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DISCLAIMER 
This document has been prepared by northwest hydraulic consultants in accordance with 
generally accepted engineering and geoscience practices and is intended for the exclusive use 
and benefit of the client for whom it was prepared and for the particular purpose for which it 
was prepared.  No other warranty, expressed or implied, is made. 

northwest hydraulic consultants and its officers, directors, employees, and agents assume 
no responsibility for the reliance upon this document or any of its contents by any party other 
than the client for whom the document was prepared.  The contents of this document are not 
to be relied upon or used, in whole or in part, by or for the benefit of others without specific 
written authorization from northwest hydraulic consultants. 
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EXECUTIVE SUMMARY 
Newfoundland and Labrador Hydro (NLH) is proposing to develop the hydroelectric 
potential of the lower Churchill River downstream of the existing Churchill Falls 
Hydroelectric Station. The proposed development, known as the Lower Churchill 
Hydroelectric Generation Project, will consist primarily of two new hydroelectric generating 
facilities: one at Gull Island located approximately 100 km above the mouth of the Churchill 
River, and one at Muskrat Falls located 46 km above the mouth. 

The dams to be constructed as part of the two hydroelectric generating facilities will alter the 
river environment upstream of Muskrat Falls into reservoirs. In these reservoirs, river 
sediment processes such as sediment transport and associated morphological effects will be 
much reduced, although with respect to aquatic habitat some riverine characteristics will be 
retained in portions of the reservoirs. The reach downstream of Muskrat Falls however, will 
remain a fluvial environment and be subject to dam-induced changes in the sediment 
transport regime and associated changes in river morphology. The present study evaluates the 
effects of the Muskrat Falls Dam on the downstream channel to the mouth. 

Muskrat Falls is located approximately 300 km downstream of the existing Churchill Falls 
Dam and 46 km upstream of the river mouth at Goose Bay. The Churchill River from about 
40 km above Muskrat Falls to the mouth has a sand bed channel and conveys appreciable 
amounts of sand sized sediment. The proposed Muskrat Falls Dam will intercept the 
sediment coming from upstream, thus resulting in a sediment deficit downstream, which in 
turn will lead to general downstream bed degradation. The available bed material data show 
no evidence of appreciable quantities of coarser gravel-sized sediments, thus no armour layer 
development, which would tend to limit the extent of degradation, is expected. 

The sediment transport rates used in this study have been estimated, using information from 
other sand bed rivers, and from consideration of geomorphologic characteristics, as actual 
transport data are not available.  

The average annual bed material load passing through Muskrat Falls is estimated at 1 million 
m3/year. An additional 0.67 million m3/year on average is estimated to enter the downstream 
reach from bank and valley wall erosion sources along the reach (local sources). The rate and 
extent of post-dam degradation will depend on the actual amount of sediment input from 
local sources. Two sediment input scenarios were adopted for the morphological modelling. 
Scenario 1 assumed that sediment input from local sources would be zero; this represents the 
“worst case” scenario. Scenario 2 assumed that the local sources would add sediment to the 
downstream channel at the estimated annual average rate of 0.67 million m3/year; this 
represents the most probable scenario.   

The one-dimensional morphologic model SRH-1D was used to simulate the long-term 
channel response downstream of the dam. Muskrat Pool is expected to remain largely 
unchanged after dam construction. With Scenario 1, bed degradation would reach up to 6.5 m 
immediately downstream of Muskrat Pool and 3.5 m near the Blackrock Bridge. With 
Scenario 2 bed degradation was estimated to reach 5.4 m downstream of Muskrat Pool and 
2.5 m upstream of Blackrock Bridge after 100 years. Directly at Blackrock Bridge some  5 m 
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of bed lowering was predicted in response to the reduced sediment supply. Degradation was 
predicted to be negligible in the lower 10 km to the river mouth after 100 years. The 
reduction in water levels in the degrading portion of the reach is predicted to be about 1.2 m 
at a discharge of 1500 m3/s and 1.3 m at 4800 m3/s.  

The changed sediment transport conditions due to Muskrat Falls Dam may induce a shift in 
channel pattern from the present mildly braided form to a more meandering form. This 
change would be associated with increased rates of bank erosion. Increased bank erosion 
rates could occur even without increased meandering, due to the slope de-stabilizing effect of 
undercutting of banks by bed degradation. Increased rates of bank erosion would tend to 
reduce the extent of bed degradation by increasing the rate of sediment supply.  

Some of the potential impacts of the predicted bed degradation, lowered water levels, and 
increase lateral shifting could include the following: 

 Need for increased erosion protection and/or stabilization measures at the Blackrock 
Bridge. 

 Progressive lowering of tailwater at the proposed Muskrat Falls Dam. 
 Impacts on infrastructure such as water intakes, sewer outfalls, and developments on 

or near river banks where erosion may develop.  
 Various impacts of lowered river water level on the local groundwater table, adjacent 

riparian vegetation and possibly other environmental components.  
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1 INTRODUCTION  

1.1 BACKGROUND INFORMATION 

In 1971 the Churchill Falls Corporation began operation of the 5,225 MW (upgraded to 5,428 
MW in 1985) Churchill Falls hydropower station in Labrador, which captures two-thirds of 
the hydropower potential of the Churchill River. A project currently being proposed by 
Newfoundland and Labrador Hydro aims to develop the remaining hydropower potential 
with a dam at Gull Island (2000 MW) and a second dam at Muskrat Falls (800 MW). 
Muskrat Falls is located approximately 300 km downstream from Churchill Falls and 46 km1 
upstream from its mouth at Goose Bay (Lake Melville), which connects to the Labrador Sea. 

The two dams will utilize practically all the available elevation drop between Churchill Falls 
and Muskrat Falls. Thus, the river upstream of Muskrat Falls will be transformed into two 
reservoirs, in which river sediment transport will be greatly diminished. The reach 
downstream of Muskrat Falls however, will remain a river environment and will be subject to 
dam-induced changes in the sediment transport regime and associated changes in river 
morphology. The present study evaluates the effects of the Muskrat Falls Dam on these 
characteristics of the downstream channel to the mouth. 

The two reservoirs will be used primarily to create head for the generating plants rather than 
regulate river flows, as these are already regulated by the existing Churchill Falls facility. 
Thus the discharge regime along the river is not expected to change significantly.  The 
drainage area of the Churchill River increases from 69,200 km2 at Churchill Falls to 92,500 
km2 at Muskrat Falls.  

