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7.0 SEDIMENTATION

7.1 INTRODUCTION

This section describes the sedimentation processes and how the baseline environment will change with
the proposed Keeyask Generation Project (“the Project”). Constructing the Keeyask Generating
Station (GS) will increase the water level upstream of Gull Rapids thereby flooding land and changing
river hydraulics. Changes to the water regime and shoreline erosion may lead to changes in
sedimentation processes, including the transport and deposition of mineral sediment and peat material.
The extent of those changes would depend upon the scale of alteration of water regime and other
physical environment indicators that may result from the development of a hydropower-generating
scheme. Based on the effects of the Project on the Water Regime (Section 4.0) and Shoreline Erosion
Processes (Section 5.0 — Volume and Mass of Organic and Mineral Soil), this section summarizes an
assessment of the effects of the Project on sedimentation processes in the Keeyask hydraulic zone of

influence and further downstream to Kettle GS.

The objectives of this section are to estimate the effects of the Project during the construction and

operating phases (Section 7.4). More specifically this section discusses:

e Characterization of historical and current sedimentation processes (bed material transport,

suspended sediment transport, deposition).

e Prediction of future sedimentation processes, mineral and organic suspended solids concentrations
(nearshore and offshore), sediment transport (mineral and organic) and deposition rates, thickness,

and volumes for:

o Construction Period.

o Future Conditions/Trends.

o Future Environment with the Keeyask GS.

Changes in the sedimentation environment have the potential to impact water quality and fish habitat
(documented in the Aquatic Environment Supporting Volume (AE SV)), within the hydraulic zone of
influence of the Project. It is, therefore, important that the sedimentation processes be studied
sufficiently duting the planning phase of the Project, so that possible Project effects can be assessed and

appropriate mitigation measures can be adopted if required.

As presented in this section, studies (as described in Section 7.2 - Approach and Appendix 7A - Model
Description) were undertaken to gain an understanding of the sedimentation (mineral and peat) regimes
in the existing condition (Appendix 7B) in the study area (Section 7.2.2), as well as for the future
conditions and for the Post-project environment. Studies were also catried out to assess potential
shoreline erosion, material loss from cofferdam construction and potential changes to the sedimentation

environment within Stephens Lake during the construction period.
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7.1.1 Overview of Sedimentation Processes

Sedimentation is a combination of processes, which includes erosion, entrainment, transportation,
deposition and compaction of sediment (American Society of Civil Engineers 1975 and Garcia 2008).
The Shoreline Erosion Processes (Section 6) predicts that the Keeyask reservoir will expand over time as
both mineral and peat shorelines erode. The eroded material will enter the waterway where it will
contribute into the sedimentation processes. Since the physical properties of mineral sediments are
different from the physical properties of peat sediments they are treated separately in this assessment.

This sub-section describes and differentiates mineral sedimentation and peat sedimentation processes.

7.1.1.1 Mineral Sedimentation

Bed material transport processes of mineral sediment particles start with shear stress being applied to
static sediment particles on the channel bed. Bed material load is the transport of sediment from the
riverbed. As the applied shear stress increases and exceeds the critical shear stress, movement of
particles is initiated. At this stage, particles usually roll over the bed and are described as “bedload”,
which is the measure of moving particles over the bed. Functionally, this usually means that this material
transport is measured within about 5 cm to 10 cm of the riverbed’s surface (depending on the bedload
sampler). Bedload occurs by sliding, rolling, or saltation (z.¢., hopping). Some neat-bed suspended load is
also included and measured as bedload. As the shear stress increases, the particles become entrained in
the flow by turbulent mixing processes and are transported as suspended load. As the applied shear stress
weakens, the particle deposition process may commence, depending upon the settling velocity of the
particles. A conceptual diagram of these major sediment transport processes are illustrated in

Figure 7.1-1.

