, consequently, the study area was divided into several areas. Three of these areas are relevant for the 

fish palatability component: 

 Split Lake area, including Split Lake and adjoining waterbodies such as Assean Lake and Clark Lake, 

(i.e., the area upstream of any direct Project influence); 

 Keeyask area, including the Nelson River from the outlet of Clark Lake to approximately 4 km 

downstream of Gull Rapids (i.e., ‗hydraulic zone of influence‘), and tributary streams; and 

 Stephens Lake area, including Stephens Lake and adjoining waterbodies. 
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Actual waterbodies sampled for fish used in the taste tests within the study area included the Aiken River, 

Split Lake, Assean Lake, Gull Lake, and Stephens Lake (Map 7-1). These five waterbodies will be referred 

to jointly as study area lakes in the following discussion. Fish for the palatability studies were also 

collected from three of the AEA offsetting lakes: Atkinson Lake, War Lake, and Waskaiowaka Lake (Map 

7-1) and the Limestone reservoir downstream of the study area on the Nelson River. The AEA offsetting 

lakes were used as regional reference lakes that will not experience direct physical effects of the Project 

and because of specific request by the KCNs. 

7.5.2.3 Data and Information Sources  

Section 1.5 summarizes the overall sources of information used for the Project, including technical 

studies, scientific publications and local knowledge. Specific sources of information used to characterize 

the environmental setting for fish palatability are detailed below. 

7.5.2.3.1 Existing Published Information 

There is limited scientific information on the palatability of fish along the Rat/Burntwood/Nelson River 

corridor. The only other known study conducted taste tests on lake whitefish, northern pike, and walleye 

from Baldock, Footprint, Leftrook, and Wuskwatim lakes in the community of Nelson House as part of 

the Wuskwatim Project EIS in 2002 (Manitoba Hydro and Nisichawayasihk Cree Nation 2003; Ryland 

and Watts 2002a).  

The effects of previous hydroelectric development in northern Manitoba, including the effects on fish 

palatability, were assessed on the Split Lake Resource Management Area as part of the Split Lake Cree 

Post Project Environmental Review (PPER; Split Lake Cree - Manitoba Hydro Joint Study Group 1996a, 

b, c). 

7.5.2.3.2 Keeyask Environmental Studies 

To describe existing conditions in the study area, fish palatability studies were conducted in the 

communities of Split Lake (TCN) on fish from Split, Gull, Assean, and Waskaiowaka lakes from 20–22 

October, 2003 (Ryland and Watts 2004b), York Landing (YFFN) on fish from Split Lake, War Lake1, and 

the Aiken River from 29 April to 6 May, 2002 (Ryland and Watts 2002b), Bird (FLCN) on fish from Gull, 

Stephens, and Atkinson Lakes, and the Limestone reservoir from 28–30 October, 2003 (Ryland and 

Watts 2004a). A detailed description of the fish taste procedure and the data analysis is provided in 

Appendix 7O.  

7.5.2.4 Assessment Approach 

The general approach applied for characterizing the existing conditions for fish palatability in the study 

area involved compilation of available data and information for the study area and the general region, 

including baseline fish taste studies to generate information needed to support the assessment. Results 

from these taste tests for study area lakes were compared to those from AEA offsetting lakes and other 

                                                      

1 not Moose  Nose Lake as stated in Ryland and Watts (2002b)  
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waterbodies in the general geographical area to evaluate if and how fish palatability differs between on-

system and off-system waterbodies and regionally. 

The information sources used to discuss potential effects of the Project on fish palatability included: 

 Local knowledge; 

 Results from other components of the Keeyask environmental studies, such as the physical 

environment and phytoplankton; 

 Use of empirical information for existing reservoirs in Manitoba; and 

 Other information in the published literature. 

7.5.3 Environmental Setting 

7.5.3.1 Pre-1997 Conditions 

There are no published data on fish palatability for the Keeyask study area prior to 1997. However, TCN 

has expressed concern for the reduced quality of fish from Split and Clark lakes and the upper Nelson 

River as a result of CRD and LWR (Split Lake Cree - Manitoba Hydro Joint Study Group1996c).  

7.5.3.2 Current Conditions (Post-1996) 

7.5.3.2.1 Overview and Regional Context 

The mean acceptability scores of walleye, northern pike, and lake whitefish sampled from all locations by 

panellists at all three communities ranged between 4.8 and 6.4 on the 7 point scale (Figure 7-8), which 

corresponds to ratings of ―like slightly‖ (5.0) to ―like moderately‖ (6.0).  

TCN panellists rated walleye and northern pike from Gull Lake significantly less acceptable than fish 

from Split Lake, Assean Lake, and Waskaiowaka Lake (Figure 7-8). There was no such difference in the 

acceptability of lake whitefish from any of the lakes. Fox Lake Cree Nation panellists rated walleye from 

Gull Lake significantly less acceptable than fish from Atkinson Lake, but not from the Limestone 

reservoir or Stephens Lake (Figure 7-8). There was no such difference in the acceptability of northern 

pike or lake whitefish from any of the lakes. At both communities, lake whitefish, northern pike, and 

walleye from Gull Lake with significantly lower acceptability values corresponded to ―like slightly‖ 

compared to ―like moderately‖ for the corresponding species from other lakes. There was no significant 

difference in the mean acceptability of fish species sampled from different waterbodies by YFFN 

panellists. It should be noted that the results of the palatability study at York Landing do not reflect the 

views of most community members on the taste of fish species used in the study. In particular, there is 

concern that no fish were tested that were captured when water temperatures were warmer and taste 

differences would be more noticeable.  

Panellists from all three communities showed some preference for fish from lakes that have not been 

previously affected by hydroelectric development. While not statistically significant, fish from 

Waskaiowaka Lake, War Lake, Atkinson Lake, and Assean Lake generally had the highest mean 
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palatability scores. Conversely, fish from Gull Lake, with the exception of lake whitefish at the 

community of Split Lake, always received the lowest acceptability scores of the four test lakes by 

members of TCN and FLCN. 

Fish from Gull Lake were tested by panellists from both TCN and FLCN, while fish from Split Lake 

were tested by panellists from both TCN and YFFN. Although the palatability tests were not set-up to 

compare acceptability scores between communities and test were not done on fish caught at exactly the 

same time (as was the case for within community tests), it is interesting to note that ratings for fish of the 

same species sometimes varied more between communities than between fish from the different lakes 

tested within each community. For example, northern pike from Gull Lake were scored 6.1 (―like 

moderately‖) by panellists from FLCN, whereas panellists from TCN scored the same species from Gull 

Lake with 4.8 (―like slightly‖; Figure 7-8). 

Similar taste tests with the same three fish species as in the three KCN communities were conducted in 

2002 as part of the Wuskwatim Project EIS. It was found that fish sampled from lakes previously 

affected by hydroelectric development (Footprint and Wuskwatim) were of similar acceptability to 

panellists from Nelson House as those sampled from lakes that had not been affected by hydroelectric 

development (Baldock and Leftrook; Manitoba Hydro and Nisichawayasihk Cree Nation 2003; Ryland 

and Watts 2002a). The acceptability scores of fish from these lakes were similar to those from study area 

waterbodies with average scores ranging between 5.3 and 6.3 on the 7-point scale. 

7.5.3.3 Current Trends 

There can be no discussion of trends as there is no historical data with which to compare.  

7.5.4 Project Effects, Mitigation and Monitoring 

7.5.4.1 Construction Period 

Hydrocarbons or other olfactory or gustatory competent substances that are readily incorporated into 

fish musculature may be introduced into the aquatic environment during the construction period from 

site runoff/drainage, cofferdam seepage or accidental spillages. However, the release of significant 

amounts of such substances is unlikely because of the development and implementation of good 

management practices and containment of areas sensitive to spillage. 

7.5.4.2 Operation Period 

The presence of a mouldy or earthy odour and flavour in walleye, northern pike, lake whitefish, and cisco 

from Cedar Lake in northern Manitoba in the mid-1970s was linked to reservoir flooding by Yurkowski 

and Tabachek (1980). These authors identified the chemical compounds responsible for the unacceptable 

odour and taste that had led to a temporary closure of the fishery. It was argued that the input of 

additional organic matter into the relatively shallow Cedar Lake could have enhanced the growth of blue-

green algae, one group of organisms known to produce the odour causing chemicals (Yurkowski and 

Tabachek 1980). However, the source of the muddy flavour was never determined at the time it occurred 

and the problem has not been reported in later years. Although local knowledge indicates poor fish 
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quality in study area lakes as a result of CRD and LWR, mouldy or muddy odour and flavour were not 

specifically mentioned (Split Lake Cree - Manitoba Hydro Joint Study Group 1996c). Furthermore, blue-

green algae blooms are not known from study area lakes (Section 4.2), which are mostly relatively deep, 

cold, and well mixed. Because the areas of the Keeyask reservoir that provide suitable habitat for fish of 

domestic and commercial importance are predicted to remain deep, cold, and well mixed, flavour 

problems such as reported for Cedar Lake are not expected to occur in the reservoir or other study area 

lakes. Generally, there are no known pathways that connect normal operation related activities to fish 

palatability. As outlined in Section 7.5.4.1, accidental spillage of substances that have the potential to 

affect fish smell and flavour may also happen during GS operations. However, the release of significant 

amounts of such substances into the aquatic environment is unlikely because of the development and 

implementation of good management practices and containment of areas sensitive to spillage. 

Based on the palatability studies conducted in 2002–2004, fish from Gull Lake currently receive the 

lowest acceptability scores by members of TCN and FLCN compared to other study area lakes and AEA 

offsetting lakes. The palatability of fish from Gull Lake is not expected to change after the creation of the 

Keeyask reservoir. 

7.5.4.3 Residual Effects  

The preferences for certain fish species and for fish from particular lakes that have been expressed by 

members of TCN and FLCN in the past (Section 7.5.3.1) will likely not change throughout the operating 

period of the GS. Given the subjectivity of taste perception and the complexity of factors contributing to 

an enjoyable culinary experience make it difficult to predict effects to palatability based on examination of 

changes to fish diet, etc., alone. No long-term residual effects of the Project on fish palatability are 

anticipated, and because of the subjectivity of the assessment procedure, the certainty of these predictions 

is high (Table 7-10).  

7.5.4.4 Environmental Monitoring and Follow-up 

No monitoring is required. 
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Table 7-1: Mean arithmetic (± standard error [SE]) and standardized (± 95% 

confidence level [CL]) mercury concentration of lake whitefish, northern 

pike, and walleye from the AEA offsetting lakes in 2004–2006 

Species Lake Year n1  Arithmetic SE  Standard 95% CL 

Lake Caldwell  2005 25  0.049 0.007  0.039 0.033–0.047 

whitefish Christie  2005 23  0.041 0.005  0.036 0.031–0.043 

 Kiask  2005 32  0.062 0.009  0.056 0.045–0.069 

 Limestone  2005 25  0.103 0.021  0.049 0.035–0.070 

 Thomas  2005 23  0.041 0.005  0.042 0.036–0.048 

 Waskaiowaka  2005 23  0.045 0.004  0.036 0.031–0.042 

 Cyril 2006 51  0.057 0.005  0.042 0.038–0.046 

Northern  Christie  2005 31  0.313 0.040  0.218 0.194–0.244 

pike Kiask  2005 19  0.335 0.044  0.205 0.172–0.245 

 Thomas  2005 27  0.223 0.038  0.134 0.111–0.162 

 Waskaiowaka  2005 14  0.233 0.021  0.1902 0.143–0.253 

 Atkinson 2006 61  0.148 0.014  0.137 0.125–0.150 

 Cyril 2006 53  0.122 0.017  0.111 0.102–0.121 

 Moose Nose 2004 39  0.174 0.009  0.153 0.136–0.171 

 War 2006 50  0.159 0.017  0.152 0.137–0.168 

Walleye Caldwell  2005 25  0.305 0.042  0.247 0.218–0.280 

 Christie  2005 25  0.340 0.049  0.290 0.258–0.327 

 Pelletier  2005 35  0.464 0.037  0.381 0.348–0.417 

 Recluse  2005 26  0.382 0.034  0.250 0.206–0.304 

 Thomas  2005 24  0.186 0.029  0.140 0.121–0.162 

 Waskaiowaka  2005 28  0.364 0.026  0.266 0.227–0.311 

 Atkinson 2006 38  0.146 0.013  0.132 0.116–0.150 

 War 2006 45  0.129 0.006  0.107 0.099–0.116 

1. n = the number of fish sampled 
2. The relationship between mercury concentration and fish length was not significant. 

           



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 7: FISH QUALITY  7-54 

Table 7-2: Model-derived estimates of mean maximum mercury concentrations (ppm) 

in lake whitefish, northern pike, and walleye for the Keeyask reservoir and 

Stephens Lake after the construction of the Keeyask Generating Station 

compared to current mercury concentrations in Gull Lake (2002–2006) and 

Stephens Lake (2001–2005) 

Model 
Species 

Lake whitefish Northern pike Walleye 

Keeyask Reservoir 

Current (Gull Lake) 0.07 0.22 0.23 

PF model 1 

Day 1 2 0.18 0.81 0.83 

Year 5 3 0.18 0.83 0.85 

Proxy model 4 

Day 1  0.19 1.30 1.42 

Year 5  0.19 1.33 1.46 

Stephens Lake 

Current 0.09 0.26 0.29 

PF model 5 

Day 1  0.12 0.40 0.43 

Year 5  0.12 0.41 0.43 

1. Percent flooded (PF) regression model modified after Johnston et al. (1991). 
2. Day 1 uses the reservoir area at the first time the initial fill level is in effect. 
3. Year 5 uses the estimated reservoir area at Year 5 post-flooding (PE SV, Section 6, Shoreline Erosion Processes; also see 

Appendix 7E, Model selection). 
4. Stephens Lake is used as a proxy for future conditions in the Keeyask reservoir. 
5. Applies the proportion of flooded area to the combined area of Stephens Lake and the Keeyask reservoir. 
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Table 7-3: Residual effects on fish quality during operation — mercury 

Environmental Effect Mitigation/Enhancement Residual Effect 

Split/Clark Lake 

Potential effect due to the harvest and consumption of fish with high 

mercury levels that moved from the Keeyask reservoir into Split/Clark Lake 

but probability of catching such a fish is low. Tagging data to date suggest 

that only a small proportion of fish in upstream waterbodies originated 

from the Keeyask reach. 

 

 

Information and awareness programs for 

local resource users on how to minimize 

mercury uptake under current fish harvest 

practices. 

Continuous monitoring of fish mercury 

concentrations and incorporation of 

current results into updated local 

consumption guidelines 

 

Negligible 

 

Below Clark Lake to GS 

Flooding of terrestrial areas, eroding shorelines and weekly water level 

fluctuation in the reservoir will result in increases in fish mercury 

concentrations.  Predicted maximum mean mercury concentrations are in 

the range of 0.81-1.33 ppm for northern pike and 0.83-1.46 ppm for 

walleye and likely will just exceed 1.0 ppm. 

 

 

Reduction in potential flooded area 

through selection of 159 m forebay 

elevation. 

Information and awareness programs for 

local resource users on how to minimize 

mercury uptake without abandoning fish 

harvest;  

Use of AEA offsetting lakes to provide fish 

for local consumption; 

Continuous monitoring of fish mercury 

concentrations and incorporation of 

current results into updated local 

consumption guidelines. 

 

Large, of medium 

geographic extent, 

long-term (up to 

~30 years). 
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Table 7-3: Residual effects on fish quality during operation — mercury 

Environmental Effect Mitigation/Enhancement Residual Effect 

Downstream of GS/ Stephens Lake 

Export of water and biota with elevated mercury concentrations from the 

upstream reservoir into Stephens Lake would likely result in moderate 

increases in fish mercury concentrations; estimated mean maximum 

mercury concentrations are 0.5 ppm for northern pike and walleye. 

Concentrations may differ depending on where fish spend most of their 

lives in the lake.  

 

 

 

Information and awareness programs for 

local resource users on how to minimize 

mercury uptake under current fish harvest 

practices; 

Suggesting alternative waterbodies for 

fish harvest based on measurements of 

mercury concentrations; 

Continuous monitoring of fish mercury 

concentrations and incorporation of 

current results into updated local 

consumption guidelines.   