1.2 SCOPE OF WORK 

AMEC Earth & Environmental (AMEC), on behalf of Newfoundland and Labrador Hydro, 
retained northwest hydraulic consultants (nhc) to assess the effects of the proposed Muskrat 
Falls Dam on the sediment transport regime and morphology of the reach of the Churchill 
River downstream of the dam to the mouth, a distance of about 46 km. The general scope of 
the investigations was described in AMEC’s email of June 20, 2007. Two main tasks were 
identified: 

 Evaluate the sediment transport regime for present and post-dam conditions.  
 Evaluate the long-term effect of changes in sediment supply to the channel (impact on 

channel morphodynamics). 

                                                 
1 The river km posts (stations) have been defined on project mapping issued in July 2006 by Jacques 

Whitford/AMEC, in which km 0 is located about 3 km upstream of the river mouth as hydraulically defined. 
Thus all map-based km posts and derived distances need to be adjusted for hydraulic analysis and modelling 
purposes by 3 km.       
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1.3 AVAILABLE DATA 

The information and data available for this study included the following: 

 HEC-RAS model from Churchill Falls to the mouth at Goose Bay; 
 Bed material sediment samples for the reach below Muskrat Falls; 
 A memorandum from AMEC based on a 2006 reconnaissance survey, including oblique 

photographs; 
 Airphoto and LiDAR mapping mosaics from reports produced by AMEC; 
 Reports on the geology and geomorphology of the study area;  
 Landsat imagery from 1972 and 1999; and 
 Additional reports on hydrology, ice regimes, and sediment characteristics. 

1.4 STUDY APPROACH 

The study was performed in three main tasks: 

1. Sediment transport computations 
2. Geomorphic assessment 
3. Morphological modelling 

 
Sediment Transport Computations 
Sediment transported by a river is usually classified as either “bed material load” or “wash 
load”. The bed material load consists of the sediment that forms the river bed and the bar 
deposits in the channel. Bed material may be transported by rolling or sliding as bedload or 
by intermittent suspension (suspended bed material load).  Bed material transport rates are 
governed by the hydraulic conditions in the channel and the size distribution of the sediment. 
Such transport rates can, in principle, be computed if the hydraulic conditions and material 
size characteristics are known.  

The wash load consists of fine materials such as silts and clays, and (as its name suggests) is 
transported entirely in suspension. Wash load transport rates depend mainly on the rate of 
fine sediment supply to the channel, thus such rates cannot be computed using channel 
hydraulics.  However, since wash load is not present in the channel bed, it has limited 
influence on channel morphology, channel stability or degradation processes. Wash load is 
thus considered irrelevant for the present study and can be ignored.  

It is often difficult to use theoretical or semi-empirical equations to predict the bed material 
load accurately without field verification or other independent estimates. If the available 
sediment transport equations are applied without careful consideration of the specific 
conditions applicable to the river reach being analyzed, the range of sediment transport rates 
can typically vary by a factor of ten or more. Therefore, it is important to understand the 
basis on which each set of equations was developed and the actual characteristics and 
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conditions in the river reach being studied, in order to select the most applicable equations 
and to apply them appropriately, so as to make realistic estimates. 

In the absence of specific measurements of transport rates, as is the case for the Churchill 
River, alternative methods can be used to make independent checks to supplement the results 
computed using equations. One approach is to use a morphologic method as first proposed by 
Neill (1971) and later tested by McLean and Church (1999). This involves measuring or 
estimating volumes of erosion or deposition along the channel reach, estimating 
representative sediment transfer lengths and then linking these quantities to obtain an 
estimate of sediment transport rates along the reach. This approach requires significant effort 
and was beyond the scope of the present study. Another approach is to compare the estimated 
transport rates with observed rates for similar rivers elsewhere. This approach was used in 
the present study.   

Geomorphic Assessment 
A geomorphic assessment was used as a basis for predicting the river geomorphic response 
after dam construction. The geomorphic assessment was conducted using mainly historic 
satellite and aerial imagery. The assessment provides a description of the channel based on 
reach characteristics, the definition of sediment sources, measurement of past rates of bank 
erosion and assessment of potential future morphological changes.    

Morphological Modelling 
Construction of Muskrat Falls Dam will reduce the bed material load to zero at the dam. As 
the hydrologic regime is not expected to be significantly altered by the dam, the downstream 
river will respond to the reduced sediment supply by degradation and/or river bed coarsening. 
River bed coarsening could occur only if coarse sediments are present in the bed, and/or if 
coarse materials are introduced by tributary inflows and/or river bank erosion. In that case, 
the coarsening of the bed would tend to limit the amount of bed degradation. However, the 
available sediment data indicate that coarse sediments are not present in the study reach.      

Long-term changes to bed levels (degradation and aggradation) were assessed using the one 
dimensional sediment model SRH-1D developed by the US Bureau of Reclamation. The 
morphologic model utilized the information developed in the previous tasks. The sediment 
transport computations provided sediment transport rates and annual loads. The geomorphic 
assessment provided guidance for defining the extent of the SRH-1D model based on the 
reach characterization as well as qualitative information on sediment sources.  
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2 SEDIMENT TRANSPORT COMPUTATIONS 

2.1 GENERAL HYDRAULICS IN THE LOWER CHURCHILL RIVER 

2.1.1 HEC-RAS MODEL AND GENERAL MORPHOLOGY 

The channel geometry and hydraulic characteristics of the Lower Churchill River are defined 
by the HEC-RAS model which was developed by Hatch (2007). It covers 350 km from the 
tailrace below Churchill Falls to the mouth at Goose Bay. Figure 2.1 shows the longitudinal 
profile of the channel bed as well as the longitudinal variation in mean flow velocities for 
low and high discharges (800 and 4800 m3/s). 

Three distinctive deep features are noticeable in the bed profile: Winokapau Lake (km 250), 
the middle of Gull Lake (km 100) and directly below Muskrat Falls (km 46)2. Winokapau 
Lake is a very extensive and permanent feature, which has acted and continues to act to trap 
all sediment incoming from upstream sources. Winokapau Lake thus represents an upstream 
boundary for all historical downstream sediment transport.   