7.1.1.2 Peat Sedimentation

Transport processes of organic (.¢., peat) material are different from those of mineral sediment particles.
Displacement and deposition of floating mobile organic material can occur in the form of peat islands,
mats, chunks, fibres and particles (Section 6.0 — Shoreline Erosion). The size of this material vaties from
small to large forms and may be distributed in thin mats along the surface, or have a thickness over a
metre. Studies by Ouzilleau (1977) suggested that peat island development is difficult to predict due to
the complexities in the variables that form, erode, and move peat islands. According to these studies,
denser peat islands tend to persist longer and maintain morphology allowing them to move over longer
distances. Different environmental conditions affect peat displacement, and the process of peat transport
is very complex. Wind, flow and location tend to be the main driving factors in peat island displacement
within reservoirs (Maloney and Bouchard 2005). In areas of open water with long fetch distances
(Foramec 2000), wind tends to dominate peat island displacement. The location of transported peat
islands is related to prevailing wind direction. The grounding of peat islands between shallow islands and

sheltered bays may minimize continued displacement and provide conditions for long-term deposition.

Small particles of peat are classified as organic suspended solids. These particles have a lower density than
mineral sediment and are heterogeneous, and some particles could be denser than water while some

could be less dense than water. It is therefore difficult to predict how much will sink, float or stay in
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suspension. The wind, flow and where the particles originate are the main factors influencing the fate of
these particles. Over long periods of time these particles may settle or breakdown due to bio-chemical

processes and become dissolved organics.
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Figure 7.1-1: A Conceptual Diagram of Major Sediment Transport Processes

7.2 APPROACH AND METHODOLOGY

7.2.1 Overview

Development of the Project will involve alterations to the physical environment, and this includes
sedimentation. Changes to, and in sedimentation in the study area will occur in different stages. The
present study assesses the sedimentation environment in a comprehensive manner. It does so by
addressing both mineral and organic sedimentation as well as peat material transport within the study area
under varying stages of development. These stages include the existing environment, the construction
and operating periods of the Project. This section discusses the existing sedimentation environment and
the potential Project impact separately for upstream and downstream reaches of the Project. The future
sedimentation conditions/trends, (environment without the proposed Project) also receives appropriate

attention in the present study.

The transport processes of mineral sediment and peat material are very different and their interaction is
complex. No literature could be found that addresses the composite processes of mineral and peat
transport. Therefore, this study addresses the transport mechanisms of these two sediment types
separately.

Development of the study approach was conducted in close consultation with water regime, shore
erosion, and aquatic assessment study teams. The specific technical approach varied depending upon the
type of material being considered and the scenario under study. A detailed description of the models
used in these analyses is provided in Appendix 7A.
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Sedimentation is characterized and assessed for three conditions:
e DPast conditions and existing environment.

e Construction period.

e Future conditions/trends.

e Future environment with the Project.

Quantitative sedimentation predictions for the future environment with the Project are provided for time

intervals following projected impoundment for Year 1, Year 5, Year 15, and Year 30.

7.21.1 Sedimentation During Construction Period

Construction activities during river management (i.e., cofferdam construction) will introduce additional
sediment into the Nelson River near Gull Rapids due to: i) shoreline erosion as upstream water levels
increase, and ii) changes in flow patterns due to placement of material within the river-channel. There is a
potential that some of the additional sediment will flow downstream, which may affect the sedimentation
environment in Stephens Lake. A preliminary sediment management plan (KGS ACRES 2009) has been
developed to assess and address impacts to the sediment environment during the construction of the
Project. Computer based modelling was used to quantify the effects of sediment due to construction
activities.

Hydraulic and sedimentation modelling of the existing Project environment as well as for the different
construction stages of the Project was carried out using the US Army Corps of Engineers (USACE)
model HEC-RAS Version 4.0 (US Army Corps of Engineers 2008). The model developed for assessing
the impacts from the construction activities during river management predicted shoreline erosion and
subsequent sedimentation by first calculating the change in river hydraulics resulting from cofferdam
construction. These hydraulic changes were applied to the riverbed and bank materials, which had been
incorporated into the model, and changes in shoreline erosion were calculated. The model estimated the
total volume of sediment that would result from shoreline erosion during construction. The estimated
total volume was then broken down into suspended sediment concentration and bed load. A detailed
description of the hydraulic and sedimentation model components can be found in Appendix 7A.

In addition, to estimate the potential changes to suspended sediment concentrations due to cofferdam
construction activities at the Project site, the model results were assessed at monitoring location K-Tu-
02, located approximately 1 km downstream of Gull Rapids (Map 7.2-1). Construction activities include
in-stream work where material is placed in the river to construct the cofferdams as well as the removal of

cofferdam.