 

Moderate, of 

medium 

geographic extent, 

medium- to long-

term. 
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Table 7-4: Mean (±standard error) trace element concentrations in muscle of walleye, lake whitefish, and northern 

pike captured in Split and Stephens lakes and the Nelson River in 2004 

Element DL1 GV2 Walleye3  Lake whitefish  Northern pike 

Split L (n = 15) Stephens L (n = 1)  Split L (n = 3) Stephens L (n = 10)  Nelson R (n = 20) 

Aluminum (Al) 0.3 - 2.2 ± 0.1 0.9  1.6 ± 0.2 1.3 ± 0.2  1.7 ± 0.3 

Antimony (Sb) 0.03 - 0.04 ± 0.02 0.22  <0.03 ± 0.00 <0.03 ± 0.00  <0.03 ± 0.00 

Arsenic (As) 0.1 3.5 <0.10 ± 0.00 <0.10  <0.10 ± 0.00 <0.10 ± 0.02  <0.10 ± 0.00 

Barium (Ba) 0.3 - 0.63 ± 0.06 0.40  0.77 ± 0.03 0.38 ± 0.09  0.60 ± 0.06 

Beryllium (Be) 0.03 - <0.03 ± 0.00 <0.03  <0.03 ± 0.00 <0.03 ± 0.00  <0.03 ± 0.00 

Bismuth (Bi) 0.05 - <0.05 ± 0.00 <0.05  <0.05 ± 0.00 <0.05 ± 0.00  <0.05 ± 0.00 

Boron (B) 0.3 - 1.72 ± 0.29 1.10  2.17 ± 0.53 1.30 ± 0.51  2.47 ± 0.43 

Cadmium (Cd) 0.005 - <0.005 ± 0.000 0.008  <0.005 ± 0.000 <0.005 ± 0.000  <0.005 ± 0.001 

Chromium (Cr) 0.3 - 0.31 ± 0.04 <0.30  <0.30 ± 0.00 <0.30 ± 0.08  <0.30 ± 0.00 

Cobalt (Co) 0.005 - <0.005 ± 0.000 <0.005  0.0123 ± 0.004 0.0109 ± 0.001  <0.005 ± 0.000 

Copper (Cu) 0.03 - 0.90 ± 0.08 3.37  0.64 ± 0.08 1.78 ± 0.40  0.87 ± 0.06 

Iron (Fe) 2 - <2.0 ± 0.4 <2.0  <2.0 ± 0.7 5.4 ± 1.7  3.0 ± 0.5 

Lead (Pb) 0.03 0.5 <0.03 ± 0.00 0.10  <0.03 ± 0.00 <0.03 ± 0.00  <0.03 ± 0.00 

Manganese (Mn) 0.3 - 0.7 ± 0.1 0.4  1.5 ± 0.3 1.1 ± 0.2  1.7 ± 0.1 

Mercury (Hg) 0.01 0.5 0.15 ± 0.01 0.15  0.06 ± 0.01 0.09 ± 0.01  0.21 ± 0.01 

Molybdenum 

(Mo) 

0.05 - <0.05 ± 0.00 <0.05  <0.05 ± 0.00 <0.05 ± 0.00  <0.05 ± 0.00 

Nickel (Ni) 0.05 - <0.05 ± 0.00 <0.05  <0.05 ± 0.00 <0.05 ± 0.00  <0.05 ± 0.00 

Selenium (Se) 0.1 - 0.3 ± 0.0 0.2  0.2 ± 0.0 0.2 ± 0.0  0.2 ± 0.0 

Silver (Ag) 0.005 - <0.005 ± 0.000 <0.005  <0.005 ± 0.000 <0.005 ± 0.000  <0.005 ± 0.000 

Strontium (Sr) 0.05 - 5.5 ± 0.4 4.8  14.2 ± 0.5 11.6 ± 2.6  4.3 ± 0.4 

Thallium (Tl) 0.003 - 0.005 ± 0.000 0.004  0.003 ± 0.001 <0.003 ± 0.000  <0.003 ± 0.000 

Tin (Sn) 0.05 - 0.16 ± 0.02 0.24  0.11 ± 0.06 0.16 ± 0.04  0.11 ± 0.02 
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Table 7-4: Mean (±standard error) trace element concentrations in muscle of walleye, lake whitefish, and northern 

pike captured in Split and Stephens lakes and the Nelson River in 2004 

Element DL1 GV2 Walleye3  Lake whitefish  Northern pike 

Split L (n = 15) Stephens L (n = 1)  Split L (n = 3) Stephens L (n = 10)  Nelson R (n = 20) 

Titanium (Ti) 0.3 - <0.3 ± 0.0 <0.3  <0.3 ± 0.0 <0.3 ± 0.0  <0.3 ± 0.0 

Uranium (U) 0.005 - <0.005 ± 0.000 <0.005  <0.005 ± 0.000 <0.005 ± 0.000  <0.005 ± 0.000 

Vanadium (V) 0.03 - <0.03 ± 0.00 <0.03  0.03 ± 0.01 <0.03 ± 0.01  <0.03 ± 0.00 

Zinc (Zn) 0.3 - 8.2 ± 0.3 8.0  11.6 ± 2.5 12.2 ± 1.4  13.7 ± 0.6 

1. Analytical detection limit (DL). 
2. Provincial (Williamson 2002) guideline value (GV) for aquatic life tissue residues for the protection of human consumers. 
3. All values are expressed as µg/g (wet weight); the number of fish analyzed is indicated in brackets. 
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Table 7-5: Mean (± standard error) fork length, total weight, and age of walleye, lake 

whitefish, and northern pike captured for trace element analysis in Split 

Lake, the Nelson River between Birthday and Gull rapids, and Stephens 

Lake below Gull Rapids, fall 2004 

Waterbody Species n Fork Length (mm) Weight (g) Age (y) 

Split Lake Lake whitefish 3 449 ± 25 1833 ± 504 9.0 ± 1.2 

 Walleye 15 427 ± 10 920 ± 86 7.7 ± 0.5 

Nelson River Northern pike 20 637 ± 11 1821 ± 119 6.7 ± 0.4 

Stephens Lake Lake whitefish 10 478 ± 32 1915 ± 136 10.6 ± 1.1 

  Walleye 1 421 900 7.0 
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Table 7-6: Residual effects on fish quality — trace elements 

Environmental Effect Mitigation/Enhancement Residual Effect 

Split/Clark Lake 

There will be no measurable effect on fish tissue concentrations of trace 

elements other than mercury. 

 

 

N/A 

 

 

None 

Below Clark Lake to GS 

No measurable increases in fish tissue concentrations of trace elements 

other than mercury are expected due to the construction and operation 

of the Keeyask GS 

 

N/A 

 

 

None 

Downstream of GS/ Stephens Lake 

There will be no measurable effect on fish tissue concentrations of trace 

elements other than mercury. 

 

N/A 

 

None 
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Table 7-7: Mean (± standard error) fork length (mm), round weight (g), condition 

factor (K), and age (years) of lake whitefish inspected for cysts of 

Triaenophorus crassus as part of Keeyask environmental studies from 

2003–2006 

Lake Year n Length Weight K Age 

Split 2006 6a 510.3 ± 8.0 2241.7 ± 207.3 1.68 ± 0.08 10.3 ± 1.2 

 2005 12 466.3 ± 9.4 1950.0 ± 129.7 1.90 ± 0.04 11.7 ± 0.7 

 2003 6 - - - - 

Gull 2006 10b 496.3 ± 26.5 2396.0 ± 549.8 1.89 ± 0.16 11.2 ± 1.1 

 2004 12 - - - - 

Stephens 2006 17c 496.7 ± 13.2 - - 12.4 ± 1.2 

 2005 12 498.9 ± 9.5 2366.7 ± 161.5 1.87 ± 0.05 11.8 ± 1.0 

 2003 6 - - - - 

Waskaiowaka 2003 6 - - - - 

a. n=3 for length, weight, and K 
b. n=4 for length, weight, and K 
c. n=16 for length 
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Table 7-8: Summary of information on rate of Triaenophorus crassus infestation (RI) 

and assigned grade of lake whitefish for three study area lakes and four 

AEA offsetting lakes 

Lake Year Date1 Collector2 
Fish 

(n) 

Dressed 

weight 

(lbs) 

Cysts 

(n) 
RI Grade3 

Split 2006 21 Jun–11 Oct NSC 6 211 0 0 Export 

 2005 6–8 Oct NSC 12 39.6 2 5.1 Export 

 2004 15 Sep FFMC - 9 0 0 Export 

  18 Jun FFMC - 15 0 0 Export 

 2003 10–18 Oct NSC 6 20.3 0 0 Export 

 1998 20 Sep FFMC - 13 1 8 Export 

  18 Sep FFMC - 15 3 20 Export 

  17 Sep FFMC - 13 1 8 Export 

  11 Sep FFMC - 13 4 31 Export 

  8 Sep FFMC - 12 1 9 Export 

  3 Sep FFMC - 13 3 23 Export 

  19 Jun FFMC - 11 2 18 Export 

 1996 9 Jun FFMC - 21 0 0 Export 

 1985 2 Sep FFMC - 13 0 0 Export 

 1966 1-9 Jul MDMNR 53 96.9 14 14.4 Export 

 1965/66 - DFO - 234 29 12 Export 

 1964/65 - DFO - 259 16 6 Export 

 1963/64 - DFO - 217 16 7 Export 

 1962/63 - DFO - 219 40 18 Export 

 1959 - MDMNR 133 290 28 9.6 Export 

Gull 2006 23 Aug–3 Oct NSC 10 40.8 0 0 Export 

 2004 18–22 Oct NSC 12 39.3 0 0 Export 

Stephens 2006 20 Aug–26 Sep NSC 17 69.8 26 37.3 Export 

 2005 10–11 Oct NSC 12 56.5 12 21.2 Export 

 2003 26–30 Sep NSC 6 23.9 5 20.9 Export 

Atkinson 1963/64 - DFO4 - 169 - 24 Export 

 1963/64 - DFO5 - 17 - 106 Other 

Moose Nose 1968 1 Jan MDMNR 94 152.7 302 197.8 Other 

War 1962/63 - DFO5 - 57 - 4 Export 
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Table 7-8: Summary of information on rate of Triaenophorus crassus infestation (RI) 

and assigned grade of lake whitefish for three study area lakes and four 

AEA offsetting lakes 

Lake Year Date1 Collector2 
Fish 

(n) 

Dressed 

weight 

(lbs) 

Cysts 

(n) 
RI Grade3 

Waskaiowaka 2003 3–5 Oct NSC 6 12.9 11 85.3 Other 

 1972 June MDMNR 64 105 113 107.6 Other 

1.  Inspection date for FFMC collection, sampling date(s) for all other collections.  
2. NSC = North/South Consultants Inc.; FFMC = Freshwater Fish Marketing Corporation; MDMNR= Manitoba Department of 

Mines and Natural Resources; DFO= Federal Department of Fisheries (4= sample analysed in eastern Canada; 5= sample 
analysed in Manitoba). 

3. Export= <50 cysts per 100 lbs of fish;  
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Table 7-9: Residual effects on fish quality — Triaenophorus crassus infection 

Environmental Effect Mitigation/Enhancement Residual Effect 

Split/Clark Lake 

There will be no measurable effect on the infection rate of lake whitefish 

by the cestode T. crassus. 

 

N/A 

 

 

None 

Below Clark Lake to GS 

Changes in habitat, zooplankton community composition, and the fish 

community may affect the infection rate of T. crassus in lake whitefish. 

These effects likely will change over time and will be partially 

compensatory.  No measurable effects on T. crassus infection rates of 

lake whitefish are expected. 

 

Depending on the perceived change in 

the esthetic quality of lake whitefish 

caused by T. crassus cysts by 

resource users, other waterbodies 

(that have low T. crassus infection 

rates of whitefish) could be harvested 

for this fish species.  

 

None 

Downstream of GS/ Stephens Lake 

There will be no or minimal effects to the infection rate of T. crassus in 

lake whitefish in Stephens Lake. 

 

 

Depending on the perceived change in 

the esthetic quality of lake whitefish 

caused by T. crassus cysts by 

resource users, other waterbodies 

(that have low T. crassus infection 

rates of whitefish) could be harvested 

for this fish species. 

 

None 
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Table 7-10: Residual effects on fish quality — palatability 

Environmental Effect Mitigation/Enhancement Residual Effect 

Split/Clark Lake 

Average palatability could be affected if sufficient fish moved from 

the Keeyask reservoir to comprise a significant portion of the catch. 

Tagging data to date suggest that only a small proportion of fish in 

upstream waterbodies originated from the Keeyask reach. 

 

None 

 

The preferences for certain 

fish species and for fish from 

particular lakes that have been 

expressed by members of KCN 

communities in the past will 

likely persist after the 

construction of the GS. 
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Table 7-10: Residual effects on fish quality — palatability 

Environmental Effect Mitigation/Enhancement Residual Effect 

Below Clark Lake to GS 

The changes from a lotic to a mainly lentic environment and the 

associated shifts in the community composition and relative 

abundances of invertebrates and fishes have the potential to 

influence fish palatability via changes in diet, etc.  

“Palatability” is affected by a suite of factors. The limited available 

data based on “taste tests” using lake whitefish, northern pike 

(jackfish), and walleye (pickerel) in KCN communities indicate that 

statistically significant taste differences between fish from different 

lakes on and off system cannot be detected. However, factors 

other than taste from a prepared meal affect palatability. Given the 

subjectivity of taste perception and the complexity of factors 

contributing to an enjoyable culinary experience make it difficult to 

predict effects to palatability based on examination of changes to 

fish diet, etc. alone. 

Hydrocarbons or other olfactory or gustatory competent substances 

that are readily incorporated into fish musculature may be 

introduced into the aquatic environment during the construction 

period from site runoff/drainage, cofferdam seepage or accidental 

spillages. 

 

Offset fishing programs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Development and implementation of 

good management practices and 

containment of areas sensitive to 

spillage. 

 

The preferences for certain 

fish species and for fish from 

particular lakes that have been 

expressed by members of KCN 

communities in the past will 

likely persist after the 

construction of the GS.  

 

 

 

 

 

 

 

Potential for medium 

geographic extent, moderate, 

short-term effects.  
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Table 7-10: Residual effects on fish quality — palatability 

Environmental Effect Mitigation/Enhancement Residual Effect 

Downstream of GS/ Stephens Lake 

Palatability could be affected by factors such as accidental 

hydrocarbon spills from the GS as well as other factors discussed 

under other areas. Potential effects will likely differ in strength 

between areas of Stephens Lake, diminishing with distance from 

the river mainstem.  

 

Mitigation measures will be in place 

to reduce and localize the effects of 

accidental spills. 

 

Offset fishing programs 

 

 

The preferences for certain 

fish species and for fish from 

particular lakes that have been 

expressed by members of KCN 

communities in the past will 

likely persist after the 

construction of the GS.   
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Figure 7-1:  Mean (± 95% confidence limit) standardized mercury concentrations of northern pike, walleye, and lake 

whitefish from Split Lake from 1970 to 2005 
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Figure 7-2:  Mean (± 95% confidence limit) standardized mercury concentrations of northern pike, walleye, and lake 

whitefish from Stephens Lake from 1981 to 2005. The mean without a confidence limit for walleye in 1981 is 

from a commercial sample 
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* Significantly different from other yearly means for that waterbody. 
** Significantly different from other yearly means for that waterbody except for 2001. 

Figure 7-3:  Mean (+ upper 95% confidence limit) standardized mercury 

concentrations of lake whitefish from Split, Assean, Gull, and Stephens 

lakes in 1998–2005 
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* Significantly different from other yearly means for that waterbody. 
1. Significantly different from Stephens Lake in 2001. 
2. Significantly different from Stephens Lake in 2002.  
Note: The confidence limit for Split Lake in 1998 is shown numerically. 

Figure 7-4:  Mean (+ upper 95% confidence limit) standardized mercury 

concentrations of northern pike from four waterbodies in the Split Lake 

area, and Gull and Stephens lakes in 1998–2006 
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* Significantly different from other yearly means for that waterbody. 
** Significantly different from other yearly means for that waterbody except for 1998. 
Note: numbers above the confidence limit bar indicate that the mean is significantly different from all other waterbodies for 

that year. The confidence limit for Split Lake in 1998 is shown numerically. 

Figure 7-5: Mean (+ upper 95% confidence limit) standardized mercury 

concentrations of walleye from four waterbodies in the Split Lake area, 

and Gull and Stephens lakes in 1998–2006 
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* Significantly different from other yearly means for that waterbody. 
2. Significantly different from 2002 

Figure 7-6:  Mean (+standard error) arithmetic mercury concentrations of rainbow 

smelt from two waterbodies in the Split Lake area, and Gull (mainstem 

locations) and Stephens lakes for 2001–2006 
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1. Significantly higher than Split and Stephens lakes. 
2. Significantly lower than all study area waterbodies (SAW). 
3. Significantly higher than all SAW. 
4. Significantly lower than all SAW except for Split Lake. 

Figure 7-7:  Mean (+ upper 95% confidence limit) standardized mercury 

concentrations of lake whitefish, northern pike, and walleye from study 

area waterbodies (SAW) and AEA offsetting lakes north (N) and south (S) 

of the Nelson River in 2002–2006
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a Significantly (p<0.10) higher than Gull Lake for that species. 
b Significantly (p<0.05) lower than all other lakes for that species 
FB= forebay (reservoir). 