The deep section in Gull Lake (Gull Lake Pool) extends to a depth of about 50 m and 
occupies about the central one-fifth of the lake. The deep pool immediately downstream of 
Muskrat Falls is a similar feature and will be referred to as Muskrat Pool. This pool is not 
only extremely deep (about 60 m), but also very wide (up to 2.5 km). Normal fluvial 
processes cannot explain the formation of these localized deep pools; ice processes are 
believed to be responsible. Frazil ice, generated through the winter at and upstream of the 
falls, collects immediately downstream in the form of a large hanging ice dam (Hatch 2007). 
The under-ice flow velocities scour the bed to form and maintain the pool.3 

The bed profile between Winokapau Lake and Gull Lake exhibits an unusual downward 
concavity (alluvial rivers normally have upward concave bed profiles), suggesting the 
presence of erosion resistant controls (e.g. coarse bed materials or rock outcrops). Similar 
features are indicated below Gull Lake at about km 90, km 80 and km 73 where velocity 
spikes occur in the velocity profiles. The spike at km 90 (map km 87) occurs where the Pinus 
River enters the Churchill and contributes coarse, erosion resistant material to the bed. Below 
km 73 down to Muskrat Falls the river is mostly alluvial in character and velocities are low, 
averaging about 1 m/s. The water levels at Muskrat Falls drop between 13 to 15 m in two 
consecutive steps or falls separated by 850 m. The crest elevations of the falls are set at El. 
5.0 m and El. 11.5 m in the HEC-RAS model.  Except for the artificial constriction at the 
                                                 
2 HEC-RAS model distances are referenced to the river mouth at km 0 and differ from the mapping km stations 

by about 3 km (see footnote 1 above). Thus HEC-RAS km 0 coincides with map km -3. All distance values in 
the text of this report refer to HEC-RAS model distance values, unless otherwise stated. 

3 As frazil ice accumulates, the hanging dam grows downward toward the bed and the area available for water 
flow is progressively reduced, thus increasing the flow velocity. Eventually the velocity increases to the point 
where sand bed material is eroded. The flow velocity required to transport frazil ice through the area is greater 
than that which erodes the sand bed, thus the bed is progressively lowered while the frazil keeps accumulating 
and the hanging dam keeps growing.    
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Blackrock Bridge, the computed flow velocities (Figure 2.1) are rather uniform and remain 
generally below 1 m/s, reflecting the alluvial nature of the river in this lower reach.  

2.1.2 INFLUENCE OF TIDES  

Goose Bay, where the Churchill River ends, is connected via Lake Melville to the Sea of 
Labrador and hence it is influenced by marine tides. Hourly tidal gauge information at Goose 
Bay shows a maximum tidal swing of 0.55 m (Figure 2.2). In order to bracket the possible 
hydraulic effects of tides on the flow hydraulics of the Churchill River below Muskrat Falls, 
two water levels at El. - 0.25 m and El. + 0.35 m (assuming a mean tide level at El. 0.00 m) 
were applied as downstream boundary condition in the HEC-RAS model to represent a large 
tidal fluctuation of 0.6 m.  

Figure 2.3 shows the computed water levels and velocities along the Churchill River below 
Muskrat Falls for the two tide levels, for three discharges 800, 1800 and 4800 m3/s. The 
magnitude of the velocity fluctuations created by the tidal swing is not significant and was 
deemed negligible for long-term morphological simulations. Therefore, a constant 
downstream water level of El. 0.0 m was used in all simulations.  

2.1.3 ANNUAL FLOW HYDROGRAPH 

Daily flow records from 1948 to 2001 of the Churchill River at Muskrat Falls were used to 
derive flow-duration curves for conditions before and after the flow regulation caused by 
Churchill Falls Dam, as shown in Figure 2.4. As is well-known, flow regulation in the early 
1970’s has reduced the flow variability in discharges, increasing low winter flows and 
decreasing peak freshet discharges.  

The post-regulation flow duration curve, produced from flow data between 1974 and 2001, 
was used to generate an idealized annual hydrograph for the morphodynamic simulations. 
Figure 2.4 shows all the annual flow hydrographs in that period, as well as the mean 
hydrograph and the idealized hydrograph. The mean hydrograph, found by simply averaging 
all annual hydrographs, removes short duration peaks that are typically significant for 
sediment transport, because of the highly non-linear relation between flow rates and sediment 
transport rates. Therefore an idealized hydrograph is defined for modelling which retains 
information on low and high discharges. Table 2.1 shows the detail of discharges and 
durations adopted for the idealized modelling hydrograph. The peak discharge is a 6-hour 
flow of 5500 m3/s, while the minimum discharge was set at 1500 m3/s. 

2.2 SEDIMENT TRANSPORT RATES  

2.2.1 BED MATERIAL SIZE 

Churchill River bed sediment appears to be largely derived from lateral erosion of terrace and 
floodplain deposits that bound the active channel. Those deposits are found within the limits 
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of the former marine environment and are comprised of sands, silts and clay (JWEL 2000). 
Transported bed material is dominantly composed of sand-sized particles, with a D50 of 
nearly 0.4 mm and a D10 of 0.15 mm for most samples4 (Figure 2.5).  

2.2.2 SEDIMENT TRANSPORT EQUATION 

Morphodynamic modeling requires the selection of a sediment transport equation that relates 
sediment transport rates to hydraulic variables and sediment characteristics. Different 
sediment transport equations can predict very different transport rates when applied to the 
same set of river flow conditions; calibration or verification of the equations with field 
measurements is thus preferred. However, field data are not available for the Lower 
Churchill River. Therefore, an indirect approach was used, in which the predicted sediment 
transport rates for the Lower Churchill River were compared to observed transport rates from 
other sand bed rivers in the world, extracted from Galay (1987), plus data for the Fraser 
River at Mission in BC.  

The HEC-RAS model was applied to compute hydraulic parameters in the lower 38 
kilometres of the Churchill River (below Muskrat Falls Pool) for ten discharges ranging from 
1800 to 4800 m3/s at 15 cross sections. Using a median grain size D50 = 0.4 mm, two well-
accepted sediment transport equations applicable for sand bed rivers, the Engelund-Hansen 
equation and most recent version of the Van Rijn (2007) equation, were used to compute 
sediment transport rates. The Van Rijn equation systematically predicted higher transport 
rates than those observed in other rivers; while the Engelund-Hansen equation provided a 
very good agreement, as shown in Figure 2.6. Therefore, the Engelund-Hansen equation was 
adopted for the sediment transport computations. The original expression of the equation is 
as follow: 
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weight of water, V is the velocity, d50 is the median sediment size and τ is the bed shear. 
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4 A single bed sample collected in 1998 at map km 19 is much finer than all other bed samples and does not 

appear to be representative of typical bed sediments. 
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which shows that sediment transport rate is weakly dependent on grain size and water depth, 
but highly dependent on flow velocity (Figure 2.6).  