The one-dimensional HEC-6 numerical model (US Army Corps of Engineers 1993) was applied to assess
potential changes in the sedimentation environment in Stephens Lake. The model was formulated based
on available water regime information and field data including velocity and depth data, as well as
sedimentation data. Predictions of suspended sediment concentrations and sediment deposition in
Stephens Lake wete catried out by using the numerical model for flow conditions of 4,855 m?/s

(95t percentile flow) and 6,358 m3/s (1:20 Year flood flow). This prediction model utilized the predicted
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suspended sediment concentrations at K-Tu-02 estimated for shore erosion and cofferdam material loss

as discussed above.

7.2.1.2 Mineral Sedimentation During Operating Period

The processes of mineral sedimentation are generally well understood and allow for the use of industry
standard numerical modelling tools that can be calibrated using sediment data collected over several
years. The Project effects can be determined by comparing the conditions/trends, Ze., the environment
without the Project (based on an understanding of the existing environment) to a prediction of future
environment with the Project. The information on the existing environment was gathered by collecting
sedimentation-related data in the field, by reviewing relevant past field data and reports, and by
conducting numerical simulations of the hydraulic and sedimentation environment (mineral) under

variable flow conditions.

The sedimentation environment in the future conditions was assessed qualitatively by understanding the
existing environment and the possible changes in the driving factors — river morphology, shoreline

erosion and water regime.

Prediction of the post-impoundment mineral sedimentation environment upstream of the Project was
carried out by using numerical modelling techniques. Depth-averaged mineral suspended sediment
concentrations were estimated for average (50 percentile) flow for prediction periods of 1 year, 5 years,
15 years and 30 years after impoundment. Sediment concentrations were also predicted for low

(5% percentile) and high (95% percentile) flow conditions for periods of 1 year and 5 years after
impoundment. While outside the zone of hydraulic influence, a qualitative assessment was carried out for

the sedimentation environment in Stephens Lake.

The predicted volumes of eroded shore mineral material under both base loaded and peaking modes of
operation for the Project, as presented in Shoreline Erosion — Section 6.0, were utilized in estimating the

post-impoundment depth-averaged suspended sediment concentrations.

In addition to the offshore modelling discussed above, a conceptual model was also developed using
MIKE?21 to study the transport of mineral sediment in the nearshore areas. This small-scale localized
model was developed using a representative post-impoundment nearshore bathymetry profile in the
Keeyask Project area. This nearshore analysis was done to gain an understanding of nearshore

sedimentation.

Levels of mineral suspended sediment concentration, bed material load and total sediment load
recorded in the study area was compared with those of other major river systems in order to understand
the sedimentation environment within the study area. There are various levels of concentrations that can
be observed in different river systems. For example, according to the information provided in the official
websites of City of Winnipeg and Water Survey Canada, the Red River and the Assiniboine River carry
high concentrations of suspended sediment. Average concentrations measured from these two rivers are
greater than 200 mg/L. Much higher concentrations (in the order of hundreds and thousands of mg/L)
are observed in major rivers, such as the Brahmaputra in Bangladesh, the Yangtze in China, and the

Szamos in Hungary. Low concentrations (approximately 5 mg/L to 30 mg/L) are obsetved in the
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Burntwood and lower Nelson River systems in northern Manitoba (Acres 2004; Acres 2007b; KGS Acres
2008b; and KGS Acres 2008c).

Bed material transport rate also varies from one river basin to another. For example, a study

(Sasal ¢t al., 2009) of 17 northern rivers in Canada and Alaska shows that the average transport rate in
these rivers is 277 gm/m/sec. This data includes all available samples, not just bankfull events. Only
21% of the obsetved transport rates on these rivers are less than 10 gm/m/sec. A study on the Fraser
River (Rennie and Villard 2004) shows that the gravel bed Agassiz reach of the river transports bed
material load in the order of 100 gm/m/sec.