Figure 7-8:  Mean (+ standard deviation) acceptability scores of whitefish, pike, and 

walleye from Keeyask Project waterbodies tested for palatability at three 

First Nation communities in 2002 and 2003
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In addition to lake whitefish, northern pike, walleye, and forage fish, which are the focus of the main 

body of the document, mercury data were also collected as part of the Keeyask environmental studies 

from cisco, white sucker, and lake sturgeon (Table 7A-1). These species were selected to obtain 

information on mercury concentrations in fish at lower trophic levels and/or in response to First Nation 

requests. Because limited data are available for these species, the results have been summarized as an 

appendix. Note that results for small-bodied white sucker are included in the sections on forage fish of 

the main document. 

7A.1 CISCO 

Mercury data for cisco were collected as part of the Keeyask environmental studies from Split, Stephens, 

and Assean lakes between 1998 and 2005. Current (1998–2005) arithmetic (0.03–0.10 ppm) and 

standardized (to a length of 300 mm; 0.04–0.11 ppm) concentrations of cisco from Split Lake are slightly 

more variable between years (Table 7A-2), but generally fall within a similar range as was observed 

historically. Historic means for four data years between 1983 and 1996 ranged from 0.06 to 0.09 ppm 

(unpublished analyses by North/South Consultants [NSC] based on data from the Canadian Food 

Inspection Agency [CFIA] database; also see Green 1990). However, all of the current means from Split 

Lake should be interpreted with caution because of the associated small sample sizes and the non-

significant relationships between mercury concentration and fish length (Table 7A-2).  

Current standardized mean concentrations in cisco from Stephens Lake (0.14 ppm) in years with 

adequate sample size (i.e., 2002 and 2003; Table 7A-2) are higher (although mainly not significantly due to 

the small size of the Split Lake samples) than those of their conspecifics from Split and Assean lakes. The 

recent concentrations from Stephens Lake are also higher (significantly in 2002) than the value of 0.088 

(95% CL = 0.073–0.107) obtained in 1993, the last data year prior to the Keeyask Environmental studies 

(CFIA database and unpublished analyses by NSC). The mean concentrations in 1993 was also 

significantly lower than the value of 0.298 ppm (0.245–0.362 ppm) measured in 1984, which represents 

the highest mean concentration measured in cisco from Stephens Lake, including additional samples 

taken in 1983 and 1986 (CFIA database and unpublished analyses by NSC; also see Green 1990). 

Standardized (but not arithmetic) mean mercury concentration differed significantly between cisco from 

Assean Lake in 2001 (when the correlation between length and mercury concentration was not 

significant) and 2002 (Table 7A-2). The value for 2002 also was significantly higher than the mean of 

0.064 ppm measured in 1981, the only other data year from Assean Lake (CFIA database and 

unpublished analyses by NSC). In all three years, mercury concentrations were similar to the range of 

means obtained from Split Lake in 1983–2005. Mercury concentrations in cisco from Gull Lake could 

not been meaningfully assessed because of small fish sample sizes (Table 7A-2) and historic data are 

unavailable. 

When considering mercury concentrations of individual fish, 91% of all 163 cisco analyzed as part of the 

Keeyask environmental studies had mercury concentrations below 0.2 ppm (Table 7A-3), the threshold 

for safe consumption for persons eating large quantities of fish (Wheatley 1979).  
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7A.2 WHITE SUCKER 

The results of mercury analyses on small-bodied white sucker (61–130 mm length) are included in the 

main document with forage fish. Large-bodied white sucker (Table 7A-1) were collected as part of the 

Keeyask environmental studies in two years from one waterbody. White sucker from the Aiken River had 

standardized (to a length of 400 mm) mean mercury concentrations of less than 0.1 ppm in 2002 and 

2003 (Table 7A-2). These values are slightly lower than the standardized concentrations of 0.13–

0.17 ppm recorded for white sucker (mean length of 351–401 mm) from Split Lake in 1983, 1984, and 

1986, and the 0.12–0.20 ppm measured in conspecifics (mean length of 325–379 mm) from Stephens 

Lake for the same three years (unpublished analyses by NSC based on data from the CFIA database;; also 

see Green 1990). In 1993 (0.094 ppm) and 1996 (0.084 ppm) mercury concentrations of white sucker in 

Stephens Lake were significantly lower than in most previous years and were almost identical to the 

current levels measured in fish from the Aiken River.  

Although the recent mean mercury concentrations of white sucker from the Aiken River are less than 

half the 0.2 ppm threshold for safe consumption for persons eating large quantities of fish (Wheatley 

1979), 29% of the 51 individuals exceeded this limit, with maximum values reaching 0.36 ppm 

(Table 7A-3).  

7A.3 LAKE STURGEON 

Lake sturgeon were collected as part of the Keeyask environmental studies in two years from one 

waterbody. In 2002 and 2004, three and 10 lake sturgeon, respectively, captured by domestic harvesters in 

Gull Lake that measured between 1,050 and 1,439 mm total length were sampled for mercury. Arithmetic 

mean concentrations (the relationship between total length and mercury concentrations was not 

significant) were 0.17 ppm in 2002 and 0.21 ppm in 2004 (Table 7A-2). Of the 13 sturgeon, four (31%) 

had higher concentrations than the 0.2 ppm threshold for safe consumption for persons eating large 

quantities of fish (Wheatley 1979). A maximum concentration of 0.67 ppm was measured in the largest 

fish (Table 7A-3). 

To our knowledge, no other measurements exist of mercury levels in lake sturgeon from waterbodies 

within the study area to provide a historical context. The only other data on sturgeon mercury 

concentrations from the lower Nelson River are from northeast of the Limestone GS. In 2003, seven lake 

sturgeon from two mainstem reaches of the river were analyzed for mercury. The fish measured between 

725 and 1,200 mm (mean = 841 mm) and had an arithmetic mean concentration of 0.19 ppm (NSC 

unpubl. data).  
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Table 7A-1:  Mean (± standard error [SE]) fork length, round weight, and age of cisco, 

white sucker, and lake sturgeon from study area waterbodies, 1998-2005 

Species Waterbody Year  Length (mm) n1  Weight (g) n  Age (years) n 

Cisco Split Lake 1998  256.7 ± 8.2 24  267.9 ± 28.0 24  5.5 ± 0.3 19 

  2001  272.4 ± 41.7 7  463.4 ± 153.3 7  5.8 ± 1.6 6 

  2002  251.5 ± 24.6 11  320.6 ± 88.8 11  5.6 ± 0.9 10 

  2005  243.3 ± 45.7 4  358.3 ± 188.4 4  5.0 ± 0.7 4 

 Gull Lake 1999  242.5 ± 27.5 2  187.5 ± 112.5 2  3.5 ± 0.5 2 

  2001  336.5 ± 38.5 2  662.5 ± 237.5 2  6.0 ± 1.0 2 

  2002  216.3 ± 50.6 4  239.3 ± 179.2 4  - 0 

 Stephens Lake 2002  256.1 ± 11.4 30  325.9 ± 47.3 28  4.9 ± 0.4 29 

  2003  260.6 ± 15.1 24  486.1 ± 51.4 18  6.9 ± 0.7 24 

  2005  355 1  800 1  12 1 

 Assean Lake 2001  245.7 ± 15.1 24  261.5 ± 49.2 24  3.7 ± 0.4 24 

  2002  208.4 ± 16.2 28  198.7 ± 45.7 26  4.4 ± 0.5 28 

White sucker Aiken River 2002  441.3 ± 9.6 36  1359.8 ± 116.8 28  10.0 ± 0.7 33 

  2003  402.4 ± 11.8 15  896.2 ± 74.1 13  7.9 ± 1.2 14 

Lake sturgeon Gull Lake 2002  1263.5* ± 139.0 2  - 0  - 0 

 2004  1290.5* ± 29.0 10  18 000.0 ± 2500 2  26.8 ± 2.0 10 

* Total length. 
1. Number of fish measured. 
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Table 7A-2:  Mean arithmetic (± standard error [SE]) and standardized (± 95% CL) 

mercury concentration (ppm) of cisco, large-bodied white sucker, and lake 

sturgeon from study area waterbodies, 1998–2005  

Species Waterbody Year n1 Arithmetic SE Standard 95% CL 

Cisco Split Lake 1998 24 0.096 0.008 0.105* 0.046–0.240 

  2001 7 0.073 0.014 0.072* 0.039–0.132 

  2002 11 0.078 0.015 0.080* 0.037–0.174 

  2005 4 0.033 0.007 0.039* 0.016–0.097 

 Assean Lake 2001 24 0.067 0.004 0.069* 0.058–0.083 

  2002 28 0.073 0.008 0.114 0.101–0.129 

 Gull Lake 1999 2 0.123 0.029 0.190* - 

  2001 2 0.070 0.008 0.062* - 

  2002 4 0.118 0.054 0.175* 0.023–1.330 

 Stephens Lake 1999 2 0.057 0.002 0.066 - 

  2002 30 0.132 0.012 0.138 0.115–0.167 

  2003 24 0.139 0.016 0.139 0.105–0.184 

  2005 1 0.071 - - - 

White sucker Aiken River1 2002 36 0.161 0.014 0.094 0.081–0.110 

  2003 15 0.109 0.019 0.087 0.068–0.111 

Lake sturgeon Gull Lake 2002 3 0.166 0.033 - - 

  2004 10 0.207 0.060 0.161* 0.096–0.270 

* The relationship between mercury concentration and fish length was not significant. 
1. Number of fish measured. 
2. At York Landing. 
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Table 7A-3: Percentage of cisco, large-bodied white sucker, and lake sturgeon from 

study area waterbodies in 1998–2006 with mercury concentrations of ≥ 

0.2 ppm or ≥ 0.5 ppm  

Species Waterbody Year n1 ≥ 0.2 ppm % ≥ 0.5 ppm % Max2 (ppm) 

Cisco Split Lake 1998 24 1 4.2 0 0.0 0.205 

  2001 7 0 0.0 0 0.0 0.130 

  2002 11 0 0.0 0 0.0 0.178 

  2005 4 0 0.0 0 0.0 0.044 

 Assean Lake 2001 24 0 0.0 0 0.0 0.115 

  2002 28 1 3.6 0 0.0 0.213 

 Gull Lake 1999 2 0 0.0 0 0.0 0.150 

  2001 2 0 0.0 0 0.0 0.078 

  2002 4 1 25.0 0 0.0 0.277 

 Stephens Lake 1999 2 0 0.0 0 0.0 0.058 

  2002 30 3 10.0 0 0.0 0.367 

  2003 24 9 37.5 0 0.0 0.289 

  2005 1 0 0.0 0 0.0 0.071 

White sucker Aiken River3 2002 36 12 36.3 0 0.0 0.355 

  2003 15 3 20.0 0 0.0 0.227 

Lake sturgeon Gull Lake 2002 3 1 33.3 0 0.0 0.205 

  2004 10 3 30.0 1 10.0 0.667 

1. Number of fish measured. 
2. Maximum mercury concentration. 
3. At York Landing. 
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7B.1 FISH COLLECTION 

Fish for mercury analysis were collected from several sites at each waterbody over 1-3 week periods 

usually between August and October of a sampling year. Table 7B-1 summarizes fish collection 

information for all study area lakes and the AEA offsetting lakes.  

Fish were mostly sampled as part of an experimental, standard gang index gillnetting program 

(Table 7B-1). These programs used gillnet gangs of six 25 yard (22.9 m) long by 6 feet (1.8 m) deep 

panels 1.5, 2, 3, 3.75, 4.25, and 5 inch ("; 38, 51, 76, 95, 108, and 127 mm) stretched mesh made out of 

twisted nylon thread, which were set overnight for approximately 24 hours (h). Forage fish were captured 

mainly with small mesh index gillnets (i.e., Swedish gill nets). These nets were primarily used to catch 

rainbow smelt in overnight sets and consisted of three 10 metres (m) long by 1.8 m deep twisted nylon 

panels of 16, 20, and 25 mm stretched mesh. Some of the forage fish at the backwater and mainstem sites 

on the Nelson River were captured using a 17 m long and 1.4 m deep seine net with 4 mm mesh that was 

set from shore. 

Some fish for mercury analysis were obtained during  spring and fall tagging programs that used gill nets 

of 3.75 (95 mm), 4.25 (108 mm), and 5 " (127 mm) twisted monofilament stretched mesh set for 1–4 h 

during the day. Using the same type of nets, fish were specifically collected for mercury analysis (fish 

mercury collection in Table 7B-1) at Moose Nose Lake in 2004 and the other AEA offsetting lakes in 

2005 and 2006 during 3–8 h sets at two to five different locations within a lake. 

To be consistent with the methods described by the MMMR (see Table 1 in Strange and Bodaly 1999 for 

an example of numbers of fish and stratification of length classes), a broad size range of fish was 

collected whenever possible. Upon capture, individuals from commercially important species were 

measured for fork length (± 1 mm) and total weight (± 25 g, pan balance for most fish greater than 200 g; 

± 1 g, digital balance for most fish less than 200 g), examined internally to determine sex and maturity, 

and bony structures were removed for age analysis. Dorsal spines were taken from walleye, cleithra were 

collected from northern pike, and a portion of the pelvic fin was removed from cisco, lake whitefish, and 

white sucker. In addition to the pelvic fin rays, otoliths were removed and used for aging cisco and lake 

whitefish. A sample for mercury analysis of axial muscle (fillet) weighing approximately 10 g was removed 

from each fish just anterior to the caudal (tail) fin. The muscle with skin attached was placed in a 

mercury-free plastic bag and stored on ice until it could be frozen. Forage fish were not measured and 

dissected in the field but placed individually into labelled mercury-free plastic bags and stored on ice 

before freezing. All frozen tissue samples and whole fish were shipped to the DFO Freshwater Institute 

in Winnipeg for mercury analysis. 

7B.2 LABORATORY DETERMINATIONS 

A subsample of approximately 0.2 g was removed from the middle of each 10 g muscle sample after 

slicing away the skin on one side and a thin outside layer on the other side. This procedure ensured that 

the percentage of water in the subsample was representative of the original sample taken from the fish. A 

similar sized muscle sample free of skin and bones was obtained from each forage fish. 
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Mercury analysis was performed using a modified hot block method described by Hendzel and Jamieson 

(1976) followed by cold vapour atomic absorption spectroscopy. Two samples of five different National 

Research Council of Canada reference materials were typically analyzed with each sample run. With one 

exception (mussel in 2000), yearly mean mercury concentrations obtained from the mussel and lobster 

hepatopancreas reference materials were within 7% of the mean certified value (Table 7B-2). Mean 

concentrations from sample runs of reference materials with mercury levels exceeding 2 ppm (i.e., DOLT 

and DORM) were 5-16% lower than the certified concentrations (Table 7B-2).  

Fork length (±1 mm), weight (±0.1 g), and sex (if possible) of forage fish were obtained from thawed fish 

prior to mercury analysis. After removing the muscle sample, bony structures were removed for age 

analysis of all individuals, or from selected individuals from length stratified groups of fish. Part of the 

pectoral fin including the first three to four fin rays were taken from white sucker, otoliths were collected 

from emerald and spottail shiner, rainbow smelt, and trout-perch, and dorsal spines were used for yellow 

perch. 

Dried ageing structures of all fish were prepared and analyzed using a variety of techniques (Mackay et al. 

1990). Fin rays or spines were coated in epoxy and sectioned with a Struers microtome saw. Sections 

were then fixed on glass slides with Cytoseal 280 and fish ages were determined by examining the slides 

with a Wild M3 dissecting microscope. Otoliths were slightly polished on a whetstone, immersed in 

synthetic wintergreen oil, and viewed with a dissecting microscope. Cleithra were cleaned and examined 

under reflected light. 

7B.3 DATA ANALYSIS 

A condition factor (K) was calculated for each fish as: 

K= (W / (L/10)3) x100) 

where: W = round weight (g); and 

 L = fork length (mm). 

Fish obtained from yearly samples from a group of lakes will invariably differ in mean size between years 

and lakes. Because fish accumulate mercury over their life time, so that older and, normally, larger 

individuals have higher levels than younger, smaller fish, mean mercury concentrations have been 

standardized under the MMMR program to facilitate comparisons between samples of fish from the 

same location or between samples of fish from different waterbodies over time (Jansen and Strange 

2007). The standard lengths for cisco, lake whitefish, northern pike, and walleye are presented in 

Table 7B-3 together with standard lengths for the other fish species analyzed for mercury during the 

Keeyask environmental studies. For species without established standard lengths, a length was chosen 

that approximated the mean size of individuals captured as part of the Keeyask environmental studies 

and from other northern Manitoba waterbodies between 1998 and 2002.  