 

2.2.3 SEDIMENT RATING CURVE AND ANNUAL TRANSPORT 

In order to estimate the typical annual load in the river and to provide an upstream boundary 
condition (sediment inflow) into the morphodynamic model, it is necessary to establish a 
sediment rating curve that relates sediment transport rate Qs with discharge Q at a given cross 
section. However, since computed Qs varies greatly from one cross section to another, a 
reach-averaged rating curve is preferable. 

The Engelund-Hansen equation in combination with the HEC-RAS results were used to 
establish the sediment rating curves at several selected cross sections downstream of Muskrat 
Pool, as shown in Figure 2.7. The reach-averaged sediment rating curve was then estimated 
to be: 

Qs (tonne/day) = 0.000063Q2.35 (m3/s) 

Applying the sediment rating curve to the modeling hydrograph (Figure 2.4) allows 
computation of the transported load. This is done by arranging the modeling hydrograph in 
incremental steps of discharge and their associated durations, as shown in Table 2.1. The 
average annual bed material load is estimated to be 1.6 million tonne/year. Assuming a bulk 
dry density of 1.59 tonnes/m3 (i.e. porosity of 40%), the corresponding bulk volumetric load 
is 1 million m3/year.  

The most active flow discharges in terms of annual sediment transport are around 2000 m3/s, 
as half of the annual load is transported by discharges between 1900 and 2300 m3/s (Figure 
2.8). This transport rate represents the river’s bed material load and consists entirely of sand-
sized sediments. The finer wash-load (silt and clay), which is not found in the channel bed 
sediments, is not included in these estimates. This fine component of the sediment load is 
flushed through the river to Goose Bay and Lake Melville and has only a minor effect on 
channel morphology and channel processes. 
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3 GEOMORPHIC ASSESSMENT 

3.1 REACH CHARACTERIZATION 
The 46-km long length of channel below Muskrat Falls can be classified as a slightly 
sinuous, braided sand-bed river with large exposed medial bars, occasional islands, and 
extensive migrating dunes. Together, these elements effectively form a riffle-pool-bar 
morphology, where evolution of the bed topography is related to the downstream transport of 
bed material. Braided rivers typically convey a high bed material sediment load relative to 
other channel types, hence tend towards higher instability.  

Churchill River below Muskrat Falls can be effectively described as a single main reach 
since there are no significant tributary inputs of water or sediment, and no abrupt changes in 
gradient – the dominant variables that influence channel morphology. There are, however, 
gradual transitions in morphologic character along this section of river that are likely due to 
some combination of factors including variations in bank properties (bank material 
composition, hence resistance to erosion, and bank height) and ice processes (especially 
during breakup) that influence sediment erosion, transport and deposition. Based on the 
observed morphology and influencing factors, the main reach can be divided into three sub-
reaches, which are described below. 

3.1.1 SUB-REACH 1: MUSKRAT POOL 

This sub-reach extends 5 km (between map km 43 to map km 38) below Muskrat Falls, a 
natural 15 metre high waterfall formed where bedrock constricts the river (Figure 3.2). 
Below the falls, the channel widens to 2600 metres, and a pool has developed with a depth of 
up to 60 metres. There is active slumping and ravelling of the banks (terrace deposits) 
surrounding much of the pool, which therefore appear to be a significant source of suspended 
sediments and bed material. Although no sediment samples have been collected within the 
pool, the bed material is apt to be similar to that immediately upstream of Muskrat Falls, 
where repeat samples show that the bed material is mainly composed of sands with roughly 
10% silt and a small fraction (6%) of subsurface gravels (JWEL 1998, 2006). The absence of 
gravel observed downstream (AMEC 2007b) suggests that any gravel transported past 
Muskrat Falls becomes trapped in the pool.  

Two small islands are exposed within the pool area – possibly relict features – and there are 
partly submerged bars at the pool tail and a small delta on the right bank formed from a small 
tributary (Figure 3.2). 

The pool is believed to be primarily caused by ice dam formation. Hatch (20007) reports that 
frazil ice produced in the river at and upstream of Muskrat Falls is forced under the thermal 
ice cover that forms in the low gradient river downstream, creating a hanging dam. As 
additional frazil arrives from upstream, the dam increases in depth, and thus progressively 
reduces the flow area and thus increases flow velocities at the bed. At some stage the sand 
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bed starts to erode, at a velocity less than that required to erode the frazil ice particles. Thus 
the hanging dam continues to grow downwards by inducing progressive bed erosion.  Hatch 
(2007) indicates that the hanging dam will not form during post-project conditions due to the 
cessation of frazil ice generation.    

3.1.2 SUB-REACH 2: MUSKRAT POOL TO BLACKROCK BRIDGE 

This sub-reach extends 14 km below Muskrat Pool to the Blackrock Bridge (between map 
km 38 to map km 24). Below the pool, the channel exhibits a slightly sinuous, single-thread 
meandering habit, with a single elongated island and occasional mid-channel and lateral 
compound bars that split the flow (Figure 3.3). Gradient below the pool ranges from 
0.000073 at low flows (800 m3/s), and increases to 0.00011 at high flows (4800 m3/s) based 
on HEC-RAS modeling results. 

Migrating bedforms (dunes) are visible in much of the sub-reach, which grade up onto larger, 
exposed bars that migrate over time during high flows. The channel remains bounded by high 
bank terrace deposits along much of its length. These banks are more stable than those near 
the pool, hence contribute less sediment. Several small tributaries enter the reach (mainly on 
the left bank), and appear to contribute very little sediment given the absence of deltaic 
deposits. Overall, the lack of significant bar development suggests that sediment supply may 
be low, or is at least small relative to the competence of the river to transport this material 
downstream. More detailed sediment transport calculations would be required to resolve this 
uncertainty. 

Recent construction of the Blackrock Bridge and causeway appears to have modified the 
longitudinal water surface profile (Figure 3.1). Local sediment transport characteristics 
appear to have been affected: some sediment may be settling in the backwater area upstream 
of the causeway, and significant local bed scour has been occurring downstream. However, 
the bridge and causeway are unlikely to alter the bed material transport regime through the 
sub-reaches, as sediments will continue to be transported through the constriction within the 
main channel. 

3.1.3 SUB-REACH 3: BLACKROCK BRIDGE TO MUD LAKE 

This sub-reach extends 27 km down to the estuary. While the general reach characteristics 
are similar to sub-reach 2, this sub-reach has an increased frequency and size of bar deposits, 
the presence of numerous large forested islands, and significant transport of bed material 
sands by dunes which merge into migrating bars (Figure 3.4). The gradient declines from 
upstream to 0.000026 at low flows but becomes slightly steeper (0.00014) at high flows. 
Overall, the channel becomes increasingly braided in character, and frequent within-channel 
avulsions likely occur. However, comparison of recent (2006) orthophotos with 1972 satellite 
imagery reveals that the islands are very stable. The area of the islands has actually increased 
over this period, a reflection of the reduction in peak flows since completion of the Churchill 
Falls Dam. The sub-reach terminus is marked by a modest delta front that extends from map 
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km 1 near Mud Lake to map km -3 at Goose Bay where backwater effects reduce channel 
gradient and flow velocity, promoting sediment deposition. 