As discussed above, levels of suspended sediment concentrations and bed material load can vary
significantly from one river basin to another, which means that the total sediment load also can vary
noticeably. Based on information compiled by Meade and Parker in 1984, US Geological Survey (2008)
reports that the average annual sediment discharges in major rivers in the United States of America,
including Mississippi and Yukon Rivers, are greater than 10 million tonnes per year. In addition, several
major rivers outside North America, ¢.g., Volga in Russia (Korotaev ¢7 al, 2004), Danube in Romania
(Sinha and Friend 1994), and Indus River Basin in Pakistan (Ali ef a/,, 2004) carry significantly larger
sediment discharges. In comparison St. Lawrence River (Meade and Parker 1985) carries low sediment
load (average annual sediment discharge of 1.5 million tonnes per year) as the Great Lakes act as the

natural sediment trap.

7.2.1.3 Organic Sedimentation During Operating Period

There are no widely used standard numerical models that can be used to predict transport of peat mats or
organic suspended solids in reservoirs or rivers. For the purposes of this analysis, specific methods were

developed to approximate these processes and are described in Appendix 7A — Model Descriptions.

The characteristics of the existing environment and the future conditions/trends are based on water
quality monitoring and general observation of the study area, as well as an understanding of the evolving

Shoreline Erosion Processes (Section 6.0).

The determination of Project effects, in terms of the transport and deposition of peat material, the
amount, volume and type of organic material generated in the flooded area was obtained from the studies
on Shoreline Erosion Processes (Section 6.0). The transport and the general locations of expected
deposition were approximated for post-impoundment conditions using numerical modelling and GIS
analytical tools. These tools were developed for this study using data on wind and Post-project flow

conditions identified in the Surface Water and Ice Regimes Section (Section 4.0).

A simplified spreadsheet analysis was performed to estimate organic suspended sediment concentrations
for the future with the Project. The information for peatland disintegration presented in Shoreline
Erosion Processes (Section 6) was used in this analysis. Settling tests were performed for five
representative samples of the peat material expected to cause organic suspended solids. The resulting
settling-rate distributions were used to predict the range of potential peak organic suspended solids

concentrations in the reservoit.
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Qualitative assessments were made for the Post-project peat transport and organic sediment

concentration environment downstream of the Project.

7.2.2 Study Area

As shown in Map 7.2-2, the study area extends from Clark Lake to Stephens Lake upstream of Kettle GS
and includes reaches beyond the Project’s zone of hydraulic influence. This is consistent with the section
on erosion processes in that this analysis of sedimentation anticipates the associated indirect effects on
the zone’s adjacent peatlands and mineral soils. The study area was sub-divided into upstream and
downstream zones to reflect major differences in Project impacts and Post-project water and ice

regimes.

The coverage area for the application of the peat transport model extends from Birthday Rapids to the
proposed Keeyask GS location, where the flooding of peatlands is expected to occur. This is based on
tindings from the peatland disintegration studies (Section 6.0), in which mobile peat input is insignificant
upstream of Birthday Rapids. Thirteen peat transport zones were originally identified, based on sub-
dividing the Post-project reservoir into components consisting of bays and riverine environments where
peat input is expected to occur (Map 7.2-3) (Section 6.0 — Shoreline Erosion). Organic suspended
sediment was analyzed in the same peat zone shown in Map 7.2-3. Although the potential for peat
material and organic suspended solids to travel downstream into Stephens Lake, which is beyond the

Project’s hydraulic zone of influence, was assessed it was not directly modelled.

The study area for mineral sedimentation upstream of the proposed Keeyask GS was divided into nine
modelling reaches upstream of the Project. Predictions were developed for each of these reaches as
shown in Map 7.2-4. The study area of mineral sedimentation downstream of the GS included Stephens
Lake from Gull Rapids to Kettle GS.

7.2.3 Data and Information Sources
7.2.3.1 Mineral Sedimentation

The present study utilizes sedimentation and erosion data collected in the field from 2001 to 2009, and
published literature on relevant issues. As well, to support aquatic habitat studies suspended sediment
concentrations were measured near the water surface (at approximately 30 cm below), and collected bed
material samples in the open water period of 2001 to 2004 as a component of the water quality
monitoring program (see Aquatic Environment Supporting Volume (AE SV)).

More extensive sedimentation and erosion data was collected in the open water months of 2005 to 2007.
Maps 7C.1-1 to 7C.1-8 in Appendix C show the monitoring locations. Manitoba Hydro conducted a
sedimentation and erosion data collection campaign from mid-August to early October in 2005
(Manitoba Hydro 2006). During 