In addition to arithmetic means, standardized mean mercury concentrations were calculated from unique 

regression equations for each species and lake based on the analysis of logarithmic transformations of 

muscle mercury concentration and fork lengths using the following relationship: 
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    Log10[Hg] = a + b (Log10L) 

where [Hg] = muscle mercury concentration (µg/g), 

 L = fork length (mm), 

 a = Y-intercept (constant), and 

 b = slope of the regression line (coefficient) 

To present data in more familiar units, all standardized means and their confidence limits were 

retransformed to arithmetic values.  

Differences in mean fish length among lakes or between habitat types, and differences in arithmetic mean 

mercury concentrations were ascertained employing one-way and two-way analysis of variance 

(ANOVA). If F-values were significant, differences between individual means were confirmed by Holm-

Sidak’s pairwise multiple comparison tests. If normality of data distribution or equality of variances could 

not be achieved by logarithmic transformation of the data, Kruskal-Wallis one way ANOVA on ranks 

was performed. In all cases, significance was established at P greater than or equal to 0.05. Differences in 

standardized mean mercury concentrations between lakes or years were established if the 95% CL of two 

means did not overlap. Statistical analyses were run using Sigma Stat V. 3.01 (SPSS Inc. 2003) and SAS 

for Windows V. 8 (SAS 1999) software. 
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Table 7B-1:  Waterbody with number of sites, sampling year, date and program, and fish species analyzed for mercury 

concentrations under the Keeyask Project   

Waterbody Year Date Sites (n1) Program Species2 

Split Lake 2001 15–26 Aug 16 Index gillnetting Cisco, whitefish, pike, walleye, smelt 

 2002 
13–24 Aug / 

4–10 Oct 
18 Index gillnetting, fish mercury collection Cisco, whitefish, pike, walleye, smelt 

 2005 
20–23 Aug / 

6–9 Oct 
14 Index gillnetting, fish mercury collection Cisco, whitefish, pike, walleye, smelt 

Clark Lake 2004 17–21 Aug 5 Index gillnetting Pike, walleye, smelt 

 2006 13–23 Jun 7 Fish mercury collection Pike, walleye 

Gull Lake 1999 05–10 Oct 11 Index gillnetting Cisco, whitefish, pike, walleye 

 2001 15–25 Aug 17 Index gillnetting Cisco, whitefish, pike, walleye, smelt 

 2002 6–14 Aug 17 Index gillnetting; commercial fishing Cisco, whitefish, pike, walleye, smelt; sturgeon 

 2003 25 July–22 Aug 12 Forage fish gillnetting Smelt, Sp shiner, Em shiner, T perch, Y perch 

 2004 11 Aug – 05 Sep 9 
Forage fish gillnetting 3; commercial 

fishing 

W sucker, smelt, Sp shiner, Em shiner, T perch, Y 

perch; sturgeon 

 2006 
31 May–30 Jun / 

18–27 Aug 

10 

8 
Fish mercury collection Pike, walleye, smelt 

Stephens Lake 2001 
25–27 Aug / 

29 Sep–11 Oct 
13 Index gillnetting, fall tagging Whitefish, pike, walleye, smelt 
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Table 7B-1:  Waterbody with number of sites, sampling year, date and program, and fish species analyzed for mercury 

concentrations under the Keeyask Project   

Waterbody Year Date Sites (n1) Program Species2 

Stephens Lake 

(Continued) 
2002 

24 July–Aug 8 / 

2–5 Oct 
30 

Standard gang & small mesh index 

gillnetting, fall tagging 
Cisco, whitefish, pike, walleye, R smelt 

 2003 23 July–5 Aug 42 Index gillnetting, forage fish gillnetting 
Cisco, whitefish, pike, walleye, smelt, Sp shiner, Em 

shiner, T perch, Y perch 

 2005 
31 Aug–5 Sept /  

26–29 Sept 
13 Index gillnetting, fish mercury collection Cisco, whitefish, pike, walleye, smelt 

Aiken River 2002 31 May–9 June 3 Spring tagging Pike, walleye, W sucker 

 2003 16–20 May 5 Spring tagging Pike, walleye, W sucker 

Aiken River, York Landing 2006 20–21 May 5 Fish mercury collection Pike, walleye 

Aiken River, Ilford 2006 17–19 May 9 Fish mercury collection Pike, walleye 

Assean Lake 2001 29 May–3 Sept 10 Index gillnetting Cisco, whitefish, pike, walleye 

 2002 20–25 Aug 11 Index gillnetting Cisco, whitefish, pike, walleye 

NR mainstem 2006 31 May–24 Jun 8 Index gillnetting, fish mercury collection Pike, walleye 

AEA Offsetting Lakes      

- Atkinson Lake 2006 2–5 Aug 5 Fish mercury collection Pike, walleye 

- Caldwell Lake 2005 8–9 Aug 4 Fish mercury collection Whitefish, walleye 

- Cyril Lake 2006 5–7 Aug 2 Fish mercury collection Whitefish, pike 
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Table 7B-1:  Waterbody with number of sites, sampling year, date and program, and fish species analyzed for mercury 

concentrations under the Keeyask Project   

Waterbody Year Date Sites (n1) Program Species2 

- Christie Lake 2005 14–15 Aug 4 Fish mercury collection Whitefish, pike 

- Kiask Lake 2005 11–12 Aug 4 Fish mercury collection Whitefish, pike, lake trout 

- Limestone Lake 2005 8–9 Aug 4 Fish mercury collection Whitefish 

- Moose Nose Lake 2004 09–11 Sep 4 Fish mercury collection Pike 

- Pelletier Lake 2005 3–4 Aug 2 Fish mercury collection Walleye 

- Recluse Lake 2005 10–12 Aug 5 Fish mercury collection Walleye 

- Thomas Lake 2005 3–4 Aug 3 Fish mercury collection Whitefish, pike 

- War Lake 2006 8–11 Aug 3 Fish mercury collection Pike, walleye 

- Waskaiowaka Lake 2005 6–7 Aug 5 Fish mercury collection Whitefish, pike, walleye 

1. n=sample size. 
2. Whitefish= lake whitefish, pike= northern pike, smelt= rainbow smelt, sturgeon= lake sturgeon, Sp shiner= spottail shiner, Em shiner= emerald shiner, T perch= trout-perch,  

Y perch= yellow perch, W sucker= white sucker. 
3. Sample sites for forage fish gillnetting (including one location just west of Gull Lake) are referred to in Section 7.2.3.2.3 as Nelson River mainstem and backwater sites. 
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Table 7B-2:  Comparison of certified total mercury concentrations (ppm; mean ± 95% C.L. or expanded uncertainty; see 

http://inms-ienm.nrc-cnrc.gc.ca/en/calserv/crm_e.php, last accessed 2 Jan 2007) of certified reference 

materials and laboratory control samples (muscle from four fish) from the Canadian Food Inspection Agency 

in 2005 with analyses done at the DFO Freshwater Institute “metals” laboratory from 1999-2006 

Year Statistic 

Mussel1 Tort-2 Dolt-1 Dolt-2* Dolt-3 Dorm-1 Dorm-2 Fish-368 Fish-369 Fish-370 Fish-371 

(0.0610 ± .0036) (0.27 ± .06) (0.225 ± .037) (2.14 ± .28) (3.37 ± .14) (0.798 ± .074) (4.64 ± .26) (0.782 ± .09) (0.494 ± .06) (0.280 ± .03) (0.399 ± .05) 

1999 Mean 0.0575 0.26 - 2.03 - - 4.32 - - - - 

 n2 5 22  27   12     

2000 Mean 0.0427 0.26 - 1.85 - - 3.92 - - - - 

 n 4 6  6   2     

2001 Mean 0.0622 0.28 - 1.93 - - 3.89 - - - - 

 n 17 32  25   13     

2002 Mean 0.0633 0.28 - 1.93 - - 4.12 - - - - 

 n 14 27  29   11     

2003 Mean 0.0625 0.29 - 1.90 3.20 - 4.02 - - - - 

 n 12 22  4 8  6     

2004 Mean 0.0613 0.27 - - 3.11 - 4.02 - - - - 

 n 13 26   11  9     

2005 Mean 0.0560 0.30 - - 3.11 - 3.95 0.809 0.534 0.263 0.372 

 n 17 45   21  11 6 6 26 26 

2006 Mean 0.0564 0.271 0.262 - 2.843 0.775  - 0.520 0.264 0.369 

 n 5 29 24  25 6  - 20 23 16 

1. Certified reference materials: mussel tissue (CRM 2976), lobster hepatopancreas (Tort-2), dogfish liver (Dolt-1, Dolt-2, Dolt-3), and dogfish red muscle (Dorm-1, Dorm-2). 
2. n represents the number of analyses in a year. 
* Dolt-2 reference material was no longer available after 2003. 
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Table 7B-3:  List of fish species with their standard length (total length for lake 

sturgeon, fork length for all other species) used for the determination of 

mercury concentrations under the Keeyask environmental studies. 

Standard lengths of small individuals of a species analyzed as forage fish 

are given in brackets  

Species Scientific name Standard length (mm) 

Cisco Coregonus artedi 300 

Emerald shiner Notropis atherinoides 75 

Lake sturgeon Acipenser fulvescens 1300 

Lake trout Salvelinus namaycush 500 

Lake whitefish Coregonus clupeaformis 350 

Northern pike Esox lucius 550 

Rainbow smelt Osmerus mordax 100 

Spottail shiner Notropis hudsonius 75 

Trout-perch Percopsis omiscomaycus 75 

Walleye Sander vitreus 400 

White sucker Catostomus commersonii 400 (80) 

Yellow perch Perca flavescens (75) 
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MERCURY CONCENTRATION AND 

FISH LENGTH (LARGE-BODIED FISH)
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Figure 7C-1: Relationship between mercury concentration and fish length for northern 

pike from Split, Clark, and Assean lakes for 2001–2006. Significant linear 

regression lines are shown
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Figure 7D-1: Relationship between mercury concentration and fish length for rainbow 

smelt from Split, Clark, and Stephens lakes for 2001–2005. Significant 

linear regression lines are shown
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7E.1 DESCRIPTIONS OF MODELS USED IN 

PROJECT ASSESSMENT 

To estimate the impact of the Project on maximum mercury concentrations in lake whitefish, northern 

pike, and walleye from the Keeyask reservoir and Stephens Lake, three existing models for predicting 

mercury concentrations in fish were considered: a mechanistic; a semi empirical-semi mechanistic; and an 

empirical model. In the following sections, the applicability of each type of model in predicting mercury 

concentrations in the Keeyask reservoir is discussed, as well as the use of the selected predictive model. A 

second approach that uses a nearby reservoir (Stephens Lake) as a proxy for future conditions in the 

Keeyask reservoir is also described.  

For modelling purposes, the weighted (by fish sample size) mean standard concentrations for the three 

last data years (2001, 2002, 2006) for Gull Lake and the four last data years (2001, 2002, 2003, 2005) for 

Stephens Lake were used to represent current fish mercury levels. There was no discernable temporal 

trend in the concentrations for these years, and all data were used to minimize chance events that may be 

associated with using only the data from the most recent year. 

7E.1.1 MECHANISTIC MODEL 

A mechanistic model (i.e., based on mathematical equations that describe natural processes) was recently 

developed for predicting mercury cycling and bioaccumulation in shallow flood zones of reservoirs using 

data collected as part of the Flooded Uplands Dynamics Experiment (FLUDEX) and the Experimental 

Lakes Area Reservoir Project (ELARP) experiments at the Experimental Lakes Area (ELA) near Kenora, 

Ontario (Harris and Hutchinson 2009). This so-called RESMERC model used a mass balance approach 

to adequately reproduce the key trends in fish mercury concentrations observed in FLUDEX and 

ELARP reservoirs, and a natural lake at the ELA. However, the model was not very successful in 

predicting the mercury dynamics of a relatively large, morphometrically complex, old reservoir (i.e., Notigi 

Lake in northern Manitoba). The authors concluded that additional model testing was necessary at other 

full-scale reservoirs to better calibrate and constrain the model and to account for potential effects of, for 

example, hypolimnetic mercury production, spatial heterogeneity in mercury concentrations, and 

differences in flow rate/hydraulic residence time (Harris and Hutchinson 2009). Furthermore, most of 

the model’s input parameters are not known for Gull Lake, and would have to be substituted by generic 

values or, if available, data from other northern Manitoba reservoirs. For these reasons, the RESMERC 

model was not used to predict fish mercury concentrations for the Keeyask project. 

7E.1.2 SEMI MECHANISTIC-SEMI EMPIRICAL MODEL 

A so-called semi mechanistic-semi empirical model that incorporates some of the functional geochemical 

and biological relationships that govern mercury cycling and bioaccumulation in reservoirs is currently 

being developed for Hydro Québec at the University of Sherbrooke. This model mainly uses inputs 
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obtained from the monitoring of the La Grande hydroelectric complex and is not ready/available for 

more general use (Schetagne pers. comm. 2009).  

7E.1.3 EMPIRICAL MODEL 

An empirical model (i.e., based on observed data) was developed by Johnston et al. (1991) to predict 

maximum fish mercury body burdens following reservoir creation using regression equations developed 

from data collected from 21 northern Manitoba lakes and reservoirs on or near the route of the CRD. 

Body burden refers to the total amount of mercury in a fish (i.e., the product of mercury concentration 

and fish weight). The physical variables used in the model equations to predict mercury burden include: 

change in surface water level; percent flooding (%F); upstream percent flooding (U%F); flooded area to 

volume ratio; and upstream flooded area to volume ratio. Statistical analysis was used to relate the 

observed mercury burden of lake whitefish, northern pike, and walleye in the different lakes to the five 

physical variables to show which of these variables are the best predictor(s) of peak mercury 

concentrations. 

7E.2 MODEL SELECTION 

Because both the RESMERC model and the Hydro Québec model still need to be improved or are not 

yet available, the empirical model(s) developed by Johnston et al. (1991) was selected to predict maximum 

mercury concentrations in the Keeyask reservoir. The model(s) is published in the peer-reviewed 

literature, is based on data for lakes from the same geographical area as the Keeyask Project, and all the 

necessary data are available from the Keeyask Project. It is important to recognize that the Johnston et al. 

(1991) model(s) can only be applied to estimate maximum mercury burdens/concentrations in lake 

whitefish, northern pike, and walleye, but does not predict the timing of maximum mercury 

concentrations and the duration of elevated concentrations in these species. 

Because upstream flooding is not an issue for the Keeyask reservoir, the two Johnston et al. (1991) model 

equations initially considered in the impact analysis were: 

(1) MERC = b0 + b1 %F; and  

(2) MERC = b0 + b1 AVR 

where  MERC = mean peak mercury burden calculated as the product of fish wet weight and 

      muscle mercury concentration;  

%F = the percentage of reservoir flooding (i.e., flooded area/total area);  

AVR = the ratio of flooded area to reservoir volume; 

b0 = regression constant related to the baseline mercury burden without flooding; and  

b1 = regression constant related to the flooding contribution to the burden.  
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These models were developed for fish of a standard fork length of 550 mm for northern pike, 400 mm 

for walleye, and 350 mm for lake whitefish, resulting in the following regression equations for the %F 

models (coefficient of determination): 

(1a) Northern pike:  565.0 + 15.70 %F (r2=0.38) 

(1b) Walleye:  292.7 +10.18 %F (r2=0.57) 

(1c) Lake whitefish: 60.1 + 1.60 %F  (r2=0.52) 

Model equations (1a-c) and (2a-c, not shown) were modified to better represent the specific conditions in 

the Keeyask reservoir and Stephens Lake. This was accomplished by replacing the "generic" intercept of 

the equations with a specific intercept that reflects existing fish mercury concentrations and body mass 

for each of the three species in Gull and Stephens lakes. The intercept was calculated by multiplying the 

current species-specific mean mercury concentration by the average weight of a fish of standard length 

obtained from the weight-length regression from a large sample (greater than 500) of fish. The adjusted 

regression equations for Gull Lake were: 

(1aa) Northern pike:  285.2 + 15.70 %F  

(1ba) Walleye:  186.6 +10.18 %F  

(1ca) Lake whitefish:  54.4 + 1.60 %F  

Predicted mercury body burdens were recalculated as concentrations. The percentage flooding for the 

Keeyask reservoir at day 1 (i.e., first day the initial fill level is in effect) was calculated according to 

Johnston et al. (1991) as 49.6%, applying a pre-flood area of 46.6 km2 and a reservoir area of 92.5 km2 (i.e., 

45.9 km2 flooded area) (PE SV, Section 6). Over time, more peat is expected to disintegrate in the 

Keeyask reservoir, increasing the total flooded area in Year 5 post-flooding by 2.9 km2 (PE SV, 

Section 6.) or 1.6%. The continuing peat disintegration could enhance methylmercury production in 

sediments (see Section 2.5) and, subsequently, the magnitude and the duration of elevated mercury 

concentrations in fish. To obtain a worst case quantitative estimate of the potential effect of peat 

disintegration on fish mercury concentrations, percentage flooding at Day 1 was also calculated by adding 

the entire 2.9 km2 increase in flooded area predicted for Year 5 to the 45.9 km2 initial flooded area, 

resulting in a percentage flooding of 51.2% (PE SV, Section 6). 