The channel is bounded by terrace deposits along most of its length, and these are actively 
eroding in several locations. However, these terraces are lower in elevation than in upstream 
sub-reaches, so if lateral rates of retreat are similar to upstream, the volume of sediment 
introduced would be less. Minor tributaries enter from both banks, including the relatively 
large Traverspine River on the right bank near map km 9, but these are not significant 
sources of sediment. Most of the sediment that enters the reach, therefore, appears to be 
derived from upstream sub-reaches; these sediments are deposited partially in the lower 
portion of sub-reach 3, with the remainder passing into Goose Bay.  

3.2 SEDIMENT SOURCES 

Bed material sediments in Churchill River are derived from tributary inputs, erosion of 
floodplain and terrace deposits, and through mass wasting processes. Immediately 
downstream of Gull Island rapids is Gull Lake which is about 4 km long and includes a 55-
metre deep pool (Figure 3.5). The presence of extensive braid bars upstream of the pool, with 
comparatively minor bar development downstream, gives the appearance that the pool is an 
effective sediment trap. However, the formation of a hanging ice dam at this location under 
favourable conditions (Hatch, 2007) would produce the same scour effect that occurs at 
Muskrat Falls. AMEC (2007a) reports coarser gravel, cobbles and boulders are found on the 
braid bars upstream of the pool, and are also found on the minor bars below the pool. 
Therefore, sands and coarser sediments that are transported into the pool can be scoured out 
and transported downstream during the winter. 

There are three major tributaries between Gull Lake and Muskrat Falls, which include Pinus 
River (left bank – map km 87), Upper Brook (right bank – map km 57) and Lower Brook 
(left bank – map km 49). Pinus River is the only significant source of gravel and cobble 
material below Gull Lake. However, coarser sediments are not common below map km 83 
(AMEC 2007a) indicating that coarse material which moves into Sandy Island Lake becomes 
trapped. It is unknown whether this condition is natural or related to the current regulated 
flow regime. Upper Brook has formed a large delta at the confluence with Churchill River, 
but as much of the delta is vegetated and the upstream channel exhibits single thread 
meandering morphology with few bars, actual sediment output from this tributary must be 
considered low. Lower Brook has similar channel morphology, but there is no delta present, 
so must also be considered to have a low sediment yield. 

The channel between Gull Lake and Muskrat Falls is a single thread, slightly sinuous, 
meandering channel with occasional bars and islands. However, channel morphology 
deviates from a conventional meandering pattern in that there is considerable variation in 
channel width along the reach length. These deviations in width are likely related to 
variations in bank strength. Wider ‘pool’ areas where most deposited sediment is found, are 
separated by narrower ‘riffle’ areas where sediment is transported through without being 
deposited in significant quantities. This morphology is more commonly associated with 
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wandering gravel-bed channels, except that wandering channels have a greater frequency of 
bar and island deposits. In the upstream half of the reach, there are only occasional, small 
submerged bedforms that grade into mid-channel bars.  In the downstream part of the reach 
(below km 68), the magnitude and frequency of bar deposits increases, with compound 
lateral and mid-channel bars the dominant depositional forms. In general, the amount of 
material stored in bars and islands is much smaller than in the reach downstream of Muskrat 
Falls. 

Given that sediment output from tributary streams and upstream areas appears very low, bars 
and submerged bedforms that are present in the channel must be derived from local sources, 
which include the lateral erosion of floodplain and glaciofluvial terrace deposits that bound 
the active channel, similar to that observed below Muskrat Falls. Undermining of these 
deposits by river erosion also leads to extensive earthflows in places which contribute large 
volumes of sands and silts to the river, but locally may also input some coarser gravel 
(McCuaig 2007). The terraces below Gull Island are generally greater in thickness than those 
downstream from Muskrat Falls, so if lateral rates of retreat are similar to downstream, the 
volume of sediment introduced would be larger. Given the greater magnitude and frequency 
of bedforms below Muskrat Falls, lateral sediment inputs between Gull Island and Muskrat 
Falls may be a significant source of the sediment load found within the lower reach of the 
river. A rough estimate of the difference in sediment input above and below Muskrat Falls 
can be made by comparing rates of bank retreat over time. 

3.3 BANK RETREAT RATES AND SEDIMENT INPUTS 

A comparison of channel conditions between 1972 and 2006 reveals no appreciable 
differences since construction of Churchill Falls in 1971. It is likely that Churchill Falls has 
had little influence on channel morphology downstream of Winokapau Lake (km 263) due to 
the sediment trapping effect of the latter5. No other significant changes have occurred along 
the river downstream of Churchill Falls. 

Sediment inputs along the river can be estimated by assessing the rate of river bank retreat. 
The rate of retreat in the reaches upstream and downstream of Muskrat Falls can be 
quantified by digitizing channel banks (including vegetated islands) from two available sets 
of imagery. The 1972 Landsat images have a resolution of 57x79 m (pixel size) and are 
referenced to the UTM coordinate system. The 2006 aerial photograph imagery was rectified 
using UTM coordinates found on each image (AMEC 2007b) which permits consistent 
scaling and orientation so that overlays are possible. The accuracy of changes mapped from 
this approach is, however, limited by the resolution of the Landsat imagery such that changes 
less than pixel resolution are not definable.  

Between 1972 and 2006, measured bank erosion rates in the 57.5 km long upstream reach 
(Muskrat Falls to Gull Island) averaged 70.3 metres, or 2.07 m/yr. In the 46 km long reach 
below Muskrat Falls, bank erosion averaged 100.8 metres, or 2.96 m/yr. Most of this erosion 
                                                 
5 Churchill Falls has modified the discharge regime, but consideration of this effect is outside the terms of 

reference for this study.  
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occurs on the north (left) bank, which may be related to bank orientation6. These rates of 
erosion are low, in general, given the size of the upstream watershed, but within the range of 
published rates (Hooke 1980). Overall, the active channel in both reaches actually narrowed 
over this period, with channel width (the mean width of the water surface and un-vegetated 
bar deposits) declining from 1140 to 1114 metres in the upstream reach and from 1478 to 
1460 metres in the downstream reach. This narrowing is related to the colonization and 
expansion of vegetation on bars which effectively established new islands and floodplain at a 
greater rate than other areas were eroded. The enlargement of vegetated areas is probably 
related to the change in flow regime following completion of Churchill Falls Dam. 