The %F and the AVR models resulted in estimates of fish mercury concentrations that are within 2–5% 

of each other. Because reservoir volume is estimated with less certainty than percent flooded area, only 

the results for the %F models are presented in this document. 

To test the Johnston et al. (1991) %F model (1) on a reservoir that was not part of the model building 

process, that is located within the study area, and that has a long record of fish mercury concentrations, 

the modified model (modifications as described above) was applied to Stephens Lake. For this hind cast 

prediction of maximum values, it was assumed that the mercury concentrations and length-weight 

relationships obtained for whitefish, pike, and walleye from Stephens Lake in 2003 are similar to those 

during pre-impoundment years (i.e., prior to the construction of the Kettle GS). Although maximum fish 

mercury concentrations for Stephens Lake are not known because of the time lag between impoundment 

and first mercury measurements in fish (see below) and the first measured values had to be used for 
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comparison, the results of this test indicated that the model severely underestimated maximum 

concentrations in walleye and likely underestimated those in pike (Table 7E-1). 

7E.2.1 STEPHENS LAKE PROXY MODEL 

Because of the disjunct between modeled and likely maximum mercury concentrations in at least two of 

the three fish species from Stephens Lake (Table 7E-1), a second empirical approach to estimate future 

fish mercury concentrations in the Keeyask reservoir was used. For this, Stephens Lake was used as a 

proxy for future mercury methylation and bioaccumulation conditions in the Keeyask reservoir. Stephens 

Lake was considered appropriate as it is adjacent to Gull Lake in a similar physiogeographic area, and 

flooding related to the construction of the Kettle GS affected areas with much peat and other wetlands, 

as will occur in the Keeyask reservoir (PE SV, Section 6.4.2.1). Natural wetlands (including peatlands) are 

a major source (Kelly et al. 1997) and play an important role in the transport (Driscoll et al. 1994) of 

methylmercury to lake ecosystems. Although trees were not cleared from the flooded zone of Stephens 

Lake prior to inundation, as is proposed for the Keeyask reservoir, this difference in site preparation is 

negligible for modeling purposes, because the elimination of standing trees alone removes only 

insignificant amounts of mobile carbon and mercury compared to that left in other vegetation and soil 

(Mailman et al. 2006).  

As mentioned before, the exact maximum mercury concentrations in fish from Stephens Lake are 

unknown because of the long time lag between flooding (1970) and first mercury measurements 

(1981/1983). Concentrations in walleye, northern pike, and lake whitefish were 1.76, 1.05, and 0.19 ppm, 

respectively, when first (second for whitefish) measured 11–14 years after flooding (Table 7E-1). For 

more realistic estimates of maximum post-flooding concentrations, values of 2.0, 1.8, and 0.25 ppm were 

assumed for the three species, respectively. These estimates were obtained by applying the relationship 

between maximum fish mercury concentrations three to eight years after flooding and the concentrations 

four to eight additional years later from several northern Manitoba reservoirs to Stephens Lake. Expected 

maximum mercury concentrations of whitefish, pike, and walleye in the Keeyask reservoir were predicted 

by linear interpolation from the existing concentrations in Stephens Lake. For this, it was assumed that 

current (weighted mean for years 2001–2005) mercury concentrations of whitefish (0.09 ppm), pike 

(0.26 ppm), and walleye (0.29 ppm) in Stephens Lake represent natural, pre-impoundment conditions. 

Expected maximum concentration for whitefish, pike, and walleye in the Keeyask reservoir were then 

estimated based on the increases in concentrations for 70.3% flooding (Derksen and Green 1987; 

Canada-Manitoba Agreement on the Study and Monitoring of Mercury in the Churchill River Diversion 

[CMAMM] 1987) by interpolating for percentage flooding predicted for the Keeyask reservoir. The 

resultant concentrations were added to the current (weighted mean for years 2001–2006) concentrations 

for each species in Gull Lake. For example, mercury concentrations in walleye increased by 1.70 ppm 

(2.0–0.30 ppm) for 70.3% flooding in Stephens Lake, corresponding to 1.20 ppm and 1.23 ppm for the 

49.6% (Day 1) and 51.2 % (Year 5) flooding of the Keeyask reservoir. With current Gull Lake 

concentrations of 0.23 ppm, the expected maximum concentration in walleye for the Keeyask reservoir is 

1.42–1.46 ppm (differences due to rounding). 
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7E.2.2 MODEL TO PREDICT FISH MERCURY 

CONCENTRATIONS DOWNSTREAM OF THE 

KEEYASK RESERVOIR 

The export of methylmercury in water and biota from flooded lakes resulting in elevated fish mercury 

concentrations downstream is known from Manitoba (Bodaly et al. 2007) and Québec (Schetagne and 

Verdon 1999b; Schetagne et al. 2000; Schetagne et al. 2003) hydroelectric reservoirs. Significant increases 

in downstream transport of methylmercury have also been observed during the experimental flooding 

studies of the ELA reservoir projects (Kelly et al. 1997; St. Louis et al. 2004; Hall et al. 2005). The 

geographical extent of downstream effects in large reservoirs is highly variable (Bodaly et al. 2007), but 

has been observed as far as 275 km on downstream river sections without large, deep bodies of water 

that promote biological uptake of mercury-rich particles originating from the reservoir (Schetagne and 

Verdon 1999b). In order to estimate downstream export of mercury from the Keeyask reservoir, 

maximum fish mercury concentrations in Stephens Lake were first estimated using the Johnston et al. 

(1991) two-variable model, which considers percent in situ flooding and upstream flooding:  

(3) MERC = b0 + b1 %F + b2 U%F 

where: MERC = mean peak mercury burden calculated as the product of fish wet weight and  

                muscle mercury concentration;  

%F = the percentage of reservoir flooding (i.e., flooded area/total area);  

b0 = regression constant related to the baseline mercury burden without flooding;  

b1 = regression constant related to the flooding contribution to the burden 

U%F = percentage of upstream (i.e., Keeyask reservoir) flooding (flooded 

            area/total area); and 

b2 = regression constant related to the upstream contribution of fish mercury burden.  

The resultant estimates of maximum mercury concentrations in Stephens Lake were unrealistically high 

(e.g., 1.5 ppm for pike). A probable explanation for the inability of the %F/U%F model (3) to reasonably 

predict downstream export of mercury from the Keeyask reservoir into Stephens Lake is that the within-

lake and upstream variables are given the same relative importance, such that upstream effects have a 

much larger effect on mercury burdens than within-reservoir effects (Johnston et al. 1991). Moreover, 

upstream flooding in Johnston et al. (1991) did not consider the distance between and the relative sizes of 

the flooded and downstream waterbody, and thus potential dilution effects. Finally, Stephens Lake (i.e., 

the receiving waterbody) will experience no flooding due to the Project, a scenario that was not part of 

the Johnston et al. (1991) model building. Because of the apparent inadequacies of the 2-variable model 

(3) and the close proximity of the Keeyask reservoir and Stephens Lake (less than 4 km), the two 

waterbodies were treated as one and the %F model (1) was used to predict downstream mercury 

concentrations. Thus, the area flooded by the Keeyask GS (45.9 km2 on Day 1, 48.8 km2 in Year 5) 

(PE SV, Section 6 [Shoreline Erosion Processes]) was apportioned to the combined area of the Keeyask 
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reservoir (92.5 km2 on Day 1, 95.4 km2 in Year 5) and the Stephens Lake water area of 332.02 km2 (TE 

SV), resulting in a percentage flooding of 10.8% at day 1 and 11.4% at Year 5 post-impoundment. This 

approach likely represents a worst-case scenario as Stephens Lake may experience only downstream 

transport of water (see Section 2.5) and biota with elevated methylmercury concentrations rather than in 

situ increases in mercury methylation due to the Project. 
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Table 7E-1:  Model-derived estimates of mean maximum mercury concentrations (ppm) 

in lake whitefish, northern pike, and walleye for Stephens Lake after the 

construction of the Kettle Generating Station in 1970 compared to the first 

(second for whitefish) measured mean (±95% CL) mercury concentrations 

in 1981/1984 

Model 
Species 

Lake Whitefish Northern Pike Walleye 

%F model1 0.26 1.16 1.20 

First measured 0.19 (0.17–0.21) 1.05 (0.96–1.15) 1.762 

Year of measurement 1984 1983 1981 

1.  Percent flooded (%F) regression model modified after Johnston et al. (1991).  
2.  Commercial sample; the first sample of individual fish in 1983 had a mean of 1.37 (± 1.10-1.70) ppm. 
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Table 7F-1: Mean (± standard error [SE]) fork length, round weight, and age of fish 

species of commercial importance from study area waterbodies, 1998–

2006 

Species Waterbody Year  Length (mm) n1  Weight (g) n  Age (years) n 

Lake Split Lake 1998  361.8 ± 15.6 24  852.7 ± 100.2 24  6.9 ± 1.0 24 

whitefish  2001  326.3 ± 23.1 28  803.7 ± 139.0 28  6.5 ± 1.0 28 

  2002  355.8 ± 24.6 30  1074.4 ± 171.8 30  7.0 ± 0.8 30 

  2005  464.6 ± 5.8 37  1929.7 ± 81.6 37  11.3 ± 0.4 37 

 Gull Lake 1999  356.4 ± 22.8 22  1058.0 ± 153.8 22  5.8 ± 0.7 22 

  2001  415.4 ± 23.3 21  1584.5 ± 261.9 21  7.7 ± 1.1 21 

  2002  366.9 ± 30.1 26  1450.8 ± 239.5 25  7.8 ± 1.2 26 

 Stephens 2001  488.6 ± 9.0 15  2180.3 ± 123.2 15  13.2 ± 1.4 9 

 Lake 2002  402.7 ± 23.6 25  1363.6 ± 189.2 25  8.1 ± 0.9 25 

  2003  393.6 ± 14.9 78  1747.8± 134.6 69  9.5 ± 0.7 76 

  2005  488.3 ± 9.5 25  2234.0± 138.4 25  12.2 ± 0.8 25 

 Assean Lake 2001  331.3 ± 21.5 32  783.5 ± 131.2 32  5.3 ± 0.7 32 

  2002  349.8 ± 22.9 28  822.2 ± 129.1 28  6.4 ± 0.9 27 

Northern  Split Lake 1998  557.7 ± 23.5 38  1500.9 ± 186.4 38  4.9 ± 0.4 35 

pike  2001  610.7 ± 23.4 25  1906.0 ± 207.3 25  6.2 ± 0.3 25 

  2002  666.3 ± 28.0 33  2678.8 ± 331.5 33  7.8 ± 0.6 25 

  2005  573.6 ± 17.4 51  1571.6 ± 142.5 51  6.8 ± 0.4 51 

 Clark Lake 2004  645.8 ± 20.9 44  2213.0 ± 219.9 23  6.8 ± 0.4 44 

  2006  613.9 ± 35.0 31  2245.0 ± 287.8 30  7.8 ± 0.6 31 

 NR Mainstem2 2006  653.9 ± 17.6 22  2046.6 ± 167.7 22  - - 

 Gull Lake 1999  694.4 ± 27.8 40  3440.0 ± 412.6 40  8.0 ± 0.5 39 

  2001  687.8 ± 30.0 33  2966.7 ± 381.2 33  7.6 ± 0.5 31 

  2002  699.7 ± 29.9 35  3298.6 ± 411.5 35  9.2 ± 0.6 35 

  2006  501.3 ± 29.5 44  1361.0 ± 227.5 44  5.3 ± 0.5 44 

 Stephens 2001  641.1 ± 35.9 27  2376.9 ± 406.7 27  5.7 ± 0.5 265 

 Lake 2002  700.1 ± 29.9 35  2955.0 ± 357.1 35  9.3 ± 0.7 33 

  2003  631.5 ± 17.7 76  2276.8 ± 203.2 76  9.4 ± 0.5 73 

  2005  583.5 ± 20.0 52  1742.8 ± 206.9 52  6.7 ± 0.4 52 

 Aiken River 2002  530.1 ± 34.3 17  1436.8 ± 399.4 17  5.1 ± 0.4 15 

  2003  492.5 ± 21.8 18  958.9 ± 104.8 14  6.2 ± 0.5 18 

 AR3, York Landing 2006  589.2 ± 12.2 33  1519.7 ± 101.5 33  7.2 ± 0.3 30 

 AR3, Ilford 2006  496.4 ± 8.1 50  949.0 ±  44.1 50  6.3 ± 0.2 50 

 Assean Lake 2001  703.6 ± 30.5 34  2972.1 ± 385.4 34  7.4 ± 0.5 34 

  2002  706.1 ± 27.5 35  2998.6 ± 354.0 35  8.5 ± 0.5 35 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 7: FISH QUALITY   7F-2 

Table 7F-1: Mean (± standard error [SE]) fork length, round weight, and age of fish 

species of commercial importance from study area waterbodies, 1998–

2006 

Species Waterbody Year  Length (mm) n1  Weight (g) n  Age (years) n 

Walleye  Split Lake 1998  362.0 ± 21.6 25  714.6 ± 138.3 25  7.6 ± 0.8 25 

  2001  398.1 ± 21.6 27  1033.1 ± 157.5 27  7.2 ± 0.7 26 

  2002  410.2 ± 21.7 30  1175.2 ± 169.6 29  7.6 ± 0.8 28 

  2005  330.2 ± 16.1 53  634.4 ±  83.7 53  6.1 ± 0.4 53 

 Clark Lake 2004  399.7 ± 17.2 44  966.6 ± 103.8 41  6.7 ± 0.5 44 

  2006  338.0 ± 12.3 48  1127.1 ± 76.2 48  7.9 ± 0.4 47 

 NR mainstem2 2006  525.9 ± 23.0 10  1880.0 ± 201.3 10  - - 

 Gull Lake 1999  444.6 ± 13.7 22  1350.0 ± 131.5 22  8.5 ± 0.8 22 

  2001  421.5 ± 20.7 26  1180.8 ± 165.0 26  7.0 ± 1.0 24 

  2002  423.3 ± 23.6 32  1339.6 ± 200.8 32  9.1 ± 1.1 32 

  2006  463.8 ± 19.5 34  1415.3 ± 149.6 34  9.9 ± 0.9 34 

 Stephens 2001  418.6 ± 20.5 29  1217.2 ± 174.1 29  7.9 ± 1.0 29 

 Lake 2002  437.9 ± 21.7 34  1320.6 ± 171.4 34  10.4 ± 0.9 33 

  2003  433.5 ± 11.8 70  1240.3 ± 94.6 69  10.2 ± 0.6 67 

  2005  400.8 ± 13.4 69  1141.3 ± 96.1 69  10.1 ± 0.7 69 

 Aiken River 2002  387.2 ± 5.7 41  714.7 ± 39.2 39  6.7 ± 0.3 38 

  2003  396.7 ± 10.3 16  681.8 ± 71.2 11  8.1 ± 0.5 13 

 AR3, York Landing 2006  387.3 ± 6.4 51  722.5 ± 36.2 51  6.5 ± 0.2 51 

 AR3, Ilford 2006  397.3 ± 5.1 49  737.2 ± 33.9 49  7.6 ± 0.2 49 

 Assean Lake 2001  389.4 ± 19.6 27  853.7 ± 117.7 27  8.2 ± 0.9 27 

  2002  399.5 ± 20.4 28  873.6 ± 120.5 28  9.2 ± 0.7 28 

1. Number of fish measured. 
2. River mainstem between Clark and Gull lakes. 
3. Aiken River. 
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Table 7G-1: Mean (± standard error [SE]) length, weight, and age of forage fish from 

study area waterbodies, 2001–2006 

Species Waterbody Year  
Length 

(mm) 
n1  Weight (g) n  Age (years) n 

Rainbow Split Lake 2001  102.2 ± 2.7 37  7.0 ± 0.4 37  n.a.1 37 

smelt  2002  97.7 ± 3.1 28  6.3 ± 0.6 28  2.3 ± 0.1 27 

  2005  111.3 ± 5.9 6  10.5 ± 0.3 6  3.5 ± 0.4 6 

 Clark Lake 2004  95.5 ± 1.4 50  6.0 ± 0.4 50  n.a. - 

 Gull Lake 2001  99.1 ± 2.9 29  6.5 ± 0.5 29  2.0 ± 0.1 26 

  2002  102.4 ± 3.3 32  7.3 ± 0.7 32  2.2 ± 0.1 32 

  2003  103.1 ± 1.4 40  8.3 ± 0.3 40  2.7 ± 0.2 40 

 Gull Lake – MSt2 2004  87.0 ± 1.8 40  4.3 ± 0.4 40  1.1 ± 0.1 14 

 Gull Lake – BW2 2004  91.4 ± 1.3 30  5.1 ± 0.2 30  1.8 ± 0.2 8 

 Gull Lake 2006  92.9 ± 2.3 47  4.3 ± 0.41 47  2.0 ± 0.1 24 

 Stephens Lake 2001  104.0 ± 3.1 23  7.1 ± 0.7 23  2.0 ± 0.1 21 

  2002  100.8 ± 3.4 28  6.5 ± 0.7 28  2.4 ± 0.2 28 

  2003  102.4 ± 1.7 40  7.7 ± 0.3 40  2.3 ± 0.1 33 

  2005  103.6 ± 1.5 45  7.0 ± 0.3 45  3.3 ± 0.1 14 

Emerald Gull Lake 2003  52.6 ± 5.1 18  1.6 ± 0.5 18  1.6 ± 0.3 18 

shiner Gull Lake – MSt 2004  85.5 ± 0.8 31  6.1 ± 0.2 31  3.4 ± 0.2 31 

 Gull Lake – BW 2004  85.0 ± 7.0 2  5.9 ± 1.0 2  3.5 ± 0.5 2 

 Stephens Lake 2003  84.6 ± 1.3 53  7.4 ± 0.3 53  3.5 ± 0.2 24 

Spottail Gull Lake 2003  70.3 ± 3.4 32  3.5 ± 0.4 32  2.5 ± 0.4 15 

shiner Gull Lake – MSt 2004  67.9 ± 2.4 31  3.9 ± 0.4 31  2.4 ± 0.2 31 

 Gull Lake – BW 2004  82.4 ± 1.5 31  6.6 ± 0.4 31  3.3 ± 0.2 31 

 Stephens Lake 2003  75.9 ± 1.8 40  6.5 ± 0.3 40  3.1 ± 0.3 17 

Trout- Gull Lake 2003  76.3 ± 2.5 40  6.3 ± 0.7 40  3.7 ± 0.3 18 

perch Gull Lake – MSt 2004  70.2 ± 2.4 20  4.7 ± 0.5 20  2.2 ± 0.2 20 

 Gull Lake – BW 2004  65.4 ± 2.4 16  3.5 ± 0.5 16  1.9 ± 0.2 17 

 Stephens Lake 2003  78.3 ± 2.3 40  7.5 ± 0.5 40  3.1 ± 0.2 18 

Yellow Gull Lake 2003  78.4 ± 3.0 16  6.6 ± 0.7 16  1.8 ± 0.1 10 

perch Gull Lake – MSt 2004  65.5 ± 3.5 49  5.2 ± 0.8 49  1.0 ± 0.2 13 

 Gull Lake – BW 2004  88.6 ± 1.5 30  8.7 ± 0.5 30  1.4 ± 0.2 10 

 Stephens Lake 2003  72.6 ± 2.1 44  7.0 ± 0.7 40  1.8 ± 0.3 13 

White Gull Lake – MSt 2004  79.2 ± 6.5 20  6.5 ± 1.2 20  0.7 ± 0.2 10 

sucker Gull Lake – BW 2004  88.3 ± 1.7 18  8.1 ± 0.5 18  1.0 ± 0.0 12 

1. Number of fish measured. 
2. Fish caught in mainstem (MSt) and backwaters (BW) areas of the Nelson River at Gull Lake. 



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 7: FISH QUALITY 

APPENDIX 7H  

MERCURY CONCENTRATIONS OF 

LARGE-BODIED FISH FROM STUDY 

AREA WATERBODIES, 1998–2006



KEEYASK GENERATION PROJECT June 2012 

AQUATIC ENVIRONMENT 
SECTION 7: FISH QUALITY  7H-1 

Table 7H-1: Mean arithmetic (± standard error [SE]) and standardized (± 95% CL) 

mercury concentration (ppm) of large-bodied fish from study area 

waterbodies, 1998–2006 

Species Waterbody Year n1 Arithmetic SE Standard 95% CL 

Lake Split Lake 1998 24 0.117 0.007 0.111 0.075–0.163 

whitefish  2001 28 0.068 0.010 0.066 0.058–0.076 

  2002 30 0.079 0.013 0.061 0.049–0.076 

  2005 37 0.075 0.004 0.030 0.021–0.042 

 Assean Lake 2001 32 0.053 0.006 0.050 0.041–0.060 

  2002 28 0.064 0.009 0.057 0.049–0.067 

 Gull Lake 1999 22 0.098 0.016 0.075 0.055–0.103 

  2001 21 0.088 0.010 0.062 0.053–0.073 

  2002 26 0.102 0.014 0.082 0.070–0.097 

 Stephens Lake 1999 6 0.091 0.021 0.077 0.050–0.118 

  2001 15 0.153 0.014 0.104* 0.037–0.298 

  2002 25 0.134 0.013 0.112 0.096–0.131 

  2003 78 0.125 0.008 0.104 0.096–0.113 

  2005 25 0.108 0.009 0.029 0.020–0.042 

Northern  Split Lake 1998 38 0.304 0.027 0.265 0.086–0.815 

pike  2001 25 0.335 0.039 0.234 0.195–0.281 

  2002 33 0.392 0.055 0.208 0.175–0.246 

  2005 51 0.237 0.023 0.182 0.164–0.202 

 Aiken River2 2002 17 0.246 0.027 0.243 0.196–0.302 

  2003 18 0.268 0.038 0.327 0.252–0.424 

  2006 33 0.298 0.018 0.259 0.228–0.293 

 Aiken River, Ilford 2006 50 0.225 0.012 0.252 0.222–0.285 

 Assean Lake 2001 34 0.330 0.033 0.188 0.162–0.219 

  2002 35 0.355 0.032 0.194 0.168–0.225 

 Clark Lake 2004 44 0.296 0.025 0.202 0.178–0.228 

  2006 31 0.329 0.032 0.275 0.237–0.318 

 Nelson River3 2006 22 0.264 0.028 0.159 0.122–0.207 

 Gull Lake 1999 40 0.572 0.049 0.314 0.278–0.355 

  2001 33 0.447 0.060 0.220 0.181–0.268 

  2002 35 0.466 0.049 0.226 0.196–0.260 

  2006 44 0.215 0.024 0.211 0.183–0.244 
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Table 7H-1: Mean arithmetic (± standard error [SE]) and standardized (± 95% CL) 

mercury concentration (ppm) of large-bodied fish from study area 

waterbodies, 1998–2006 

Species Waterbody Year n1 Arithmetic SE Standard 95% CL 

Northern  Stephens Lake 1999 14 0.369 0.069 0.432 0.316–0.591 

pike  2001 27 0.573 0.099 0.316 0.276–0.361 

(Continued)  2002 35 0.663 0.083 0.332 0.280–0.395 

  2003 76 0.448 0.038 0.272 0.246–0.301 

  2005 52 0.250 0.030 0.180 0.165–0.196 

Walleye Split Lake 1998 253 0.315 0.029 0.311 0.106–0.914 

  2001 27 0.216 0.028 0.191 0.168–0.218 

  2002 30 0.238 0.025 0.210 0.180–0.245 

  2005 53 0.099 0.007 0.118 0.108–0.128 

 Aiken River2 2002 41 0.224 0.014 0.221 0.197–0.248 

  2003 16 0.209 0.020 0.199* 0.164–0.242 

  2006 51 0.187 0.007 0.190 0.179–0.202 

 Aiken River, Ilford 2006 49 0.249 0.011 0.244 0.228–0.261 

 Assean Lake 2001 27 0.180 0.017 0.176 0.158–0.196 

  2002 28 0.213 0.018 0.203 0.182–0.227 

 Clark Lake 2004 44 0.173 0.018 0.154 0.141–0.167 

  2006 48 0.281 0.022 0.229 0.203–0.259 

 Nelson River3 2006 10 0.524 0.086 0.167 0.057–0.485 

 Gull Lake 1999 22 0.414 0.042 0.293 0.244–0.353 

  2001 26 0.273 0.045 0.190 0.167–0.217 

  2002 32 0.371 0.051 0.263 0.227–0.304 

  2006 34 0.405 0.051 0.216 0.182–0.255 

 Stephens Lake 1999 24 0.444 0.058 0.425 0.356–0.508 

  2001 29 0.373 0.050 0.277 0.243–0.316 

  2002 34 0.469 0.035 0.405 0.378–0.434 

  2003 70 0.418 0.027 0.329 0.298–0.364 

  2005 69 0.249 0.022 0.204 0.183–0.227 

* The relationship between mercury concentration and fish length was not significant. 
1. Number of fish measured. 
2 At York Landing. 
3. River mainstem between Clark and Gull lakes. 
4. One outlier mercury value excluded. 
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Table 7I-1: Mean arithmetic (± standard error [SE]) and standardized (± 95% 

confidence level [CL]) mercury concentration (ppm) of forage fish from 

study area waterbodies, 2001–2006 

Species Waterbody Year n1 Arithmetic SE Standard 95% CL 

Rainbow Split Lake 2001 37 0.039 0.003 0.036* 0.032–0.042 

smelt  2002 28 0.031 0.002 0.031 0.027–0.034 

  2005 6 0.068 0.016 0.042* 0.022–0.079 

 Clark Lake 2004 51 0.017 0.001 0.017* 0.015–0.019 

 Gull Lake 2001 29 0.052 0.006 0.046* 0.038–0.055 

  2002 32 0.045 0.004 0.040 0.034–0.047 

  2003 40 0.024 0.001 0.023* 0.021–0.026 

 Gull – MSt2 2004 40 0.016 0.002 0.010 0.008–0.014 

 Gull – BW2 2004 30 0.015 0.001 0.016* 0.012–0.021 

  2006 47 0.052 0.006 0.044* 0.035–0.055 

 Stephens Lake 2001 23 0.060 0.008 0.052* 0.041–0.066 

  2002 28 0.053 0.009 0.039 0.030–0.050 

  2003 40 0.041 0.003 0.036* 0.031–0.042 

  2005 45 0.044 0.005 0.036* 0.030–0.045 

Emerald Gull Lake 2003 18 0.049 0.015 0.069 0.048–0.097 

shiner Gull – MSt 2004 31 0.104 0.006 0.073* 0.049–0.109 

 Gull – BW 2004 2 0.110 0.029 0.071* - 

 Stephens Lake 2003 53 0.148 0.009 0.117* 0.097–0.142 

Spottail Gull Lake 2003 32 0.060 0.007 0.058 0.051–0.066 

shiner Gull – MSt 2004 31 0.053 0.007 0.056 0.048–0.066 

 Gull – BW 2004 31 0.074 0.006 0.047 0.041–0.055 

 Stephens Lake 2003 40 0.155 0.011 0.138* 0.117–0.162 

Trout- Gull Lake 2003 40 0.039 0.003 0.036 0.032–0.041 

perch Gull – MSt 2004 20 0.025 0.003 0.024* 0.020–0.030 

 Gull – BW 2004 17 0.018 0.001 0.018* 0.015–0.021 

 Stephens Lake 2003 40 0.060 0.004 0.053 0.047–0.059 

Yellow Gull Lake 2003 16 0.023 0.001 0.022* 0.019–0.025 

perch Gull – MSt 2004 49 0.029 0.002 0.027* 0.024–0.030 

 Gull – BW 2004 30 0.038 0.002 0.043* 0.033–0.055 

 Stephens Lake 2003 44 0.052 0.004 0.046* 0.040–0.055 

White Gull – MSt 2004 20 0.022 0.002 0.021* 0.019–0.024 

sucker Gull – BW 2004 18 0.017 0.001 0.015* 0.012–0.020 

* The relationship between mercury concentration and fish length was not significant.  
1. Number of fish measured. 
2. Fish caught in mainstem (MSt) and backwaters (BW) areas of the Nelson River at Gull Lake. 
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Table 7J-1: Percentage of large-bodied fish from study area waterbodies with mercury 

concentrations of ≥0.2 ppm or ≥0.5 ppm, 1998–2006  

Species Waterbody Year n1 ≥ 0.2 ppm % ≥ 0.5 ppm % Max2 (ppm) 

Lake Split Lake 1998 24 1 4.2 0 0.0 0.211 

whitefish  2001 28 0 0.0 0 0.0 0.196 

  2002 30 3 10.0 0 0.0 0.281 

  2005 37 0 0.0 0 0.0 0.139 

 Assean Lake 2001 32 0 0.0 0 0.0 0.174 

  2002 28 1 3.6 0 0.0 0.237 

 Gull Lake 1999 22 1 4.5 0 0.0 0.310 

  2001 21 0 0.0 0 0.0 0.197 

  2002 26 2 7.7 0 0.0 0.255 

 Stephens Lake 1999 6 0 0.0 0 0.0 0.155 

  2001 15 4 26.7 0 0.0 0.236 

  2002 25 4 16.6 0 0.0 0.333 

  2003 78 9 11.5 0 0.0 0.370 

  2005 25 0 0.0 0 0.0 0.194 

Northern  Split Lake 1998 38 26 68.4 4 10.5 0.723 

pike  2001 25 17 68.0 7 28.0 0.721 

  2002 33 24 72.7 7 21.2 1.428 

  2005 51 27 52.9 5 9.8 0.846 

 Aiken River3 2002 17 11 64.7 0 0.0 0.466 

  2003 18 12 66.7 1 5.6 0.641 

  2006 33 27 81.8 1 3.0 0.547 

 Aiken River, Ilford 2006 50 29 58.0 0 0.0 0.477 

 Assean Lake 2001 34 23 67.6 5 14.7 0.874 

  2002 35 28 80.0 7 20.0 0.862 

 Clark Lake 2004 44 31 70.5 6 13.6 0.743 

  2006 31 22 71.0 5 16.1 0.806 

 Nelson River4 2006 22 13 59.1 2 9.1 0.596 

 Gull Lake 1999 40 36 90.0 22 55.0 1.257 

  2001 33 25 75.8 12 36.4 1.470 

  2002 35 27 77.1 15 42.8 1.136 

  2006 44 16 36.4 3 6.8 0.775 

 Stephens Lake 1999 14 11 78.6 2 14.3 0.939 

  2001 27 22 81.5 9 33.3 2.099 

  2002 35 33 94.3 15 42.9 1.954 

  2003 76 60 78.9 25 32.9 1.529 

  2005 52 25 48.1 4 7.7 1.288 
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Table 7J-1: Percentage of large-bodied fish from study area waterbodies with mercury 

concentrations of ≥0.2 ppm or ≥0.5 ppm, 1998–2006  

Species Waterbody Year n1 ≥ 0.2 ppm % ≥ 0.5 ppm % Max2 (ppm) 