An estimate of lateral sediment inputs above and below Muskrat Falls requires measuring 
bank and floodplain heights to compute volumetric changes over time. However, an 
approximate measure can be provided by estimating the relative difference in bank heights 
between the two reaches and multiplying this ratio by relative rates of bank erosion. In 
general, it appears that bounding terraces are roughly twice as high in the upstream reach 
(though there is considerable variation) compared to the downstream reach which has 
extensive low relief terraces below Blackrock Bridge. The product of the ratio between 
terrace heights (2:1) and lateral erosion rates (1:1.5) reveals that the unit rate of lateral 
sediment input (defined as the volume of sediment entering the channel per lineal metre of 
bank) in the upstream reach is approximately equal to the rate in the downstream reach (the 
actual ratio is computed to be 4:3). For the purposes of this study we have assumed that unit 
rate of lateral sediment input in the two reaches is equal.  

Based on the above assumptions an estimate has been made of the relative sediment inputs 
from bank and terrace erosion along the river (Figure 3.6). The total sediment inflow is 
partitioned into 10-km long cells extending from Gull Island rapids to the mouth. At Gull 
Island, transport is assumed to be zero, while the transport rate 10 km downstream is zero 
plus the incremental input from bank erosion. In this manner, the conceptual sediment budget 
can be extended downstream. Under these assumptions the reach above Muskrat Falls 
supplies 60% of the total sediment inflow. This sediment supply from the upstream reach 
would be trapped by Muskrat Falls Dam. The remaining 40% of the total sediment inflow 
enters the river downstream of Muskrat Falls as a result of erosion of terrace and bank 
sediments along the channel. 

 

 

                                                 
6 North-oriented banks in the northern hemisphere receive less solar energy than other banks and develop 

deeper freezing depths (see discussion in Ettema and Zabilansky, 2004). 



FINAL nhc 

Lower Churchill River 
Sedimentation and Morphodynamics Study 13 

4 MORPHOLOGICAL MODELLING 

4.1 LONG-TERM CHANNEL RESPONSE 

When Muskrat Falls Dam is constructed, the sediment load immediately below the dam will 
be reduced to zero although bank erosion and erosion of valley wall sediments will continue 
to produce lateral sediment inflows further downstream. The channel’s capacity to transport 
sediment will remain virtually unchanged initially, since the transport capacity depends only 
on the hydraulic and bed material characteristics of the channel. The deficit between the 
transport capacity and sediment inflow will cause downstream progressing degradation to 
develop along the river. The channel should continue to degrade until the channel slope and 
sediment transport capacity are reduced to match the modified sediment inflow conditions. If 
the river bed or other sediment inflows contained coarse materials such as gravel sediments, 
then degradation will be limited by channel armouring. However, based on the bed material 
data (Figure 2.5) coarse sediments are not found in appreciable quantities in the bed. 
Therefore, the degradation will not be limited by armouring.  

A very deep hole has developed in the channel downstream of Muskrat Falls. This feature 
(Muskrat Pool) is believed to be directly related to the annual formation of a hanging ice dam 
during winter (see Section 3.1.1 above). During winter the hanging dam induces bed scour in 
the pool; during the open water season, the scour hole in the pool will be partially filled by 
sediment carried across the falls from upstream, as well as from local bank erosion. It is 
likely that the pool experiences a seasonal pattern of scouring and infilling while still 
maintaining an approximate annual equilibrium condition.  

4.2 MORPHOLOGICAL MODEL  

4.2.1 SELECTED MODEL 

The model SRH-1D: Sedimentation and River Hydraulics – One Dimension (formerly known 
as GSTAR-1D), developed by the US Bureau of Reclamation (Huang and Greimann 2007), 
was used for the morphological modelling. SRH-1D is a hydraulic and sediment transport 
numerical model developed to simulate flows in rivers and channels with movable 
boundaries. The main purpose of the SRH-1D is to model the vertical bed level changes in a 
river caused by scour and deposition. The main features of the model are as follows: 

 Imports HEC-RAS geometry file to define cross sections. 
 Computes water surface profiles and flow velocities at each section. 
 Simulates steady and unsteady flows and sediment transport.  
 Simulates subcritical, supercritical, and transcritical flows.  
 Let the user choose any of the 17 sediment transport equations available. 
 Simulates transport of cohesive and non-cohesive sediments. 
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 Simulates fractional sediment transport, bed sorting, and armoring. 
 Incorporates lateral point and non-point sources of flow and sediments. 

Under steady flow conditions the flow hydrograph is divided into a series of steady steps of 
constant discharge and specified duration (see Table 2.1). Lateral sediment inflows can be 
specified at any point along the river according to the stream distance where the lateral 
inflow starts and ends.  

4.2.2 ICE EFFECTS AND MODEL LIMITATIONS 

In common with all other available sediment transport models, SRH-1D is not capable of 
simulating the effects of a winter ice cover, or of local ice effects such as ice break-up, ice 
jams or hanging dams such as those involved in the creation of Muskrat Pool. 

With regard to the effects of a winter ice cover on sediment transport, this limitation is not 
considered significant at the current level of study. As water temperature decreases, water 
kinematic viscosity increases, in turn increasing the drag forces on bed particles, and thereby 
increasing sediment transport rates (Ettema et al. 2000). However, once an ice cover forms it 
creates an additional drag force on the water surface which increases water depth and 
decreasing flow velocity - i.e. the shear stress taken by the ice cover causes a reduction in the 
bed shear stress and thereby decreases the bedload transport rate (Smith and Ettema 1997). 
The two effects thus tend to counteract one another.  

 In terms of river morphology, ice forces may accelerate the migration of channel bends, 
cause transient scour and deposition during winter and induce cyclic shift of flow thalweg 
through sinuous-braided subreaches (Ettema and Zabilansky 2004). 

Accumulation of frazil ice and formation of a hanging ice dam can induce significant 
riverbed scour (Sui et al. 2006). This particular effect plays a major role in forming the 
Muskrat Pool and the modelling approach was adapted as described below to account for this 
phenomenon.   