Walleye Split Lake 1998 253 21 84.0 3 12.0 0.602 

  2001 27 10 37.0 1 3.7 0.533 

  2002 30 12 40.0 2 6.7 0.652 

  2005 53 2 3.8 0 0.0 0.222 

 Aiken River3 2002 41 21 51.2 1 2.4 0.524 

  2003 16 7 43.8 0 0.0 0.416 

  2006 51 16 31.4 0 0.0 0.333 

 Aiken River, Ilford 2006 49 33 67.3 1 2.0 0.553 

 Assean Lake 2001 27 10 37.0 0 0.0 0.423 

  2002 28 12 42.9 0 0.0 0.449 

 Clark Lake 2004 44 14 31.8 1 2.3 0.609 

  2006 48 33 68.8 7 14.6 0.806 

 Gull Lake 1999 22 19 86.4 7 31.8 0.791 

  2001 26 12 46.2 5 19.2 0.864 

  2002 32 27 77.1 15 37.5 1.074 

  2006 34 21 61.8 15 44.1 1.184 

 Stephens Lake 1999 24 15 62.5 10 41.7 0.987 

  2001 29 16 55.2 11 37.9 0.956 

  2002 34 34 100.0 12 35.3 1.012 

  2003 70 59 84.3 23 32.9 1.067 

  2005 69 34 49.3 10 14.5 0.708 

1. Number of fish measured. 
2. Maximum mercury concentration. 
3. At York Landing. 
4. River mainstem between Clark and Gull lakes. 
5. One outlier mercury value excluded. 
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Table 7K-1: Mean (± standard error [SE]) fork length, round weight, and age of lake 

whitefish, northern pike, and walleye from the AEA offsetting lakes in 

2005–2006 

Species Waterbody Year  Length (mm) n1  Weight (g) n  Age (years) n 

Lake Caldwell 2005  365.3 ± 18.9 25  912.0 ± 128.4 25  8.0 ± 1.0 25 

whitefish Christie 2005  351.4 ± 16.2 23  667.4 ±  83.6 23  7.6 ± 0.8 23 

 Kiask 2005  321.4 ± 19.3 32  726.0 ±  82.7 25  9.4 ± 0.8 32 

 Limestone 2005  390.0 ± 10.4 25  840.0 ±  78.1 25  13.5 ± 1.2 25 

 Thomas 2005  330.4 ± 22.6 27  716.7 ± 129.0 27  7.1 ± 0.9 26 

 Waskaiowaka 2005  374.0 ± 8.5 23  828.3 ±  58.3 23  6.9 ± 0.5 23 

 Cyril 2006  384.1 ± 15.9 51  1212.7 ± 117.5 51  6.9 ± 0.6 50 

Northern  Moose Nose 2004  645.8 ± 22.4 39  2221.8 ± 260.3 39  7.0 ± 0.3 39 

pike Christie 2005  602.2 ± 22.7 31  1838.7 ± 258.3 31  7.5 ± 0.5 31 

 Kiask 2005  630.9 ± 29.6 19  2092.1 ± 357.5 19  8.2 ± 0.9 19 

 Thomas 2005  636.4 ± 30.5 27  2200.0 ± 317.7 27  8.2 ± 0.7 27 

 Waskaiowaka 2005  596.7 ± 14.5 14  1425.0 ± 114.3 14  6.6 ± 0.5 14 

 Atkinson 2006  527.4 ± 18.2 61  1254.1 ± 114.9 61  5.6 ± 0.4 60 

 Cyril 2006  519.3 ± 26.1 53  1509.8 ± 278.0 53  5.9 ± 0.6 53 

 War 2006  526.6 ± 18.5 50  1261.8 ± 188.1 50  5.8± 0.4 50 

Walleye Caldwell 2005  414.4 ± 25.2 25  1019.0 ± 144.4 25  9.5 ± 0.9 25 

 Christie 2005  402.0 ± 17.7 25  746.0 ±  90.9 25  10.0 ± 0.8 25 

 Pelletier 2005  418.2 ± 11.7 35  776.1 ±  67.3 35  11.3 ± 0.5 32 

 Recluse 2005  455.3 ± 11.1 26  1097.1 ±  89.7 26  10.7 ± 0.6 26 

 Thomas 2005  419.3 ± 21.4 24  1021.9 ± 140.9 24  8.3 ± 0.9 23 

 Waskaiowaka 2005  456.5 ± 12.4 28  1101.8 ±  86.5 28  12.8 ± 0.6 27 

 Atkinson 2006  406.7 ± 14.0 38  858.9 ± 63.1 38  9.0 ± 0.5 37 

 War 2006  458.8 ± 11.0 45  1180.0 ± 69.4 44  8.2 ± 0.4 45 

1. Number of fish measured. 
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Table 7L-1: Percentage of lake whitefish, northern pike, and walleye from the AEA 

offsetting lakes with mercury concentrations of ≥0.2 ppm or ≥0.5 ppm, 

2004–2006  

Species Lake Year n1 ≥0.2 ppm % ≥0.5 ppm % Max2 (ppm) 

Lake Caldwell 2005 25 0 0.0 0 0.0 0.140 

whitefish Christie 2005 23 0 0.0 0 0.0 0.099 

 Kiask 2005 32 1 4.0 0 0.0 0.224 

 Limestone 2005 25 4 16.0 0 0.0 0.345 

 Thomas 2005 27 0 0.0 0 0.0 0.132 

 Waskaiowaka 2005 23 0 0.0 0 0.0 0.098 

 Cyril 2006 51 0 0.0 0 0.0 0.152 

Northern  Christie 2005 31 20 64.5 4 12.9 0.905 

pike Kiask 2005 19 13 68.4 3 15.8 0.748 

 Thomas 2005 27 5 18.5 4 14.8 0.748 

 Waskaiowaka 2005 14 11 78.6 0 0.0 0.359 

 Atkinson 2006 61 15 24.6 1 1.6 0.555 

 Cyril 2006 53 10 18.9 2 5.7 0.691 

 Moose Nose 2004 39 10 25.6 0 0.0 0.334 

 War 2006 50 11 22.0 2 4.0 0.542 

Walleye Caldwell 2005 25 16 64.0 5 20.0 0.875 

 Christie 2005 25 15 60.0 6 24.0 1.138 

 Pelletier 2005 35 32 91.4 16 45.7 0.855 

 Recluse 2005 26 22 84.6 7 26.9 0.711 

 Thomas 2005 24 7 29.2 0 0.0 0.477 

 Waskaiowaka 2005 28 25 89.3 6 21.4 0.610 

 Atkinson 2006 61 6 15.8 0 0.0 0.405 

 War 2006 44 2 4.5 0 0.0 0.211 

1. Number of fish measured. 
2. Maximum mercury concentration. 
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7M.1 FISH COLLECTION 

Fish were collected for trace element analysis from one or two sites at each waterbody) over three- to 

seven-day periods. Gill nets were set at two sites in Split Lake and the Nelson River between 5 and 

10 October 2004 and at one site in Stephens Lake between 11 and 13 October 2004 (Map 7M-1). Gillnet 

gangs consisted of three 22.9 m (25 yards) long, 2.5 m (2.7 yards) deep panels of 76, 95, 108, and 127 mm 

(3, 3.75, 4.25, and 5 ") twisted nylon stretched mesh. Gill nets were checked approximately every 24 h.  

7M.2 FISH PROCESSING 

Fish captured were enumerated by species, weighed (± 25 g), measured for fork length (± 1 mm), and 

classified for sex and maturity. Only fish with red gills (i.e., alive or recently dead) were processed for 

analysis of trace elements. A sample of skeletal muscle was collected just posterior to the dorsal fin from 

each fish, immediately frozen, and shipped to Maxxam Analytics Inc. (Winnipeg, MB). Ageing structures, 

including the dorsal spine, otolith, and fin rays/cleithrum from walleye, whitefish, and pike, respectively, 

were then collected from each fish.  

7M.3 LABORATORY ANALYSIS 

Samples were digested with nitric acid and hydrogen peroxide and analysed for trace elements (except 

mercury) by Inductively Coupled Plasma Mass Spectroscopy. Total mercury was analyzed by Cold 

Vapour Atomic Absorption Spectrometry following nitric and sulphuric acid digestion. All 

concentrations were expressed on a wet weight (w.w.) basis. Laboratory analysis incorporated standard 

QA/QC methods, including analysis of spiked samples, blanks, and certified reference materials. 

Laboratory analytical detection limits are presented in Table 7-4 of the main text. 

Dried ageing structures were prepared and analyzed using a variety of methods (Mackay et al. 1990). Fin 

rays or spines were coated in epoxy and sectioned with a Struers microtome saw. Sections were fixed on 

glass slides with Cytoseal 280 and fish ages were determined by examining the slides under a Wild M3 

dissecting microscope. Otoliths were lightly polished with fine sandpaper, immersed in synthetic 

wintergreen oil, and viewed with a dissecting microscope. Cleithra were cleaned and examined under 

reflected light to determine ages.  

7M.4 DATA ANALYSIS 

Mean element concentrations were calculated according to species and waterbody. Values reported as less 

than the analytical detection limit were assigned one-half the detection limit for the purposes of deriving 

summary statistics. Concentrations were tabulated as means with their standard errors (±SE). The 

average (±SE) length, weight, and ages of fish sampled were also tabulated by species and waterbody. 

Differences in mean tissue element concentrations between species and waterbodies (for regional 

comparisons) were ascertained employing one-way ANOVA. If F-values were significant, differences 

between individual means were confirmed by Holm-Sidak’s pairwise multiple comparison tests. If 

normality of data distribution or equality of variances could not be achieved by data transformation, 
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Kruskal-Wallis one way ANOVA on ranks was performed. In all cases, significance was established at p 

less than or equal to 0.05. Statistical analyses were run using Sigma Stat V. 3.01 (SPSS Inc. 2003) software. 

7M.5 REFERENCES 

7M.5.1 LITERATURE CITED 

Mackay, W. C., Ash, G. R., and Norris, H. J. 1990. Fish Ageing Methods for Alberta. R.L. & 

L. Environmental Services Ltd., Edmonton, AB. 113 pp. 

SPSS Inc. 2003. SigmaStat 3.01. SPSS Inc., Chicago, IL. 
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7N.1 WHITEFISH INSPECTION PROTOCOL 

7N.1.1 SCOPE 

This protocol defines the policy and procedures for Packers in the Western and Ontario Areas of the 

Canadian Food Inspection Agency to export lake whitefish to the USA. Whitefish from waters identified 

in the list of “Lakes with Whitefish Acceptable for Exports to the USA” can be exported by any 

fisherman, packer, or registered plant without further restrictions. This protocol is available to all 

fishermen packers or boxers of fresh, whole whitefish. 

7N.1.2 AUTHORITIES 

7N.1.2.1 Fish Inspection Regulations 

3(1) Subject to subsection (2), these Regulations apply only in respect of fish and containers intended for 

export and import. 

(2) These regulations do not apply to fish that is imported or exported for personal consumption or use. 

4. All fish are subject to inspection and an inspector may take samples free of charge for the purpose of 

inspection 

7N.1.2.2 U.S. Food and Drug Administration Tolerances for 

naturally occurring defects 

Imported fish shall not contain parasites in excess of 50 cysts per 100 pounds. 

7N.1.3 POLICY 

3.1 Whitefish from lakes not considered “Export” must either originate from a facility listed as 

“Approved Whitefish Exporter” or must be accompanied by a Certificate of Inspection form the 

Canadian Food Inspection Agency prior to export of shipment 

3.2 Packers that meet the conditions of this protocol will be listed as “Approved Whitefish 

Exporters”. Their inspections for the cestode Triaenophorus crassus are sufficient to ensure 

compliance to standards enforced by the USFDA. 

3.3 Packers not on the list will be required to obtain a Certificate of Inspection from the Inspection 

Branch for each shipment of whitefish from lakes that are not listed as Export. 
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7N.1.4 REQUIREMENTS 

4.1 All whitefish must be inspected for acceptable quality and all whitefish not from lakes approved 

 for export to the USA must be inspected for infestation. The Packers must maintain a record of 

 all whitefish inspected and all whitefish exported in an acceptable manner. Those records must 

 identify the following: 

 The name of the lake or origin. 

 The name of the consignee. 

 The date of the shipment. 

 The number of fish inspected, the rate of infestation, and the quality. 

4.2 Vessels, tubs, transport vehicles and packing/handling/or holding facilities must be maintained 

 in good condition and meet the requirements of the Fish Inspection Regulations. 

4.3 The fish must be packed in sufficient, clean ice. 

4.4 The fish must be properly graded and culled and not tainted, decomposed or unwholesome. 

4.5 The containers must be properly labelled to identify the net contents, species, lake of origin and 

 packer. 

7N.1.5 MONITORING 

5.1 Compliance to the requirements of Section 3 will be routinely monitored by the Fish Inspection 

Branch of the Canadian Food Inspection Agency. If effective corrective action with problems 

identified as a result of an inspection is not implemented within 48 h, it will result in the removal 

of the Packer form the list of Approved Whitefish Exporters. 

7N.1.6 FORMS AND SAMPLING PROCEDURE 

The following forms and sampling schedule can be utilized by the packer to implement this Protocol but 

they are not mandatory: 

 Sampling Schedule. 

 Record of lots exported to the USA. 

 Whitefish Inspection Reports. 

 Facility Inspection Reports and Daily Sanitation Records. 
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7N.2 WHITEFISH INSPECTION PROCEDURES 

AND SAMPLING SCHEDULE 

7N.2.1 PROCEDURE 

1. Estimate the total number of whitefish in the lot to be inspected.  

2. Record the total weight of the fish in sample to the closest tenths of a pound. 

3. Fillet the whitefish. Make thin slices (no thicker than ¼ ") at right angles to the length of each fillet. 

4. Count the total number of cysts of Triaenophorus crassus in the fillets and calculate the RI according to 

the following formula: 

RI = (number of cysts/pound of fish samples) × 100 

The RI must be less than 50 cysts per 100 pounds if the lot is to be exported to the USA. 
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7O.1 FISH PREPARATION AND TASTE TEST 

The fish species sampled for the palatability studies included lake whitefish, walleye, and northern pike of 

similar size (whitefish: 1,400–2,000 g; pike: 2,700–3,000 g; walleye: 700–1,000 g) that were collected with 

gill nets set three to five weeks prior to taste-testing. Fillets (northern pike and walleye) or scaled and 

eviscerated whole fish (whitefish) were prepared on-site and stored frozen until taste sample preparation. 

The samples consisted of small (less than 10 g) pieces of fried (pike and walleye) or boiled and deboned 

flesh (whitefish) that were presented to panellists three to four at a time, with each piece representing a 

coded sample from each lake. Fish species were evaluated on separate days. Between 23 and 48 panellists, 

stratified by age (16–35, 36–55, greater than55 years) and consumption habit (eat fish every day, three to 

four times per week, one to two times per week, three times per month) tasted fish at each community. 

Panellists expressed their acceptability of the fish based on a seven-point category scale from “like very 

much” (7) to “dislike very much” (1) (for a full list of categories see Ryland and Watts 2002a; 2004a, b). 

7O.2 DATA ANALYSIS 

Analysis of variance followed by, if applicable, Duncan’s test for means comparisons was conducted on 

the numerical categories of fish acceptability using PROC GLM (SAS, PC Version 8.2) to determine if 

there were significant differences among the acceptability of fish of the same species from different 

locations or among panellist age categories. The significance level of the palatability studies at Bird was 

set at p=0.10 and at p=0.05 for York Landing and Split Lake. 

7O.3 REFERENCES 

7O.3.1 LITERATURE CITED 

Ryland, D., and Watts, B. 2002a. Fish taste studies for Nisichawayasihk Cree Nation. Report 

# 03-05. A report prepared for Manitoba Hydro by the Department of Human 

Nutritional Sciences, University of Manitoba, Winnipeg, MB. 30 pp.  

Ryland, D., and Watts, B. 2004a. Fish taste studies for Tataskweyak Cree Nation. A report 

prepared for Manitoba Hydro by the Department of Human Nutritional Sciences, 

University of Manitoba, Winnipeg, MB. 39 pp. 

Ryland, D., and Watts, B. 2004b. Fish taste studies for Fox Lake Cree Nation. A report 

prepared for Manitoba Hydro by the Department of Human Nutritional Sciences, 

University of Manitoba, Winnipeg, MB. 37 pp. 

SAS. 1999. SAS for Windows, V.8.2. SAS Institute Inc. Carry, NC. 
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8.0 SENSITIVITY OF EFFECTS ASSESSMENT 

TO CLIMATE CHANGE 

8.1 INTRODUCTION 

The preceding sections of the Aquatic Environment Supporting Volume (AE SV) have described the 

effects of the Keeyask Generation Project on the various components of the aquatic environment. This 

section will evaluate the sensitivity of these assessments to climate change. 

8.2 APPROACH AND METHODS 

The probable scenarios of climate change are described for future 30-year average periods until the 2080s 

(2070–2099) in the Physical Environment Supporting Volume (PE SV; Section 11). The conclusions of 

the Project’s residual effects on the physical environment indicate that the assessment is not sensitive to 

climate change. The robustness of the conclusions is largely due to two factors. First, the water regime 

within the open water hydraulic zone of influence and the reservoir operating range are not substantially 

changed when considering climate changes and resulting potential effects to river flows. Second, the 

largest effects of the Project on the physical environment occur early in the operating period when the 

effects of climate changes are still relatively small. 

The aquatic environment assessment and the conclusions on residual effects were reviewed to determine 

if these would change as a result of climate change based on the results provided in the PE SV. For all 

aquatic environment components, the review of sensitivity to climate change focused on the operations 

phase of the Project as the construction period will take place in the near term (less than 10 years). 

Although climate change is an ongoing phenomenon, its effects are expected to increase over time and 

will be most noticeable in the longer term. Studies conducted as part of the EIS suggested that the 

changes arising from physical processes in the reservoir will have largely stabilized prior to Year 30 (i.e., a 

model for the long-term condition of the reservoir). 

The probability scenario of climate change for 2020, 2050, and 2080 predicts:  

 Increasing air temperatures, predominantly in winter;  

 Increasing precipitation, predominantly in winter and spring; and  

 Increasing annual evapotranspiration (PE SV Section 2). 

8.3 WATER QUALITY  

The primary pathways by which water quality is affected by Project operation is through alterations to 

water levels and flows, flooding of terrestrial areas, and changes to sediment transport and deposition. 

The long-term (greater than 30-year) residual effect of the Project on water quality is predicted to be a 

decrease in mineral total suspended solids (TSS) in the reservoir and the southwestern portions of 
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Stephens Lake, particularly during high flow scenarios. There may be some episodic increases in TSS in 

nearshore areas of the reservoir during high wind events. Given that predicted changes to sedimentation, 

as described in Section 11.5 of the PE SV, are not expected to be altered by climate change, conclusions 

related to effects on TSS are expected to be similarly unaffected. There may be an increase in the 

frequency of short-term increases in TSS in nearshore areas if climate change results in more frequent 

high wind events. 

The duration of predicted increases in nutrient and metal concentrations in nearshore areas of the 

reservoir will persist for approximately 10–15 years and would be greatest during the initial years post-

impoundment. Because the largest effects occur in the first few years of operation and are lower in later 

years, climate change is not expected to substantively change the residual effects assessment. 

In Section 11.7 of the PE SV, the sensitivity of the effects assessment for dissolved oxygen (DO) and 

water temperature to climate change were assessed. Water temperature will increase as a result of climate 

change, which could cause low DO conditions to occur more frequently over a larger area. However, the 

duration of low DO conditions in winter would decrease with the shorter period of ice cover. Overall, 

the likely effects of climate change were not expected to materially affect the conclusions regarding 

Project effects for either component.  

An additional consideration is that climate change will cause general changes to water quality, but the 

nature of these changes cannot be definitively predicted. For example, water quality is closely related to 

conditions in upstream watersheds and varies at present depending on the relative contribution of the 

Burntwood/Churchill versus the Nelson River systems. Hydrological conditions, and, thus, water 

chemistry of these watersheds could be negatively affected by climate change. Effects could arise due to 

an increased frequency of forest fires or the seasonal dry-up of creeks (Schindler 1998) and because 

boreal wetlands and forests are generally the most vulnerable to climate warming among terrestrial 

ecosystems Woodwell et al. (1995). Altering the relative contribution of watersheds to the flow of the 

Nelson River, in particular as areas become wetter or drier, would also affect water quality in the Project 

area.  

In conclusion, although water quality in the future may be affected by climate change, the residual effects 

of the Project are not expected to change because (i) most effects will occur in the first years of the 

Project operation and diminish over time; and (ii) the long term decline in TSS is related to changes in the 

velocity on the mainstem, which is controlled by the impoundment and not affected by climate change.  

8.4 AQUATIC HABITAT/LOWER TROPHIC LEVELS 

The primary pathways by which aquatic habitat, and subsequently lower trophic levels, are affected by the 

Project is through changes to the surface water regime, sediment deposition, and water quality and the 

presence of the generating station (GS) itself. 

As described in Section 11 of the PE SV, increases in temperatures and precipitation under climate 

change scenarios could result in higher runoff and stream flows in the study area. However, the reservoir 

operating range of 158–159 m will remain unchanged regardless of the Nelson River flows. The effects to 

aquatic habitat resulting from mineral bank erosion and peatland disintegration will be highest in the first 
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five years of operation, after which they will stabilize at relatively lower rates. Increases in shoreline 

peatland disintegration due to climate change would correspondingly increase the footprint of the Project 

(PE SV Section 11). Because the effects of climate change will be smaller in the first few years of 

operation and greater in the future, combined with the fact that the operating range of the reservoir will 

not change, the conclusions regarding the residual effects to aquatic habitat are not substantially affected 

by climate change.  

In general, a trend to a longer ice-free period and warmer waters will result in an increase in productivity 

in the ecosystem. Lower trophic level biomass is expected to increase with rising average water 

temperatures. An increase in the number of invasive species and the complexity of community 

interactions may also occur (Magnuson et al. 1997; Schindler 1997).  

The majority of aquatic vascular plant beds, and associated plant-dwelling macrophytes, will be lost in the 

reservoir due to flooding. While new plant beds will re-establish in the reservoir over 10–15 years, the 

total area will be less than in the existing environment. These residual effects may be partially offset by 

the anticipated increase in temperatures and longer ice-free periods resulting in more favourable growing 

conditions for aquatic plants.  

The reservoir could experience periodic phytoplankton blooms and an increase in zooplankton biomass 

due to the effects of the Project. Higher water temperature may cause larger increases in these groups. 

The greatest Project-related effects are expected in the first 5–10 years with the addition of large amounts 

of newly flooded terrestrial organic matter, but climate-related increases in water temperature during this 

time will have little effect on the biota.  

Low DO concentrations in backbay areas of the reservoir are expected to limit macroinvertebrate 

colonization to a few resilient groups (e.g., chironomids). As discussed above, climate change may result 

in DO depletion occurring over a greater area or with a higher frequency. However, oxygen demands due 

to flooding are expected to be highest in the early years of operation and decline over time; whereas, 

climate change effects will be initially small and increase over time. A shorter period of ice cover due to 

climate change would reduce the duration, but not the severity or extent, of low DO conditions in winter. 

Overall, the assessment of the effects of the Project to aquatic habitat and lower trophic levels do not 

change as a result of climate change. 

8.5 FISH COMMUNITY 

Residual effects of the Project over the long-term include an increase in fish production in the reservoir 

and a shift in species composition towards those species adapted to lacustrine conditions (e.g., 

walleye/lake whitefish). 

Increased production of lower trophic level organisms in response to climate change (Section 8.4) has the 

potential to accelerate growth and increase reproduction in fish. An increase in water temperature and 

alterations in the thermal regime of Project area waterbodies would have the potential to extirpate some 

cold-water species and allow range extension of more southerly, native species and the invasion of exotic 

species. Meisner et al. (1987) noted that climate change would allow northern range extensions of 

cyprinids (minnows), esocids (pike/jackfish), centrarchids (sunfish/bass), and ictalurids (catfish) 
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concurrent with shrinking populations of salmonines (salmon/trout/char) and coregonines 

(whitefish/cisco). A northward expansion of native smallmouth bass (Micropterus dolomieu) and an 

increased abundance of exotic common carp (Cyprinus carpio) could profoundly alter species composition 

in the Keeyask study area, as has been predicted for Ontario waters (Minns and Moore 1995). One of the 

VEC species vulnerable to negative effects of climate warming is lake whitefish, though substantial 

warming would be required before the Nelson River mainstem is no longer suitable (Jansen and Hesslein 

2004). Higher system productivity and warmer open water temperatures may also increase the capacity of 

the environment to support greater populations of cool water species such as walleye and lake sturgeon.  

Overall, the assessment of residual effects for fish populations does not change as a result of climate 

change. Monitoring of fish populations in waterbodies away from the direct influence of the Project will 

assist in determining whether any changes observed in the area affected by the Project are as a result of 

regional changes (e.g., climate change) or a result of the Project. 

8.6 FISH MERCURY CONCENTRATIONS 

Increasing mercury concentrations in arctic freshwater fish over the past 25 years have been attributed to 

effects of climate change (Carrie et al. 2010). It is not known if similar increases have happened in 

northern Manitoba, where little long-term data exist for natural lakes.  

Maximum mean mercury concentrations for lake whitefish, northern pike, and walleye from the Keeyask 

reservoir and Stephens Lake are predicted to be reached within three to seven years post-construction of 

the Keeyask GS (i.e., approximately 15 years from now) and the return times of these maximum 

concentrations to pre-Project levels have been estimated at least 30 years post-impoundment. 

Considering these timelines, and for reasons outlined below, it is likely that climate change effects will 

affect the magnitude and duration of elevated fish mercury concentrations. It is also possible that 

mercury levels may be established in the long-term that exceed pre-Project baseline concentrations. 

Prediction of the effects of climate change on fish mercury concentrations and timelines for their decline 

is difficult for several reasons. Both the length of the ice-free period and average summer surface 

temperatures of study area waterbodies are predicted to increase (PE SV Section 11). The higher water 

temperatures may increase bacterial methylmercury production, the transfer efficiency of methylmercury 

between trophic levels, and the rates of fish respiration and feeding, all of which have the potential to 

increase fish mercury concentrations (Bodaly et al. 1993). However, the response of fish mercury 

concentrations to increases in water temperature is likely to be complex and will vary among on-system 

and off-system waterbodies.  

Overall, the assessment of residual effects for fish mercury concentrations is not materially affected as a 

result of climate change. The duration of elevated levels of mercury may be somewhat longer than 

predicted and may stabilize at higher levels than occur at present. 

8.7 SUMMARY/CONCLUSIONS 

A review of the conclusions of the Project’s residual effects on the aquatic environment indicates that the 

assessment is not sensitive to climate change. Given that predicted changes to the physical environment 
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are not expected to be altered by climate change, conclusions related to effects on the aquatic 

environment are expected to be similarly unaffected. While climate change may cause general changes in 

the aquatic environment, the nature of these changes cannot be definitively predicted. Climate change 

could cause minor alterations in predicted effects, but these are expected to be obscured by substantially 

larger changes in the aquatic environment as a direct result of the Project. Overall, the residual effects of 

the Project are not materially changed as a result of predicted changes in future climate conditions. 
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Aesthetics: Water quality guidelines that address parameters (e.g., taste, odour and, colour) which may 

affect consumer acceptance of drinking water. 

Axial: Musculature of the trunk and the tail. 

Bayline: Refers to communities along the Hudson Bay railroad from Thompson to Churchill. 

Bioaccumulation: The accumulation of substances, such as methylmercury, in an organism or part of an 

organism. Bioaccumulation occurs when a substance is absorbed by an organism at a greater rate than it 

is lost. 

Buffer: An ionic compound that resists changes in its pH (e.g., the buffering capacity of a lake or river).  

Carbonaceous biochemical oxygen demand (CBOD): A method-defined test measured by the 

depletion of dissolved oxygen by biological organisms in a body of water in which the contribution from 

nitrogenous bacteria has been suppressed. 

Catch-per-unit-effort (CPUE): The number or weight of fish caught in a given time period with a 

specific equipment. 

Cestode: A tapeworm. 

Chelating: Removing a heavy metal (e.g., lead or mercury) by means of a chelate (a chemical compound 

in the form of a heterocyclic ring, containing a metal ion attached by coordinate bonds to at least two 

nonmetal ions). 

Condition factor (K): A relationship between length and weight (fork length × 105 ÷ weight3) that can 

be used to compare the relative condition of a particular species of fish in different bodies of water and 

within the same body over time. 

DELT: Acronym for the presence of Deformities (physical blemishes or distortions), Erosion (wearing 

away of a structure to reduce the size and effectiveness of that structure), Lesions (abnormal changes in a 

structure due to injury or disease, not including injuries due to predation or fishing), and Tumours 

(abnormal benign or malignant mass of tissue that does not arise from inflammation) in fish. 

Dressed weight: The weight of the carcass of a fish or other animal being prepared for use as meat. 

Dystrophic: Acidic, shallow bodies of water that contain large amounts of humus and/or other organic 

matter; contains many plants but few fish. 

Entrainment: Fish (larval or adult) that are drawn into a current and cannot escape. 

Epaxial: Dorsal (towards the top fin) trunk muscles. 

Epilimnetic: In the water near the surface of a stratified waterbody that normally has high temperatures 

and oxygen concentrations. 

Fetch: Length of water surface exposed to wind during generation of waves. 

Fibric peat (Of): Organic soils consisting predominantly of relatively undecomposed plant material, 

such as sphagnum mosses, with clearly visible plant fragments. 
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Fulvic acid: A type of humic acid of lower molecular weight and higher oxygen content than other 

humic acids. 

Glaciofluvial: Pertaining to streams fed by melting glaciers, or to the deposits and landforms produced 

by such streams. 

Glaciolacustrine: Pertaining to lakes fed by melting glaciers, or to the deposits forming therein. 

Glaciomarine sediments: Materials that are deposited on the sea floor by glacial meltwater. 

Gustatory: Relating to taste. 

Habitat suitability index (HSI): A numerical index ranging from 0 to 1 representing the capacity of a 

given habitat to support a selected species. A value of 1 represents optimal conditions for that species 

while a value of 0 represents unsuitable conditions. HSI models are based on hypothesized species-

habitat relationships rather than statements of proven cause and effect relationships. Such models serve 

as a basis for improved decision-making and increased understanding of species-habitat relationships. 

Heterocercal: A caudal fin in which the body extends into at least the base of the upper lobe. Usually, 

the tail is externally asymmetrical, with the upper lobe longer than the lower lobe (e.g., lake sturgeon). 

Humic peat (Oh): Partly or wholly decomposed vegetable matter; humic gleysol soils have a dark-

coloured (organic enriched) A horizon. 

Hydraulic Zone of Influence (HZI): Reach of river over which water levels and water level 

fluctuations caused by the operation of a particular project are measureable within the accuracy required 

for operation and licence compliance. 

Impingement: The process whereby a fish (larval or adult) comes into contact with an object (e.g., a 

screen) and is unable to free itself. 

Intermittently-exposed zone (IEZ): The zone that is routinely dewatered downstream of a generating 

station (i.e., within the 5th and 95th percentile flows).  

Labile: Unstable, fluctuating. 

Lentic: Pertaining to very slow moving or standing water, as in lakes or ponds. 

Limnocorral: A method for performing in situ experiments in lakes. Typically consists of a large (several 

metres), flexible plastic tube that extends from the surface to the bottom of a body of water, is anchored 

in place and sealed at the bottom to prevent seepage. Isolated samples of water organisms can then be 

taken from within the limnocorral. 

Lotic: Pertaining to moving water. 

Lowest effect level (LEL): The lowest level of a stressor that causes statistically and biologically 

significant differences in test samples as compared to other samples subjected to no stressor. 

Meiofauna: The component of the fauna of a river or lake bed comprising small (but not microscopic) 

animals, such as tiny worms and crustaceans. 
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Mesic peat (Om): Organic soils that are more highly decomposed and contain less fibrous material than 

fibrisols/fibric peat. 

Methylation: The addition of a methyl group to a metal or organic compound (e.g., conversion of 

inorganic mercury to methylmercury); in the natural environment, this occurs most often by microbial 

action. 

Nephelometric: Of or pertaining to nephelometry – the measurement of the concentration of a 

solution, suspension or dispersion based upon its light-scattering properties. 

Off-system: Waterbody or waterway outside of the Nelson River hydraulic zone of influence. 

Peatland disintegration: Processes related to flooded peat resurfacing; breakdown of non-flooded and 

resurfaced peatlands and peat mats; and peat formation on peatlands and peat mats and have hydrological 

connections to a regulated area. 

Physiographic: Pertaining to physical features of the surface of the Earth.  

Plerocercoid: The infective, immature life cycle stage of some tapeworms. 

Probable effect level (PEL): A chemical concentration (i.e. dose) in some item that is ingested by an 

organism, which is likely to cause an adverse effect. The ingested item is usually food, but can be soil, 

sediment, or surface water that is incidentally (accidentally) ingested. 

Project: Keeyask Generation Project. 

Proxy: A measured variable used to infer the value of a variable of interest. 

Recalcitrant: Resistant. 

Recruitment: The number of new juvenile fish reaching a size/age where they represent a viable target 

for the commercial, subsistence or sport fishery for a given species. 

Residence time(s): The time required for a ‘parcel’ of water to flow through a lake. It generally 

describes the relationship between the size (or volume) of a lake and the streams or rivers that flow into 

it. 

Sediment oxygen demand (SOD): The dissolved oxygen demand from the sediments or substrate of 

lakes and rivers. 

Senescence: The organic process of growing older and showing the effects of increasing age. 

Severe effect level (SEL): The concentration or amount of a substance found by experiment or 

observation that causes severe adverse alteration of morphology, function, capacity, growth, 

development, or life span of a target organism distinguished from normal organisms of the same species 

under defined conditions of exposure. 

Staging: The tendency of migratory organisms to stop temporarily (stage) at a site during migration; 

staging areas are stop-over sites where, for example, fish will rest and occasionally forage in preparation 

for imminent spawning.  
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Study Area: The geographic limits within which effects on a VEC (valued environmental component) or 

key topic is assessed.  

Sub-adult: For purposes of the EIS, a fish that is older than one year but has not reached sexual 

maturity. Lake sturgeon sub-adults measured between 200 and 833 mm long (fork length) based on 

sexual maturity data collected during the spawning season from a well-studied lake sturgeon population 

on the lower Nelson River. 

Thalweg: The deepest part of the channel of a river or stream.   

Valued environmental component (VEC): Any part of the environment that is considered important 

by the proponent, public, scientists or government involved in the assessment process. Importance may 

be determined based on cultural values or scientific concern. 

Weighted usable area (WUA): The product of an area of habitat multiplied by its habitat suitability 

index. Weighted usable area combines elements of habitat quantity and habitat quality. A large area of 

low-quality habitat can produce the same weighted usable area as a small amount of high-quality habitat. 

Different estimates of weighted usable area can be obtained depending on the ranges of suitability index 

values uses to define varying levels of suitability (i.e., unsuitable, low suitability, moderate suitability, high 

suitability, etc.). 
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