4.2.3 MODEL SETUP 

The SRH-1D model of the Lower Churchill River below Muskrat Falls was set up with the 
following input data and input parameters: 

 Modelling hydrograph (Table 2.1, Figure 2.4) as upstream boundary flow condition 
 Sediment rating curve (Table 2.1, Figure 2.7) as upstream sediment inflow. 
 Downstream water level at El. 0.0 m. 
 Cross sections imported from the Hatch HEC-RAS model. 
 Five sediment size fractions, ranging from 0.0625 to 2 mm 
 Bed material based on the average size distribution of bed samples shown in Figure 2.5. 
 Engelund-Hansen sediment transport equation 
 Time step: 6 hours; total simulation time: 100 years. 
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In simulations where lateral sediment sources from bank erosion were considered, the 
sediment input was uniformly distributed along the reach between 38.2 km and 1.0 km.  

4.3 INITIAL RESULTS WITH LONG MODEL 

Initially, the model extended for 46.3 km from the river mouth to Muskrat Falls, including 
Muskrat Pool. Using the model settings explained above without lateral inflow, two 
conditions were simulated: the existing condition (“Without Dam”) and the post Muskrat 
Falls Dam condition (“With Dam”). For the post-dam condition, upstream sediment inflow 
was set to zero, while all other model parameters remained unchanged. The results of the 
100-year simulations are shown in Figure 4.1.  

Notably, the model predicts identical degraded bed profiles below Muskrat Pool for the two 
conditions. The only difference is that for the existing (Without Dam) condition Muskrat 
Pool is partially filled. This is because the pool traps practically all the incoming sediment 
and thus acts almost exactly as a dam would in creating a sediment deficit downstream and 
inducing bed degradation. As noted above, the model simulation cannot represent the 
seasonal pattern of scour and fill induced by ice processes, and thus the results are not 
realistic. However the results are still of value in that they demonstrate that without some 
kind of local scouring mechanism such as the hanging ice dam, the deep hole would proceed 
to fill in.  

The results indicate that over 100 years would be required to fill the pool under present 
sediment transport rates. This result can be checked by comparison to the pool volume. The 
volume of the pool has not been measured, but a rough approximation, based on the surface 
area of about 2.5 km wide and 3 km long, and the maximum depth of 60 m, yields a rough 
volume estimate of about 120 million m3. At an annual inflow of 1 million m3, it would take 
over 100 years to fill, which agrees with the model result. The model results also indicate that 
if the incoming sediment load is reduced to zero, as would be the case for “With Dam” 
conditions, the hole would remain unfilled. 

Note that all bed profile plots and elevations and degradation depth values reported herein 
refer to the “thalweg” portion of the channel bed unless otherwise stated. The thalweg is 
defined as the deepest part of the channel bed at any cross section.    

4.4 FINAL RESULTS WITH SHORT MODEL 

To avoid the difficulties created by the ice processes at Muskrat Pool, a short version of the 
1D model was developed with the upstream limit below the pool (at km 38.2) and covering 
only sub-reaches 2 and 3 as described in Chapter 3.1.  
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4.4.1 SEDIMENT INFLOW SCENARIOS 

For each of the “No Dam” and “With Dam” conditions, two sediment inflow scenarios were 
simulated (Table 4.1). Scenario 1 (without lateral sediment inflows downstream of Muskrat 
Falls) assumes approximately 1 million m3 of sediment is supplied annually from upstream. 
After the dam is in place, the sediment input from upstream is reduced to zero. This scenario 
represents the worst-case assumption in terms of generating degradation and may be 
considered conservative.  

Scenario 2 is based on the geomorphic assessment outlined in Section 3.3 and assumes that 
sediment is added to the river below Muskrat Pool due to erosion of valley walls and 
terraces. The assessment in Section 3.3 indicated 60% of the total sediment input will be 
derived from above Muskrat Falls and 40% will be derived downstream. On this basis it was 
estimated that the sediment inflow increased from 1 million m3/year below Muskrat Falls to 
1.67 million m3/year near the mouth of the river. The additional 0.67 million m3/year of 
sediment is supplied from this local source. After dam operations it was assumed that the 
total sediment inflow was zero at the upstream end of the modelled reach and increased 
uniformly along the reach to 0.67 million m3/year at the mouth. This scenario is believed to 
represent the most likely conditions that will occur along the river.  

4.4.2 EXISTING (NO DAM) CONDITION 

Figure 4.2 shows the computed 100-yr bed levels for the two sediment supply scenarios, for 
existing conditions. The two scenarios produce bed profiles similar to those of the initial bed 
level. Figure 4.2 also shows the bed changes computed by subtracting the final minus initial 
bed levels, positive values representing aggradation (deposition) and negative values 
degradation (scour). Both scenarios produce profiles near the equilibrium conditions (zero 
bed change); as expected, the scenario with additional lateral sediment supply produces 
somewhat higher bed levels.  

Looking at the bed changes, the lateral sediment scenario predicts almost perfect equilibrium 
conditions upstream from Blackrock Bridge, while deposition is predicted downstream of the 
bridge. These results are in general agreement with the observed morphology of the river; as 
the presence of large bars downstream from the bridge (Sub-reach 2, see section 3.1) 
suggests a depositional character. This also supports the assessment that the lateral sediment 
supply scenario (Scenario 2), is the more realistic. 

4.4.3 WITH DAM CONDITION 

Figure 4.3 shows the computed 100-yr bed levels for the post-dam conditions; as well as the 
computed bed changes for the same period. These results represent changes to the bed 
thalweg. As expected, Scenario 1 (without lateral sediment supply) produces greater amounts 
of degradation than Scenario 2. In Scenario 1 degradation reached a maximum of 6.5 m 
immediately below Muskrat Pool after 100 years, with degradation gradually decreasing in 
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the downstream direction: near the Blackrock bridge a general degradation of 3.5 m is 
predicted while in the lower 5 km of the reach degradation is practically nil, after 100 years.  

In Scenario 2 (lateral inflow scenario) the river bed degrades 5.4 m immediately downstream 
of Muskrat Pool, decreasing to about 2.5 m of in the general vicinity of the Blackrock 
Bridge. Degradation is negligible in the lower 10 km of the reach after 100 years. 

Computed bed changes at five representative cross section along the modeled reach are 
shown in Figure 4.5. 

4.4.4 EFFECT ON WATER LEVELS 

Bed degradation produces a lowering of the water surface profile. The water surface profile 
corresponding to initial and final conditions after 100 years of degradation, for a discharge of 
1500 m3/s and 4800 m3/s is shown in Figure 4.4. The amount of lowering is greatest at the 
upstream end. After 100 years the water level lowered 1.2 m at 1500 m3/s and 1.3 m at 4800 
m3/s (for Scenario 2). This water level reduction would apply to the tailwater conditions at 
the proposed Muskrat Falls Dam; this tailwater reduction should be reviewed by the 
designers to ensure that cavitation will not become a problem.   

Figure 4.4 also shows, for initial conditions, a break in the water surface slope at the 
Blackrock bridge, caused by the backwater effect of the bridge; this slope break is reduced 
after 100 years of bed change. 

4.4.5 BRIDGE SCOUR 

The degradation at the Blackrock Bridge section due to Muskrat Falls Dam is estimated for 
Scenario 2 at about 5 m. However, the strong flow contraction caused by the bridge 
causeway, plus the presence of abutments and riprap protection generate 2D and 3D effects 
that cannot be reproduced by a 1D model. Furthermore, the scour computed by SRH-1D is 
representative of the average flow hydrograph (Figure 2.4), and is not intended to represent 
the maximum local scour that would develop during a design flood. 

The Blackrock bridge and causeway has reduced the natural channel width from 860 m to 
360 m at the bridge section. The strong flow contraction has produced a dramatic increase in 
local flow velocity and erosive power of the flow; causing, after the 2006 freshet, a local 
scour hole 38 m deep (nhc 2006). The local scour induced by the contraction in channel 
width greatly overshadows the effects of Muskrat Falls Dam.      

Notwithstanding the above limitations, it is estimated that the general bed degradation at the 
bridge due to Muskrat Falls Dam will cause the existing riprap protection around the piers 
and abutments to launch further than they would otherwise. An allowance for additional bed 
degradation of at least 5 m should be anticipated over the next century. Additional mitigation 
measures such as increased riprap protection may need to be provided at some future date. 
Periodic monitoring at the bridge should be conducted to assess these bed level changes. 
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4.4.6 DEVELOPMENT OF BED DEGRADATION 

Degradation will start immediately downstream of Muskrat Pool and will progress 
downstream with time. At any location, the rate of degradation will be at its highest at the 
start of the process, and will subsequently tend to decrease with time as a stable configuration 
is approached. Figure 4.6 shows the computed rates of bed degradation in meters per year, as 
well as the cumulative degradation amount, over the 100 year simulation period in 10 year 
increments, at cross sections located upstream from Blackrock Bridge. Every rate data point 
represents a 10-year average. 

The degradation rate is relatively high in the first decade, reaching about 0.26 m/yr at the 
upstream end of the simulation reach (km 38.3). At this location the cumulative degradation 
after 10 years is about 2.6 m which is about half the value reached after 100 years. The 
degradation rate decreases in the downstream direction, increasing again near the bridge 
section, where the contraction caused by the bridge’s causeway creates additional local scour 
effects. After 100 years, the computed degradation rate reduces to about 1 cm/yr and will 
eventually approach zero.  

4.5 EFFECT OF SEA LEVEL RISE 

Both bed levels and water levels below Muskrat Falls are finally controlled by the water 
surface levels at Goose Bay. At the current estimated rate of sea level rise, the level is 
expected to increase by about 0.3 m by 2100 (Church and White 2006). If global warming 
were to occur over the next 100 years at the rate predicted by some researchers, the sea level 
rise may be greater than estimated, with a total rise of perhaps as much as 0.5 to 1.0 m (2007 
Inter-Governmental Panel on Climate Change). 

The estimated sea level rise of 0.3 m over the next 100 years, would very slightly reduce 
(mitigate) the predicted amounts of bed degradation and water level lowering. The amount of 
the reduction can be considered negligible at the current level of study. Greater amounts of 
sea level rise would have a greater mitigating effect.  
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5 LATERAL STABILITY 

5.1 METHOD OF APPROACH 

The long-term effect of the dam on lateral stability and planform7 can not be predicted 
reliably using numerical modelling techniques. Instead, we have based our assessment on a 
geomorphic approach using empirical methods and experience on other similar types of 
rivers. The assessment is based primarily on the secondary data sources listed in Section 1.3, 
a review of available air photos and imagery and analysis of hydraulic data from the HEC-
RAS model.  

5.2 CHANNEL PATTERN 

A reduction in river slope could potentially cause the channel to shift from a braided channel 
pattern towards more of a meandering pattern. Several empirical and semi-theoretical 
approaches are available which distinguish between braiding and meandering morphologies 
(Alabyan and Chalov 1998, Julien 2002, USACE 1994). The classical regime approaches are 
based on dominant discharge Q and bed slope S. Adopting Q = 2000 m3/s and S = 0.00011 to 
0.00014, Figure 5.1 illustrates how the Churchill River plots relative to these relations. The 
earliest relation developed by Leopold and Wolman (1957), which did not consider the bed 
or bank material characteristics of the channel, indicates the slope is too flat to maintain a 
braided channel pattern. A more recent relation by Ferguson shows the river is near the lower 
limit for a braided sand bed channel. This is consistent with Lane’s relation. A reduction in 
slope caused by degradation after dam construction will shift the river further towards a 
meandering channel pattern. 

5.3 LATERAL CHANNEL SHIFTING 

The reduction in the upstream load is expected to induce bed degradation starting in the 
alluvial reach below the dam and progressing downstream (Galay, 1983). This degradation 
could potentially undermine bank and terrace deposits, thereby increasing the rate of lateral 
instability downstream. Increased lateral erosion of bank and terrace deposits could also 
occur in response to the reduced sediment supply from upstream, which would force the 
channel to adopt a more sinuous, meandering plan-form.  The rate and location of lateral 
shifting would vary along the channel in accordance with bank strength, but the effects 
would gradually diminish downstream. 

Over a period of years to decades, the potential increase in sediment input from banks and 
terraces may create a feedback mechanism whereby they tend to counterbalance the loss of 
                                                 
7 The “planform” of a river refers to the 2-dimensional location, shape and orientation of the river channel(s) 

when seen from above - i.e. on a map or plan. “Lateral stability” then refers to the direction, amount and rate 
of channel shifting over time as seen in such a plan view.  
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the upstream sediment load, thus reducing the overall magnitude of the ultimate degradation. 
This process could continue until the degrading bed and the eroding banks and terraces reach 
a mutually stable configuration, i.e. when the channel develops a new stable regime 
condition. 

Prediction of lateral rates of movement is difficult, but an increase above present rates is 
considered likely. It is suggested that consideration be given to implementing a program to 
monitor bank recession rates at key locations especially in the reach immediately 
downstream of Muskrat Falls.   
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6 SUMMARY AND CONCLUSIONS 
The proposed Muskrat Falls Dam will intercept the sediment coming from upstream, thus 
resulting in a sediment deficit downstream, which in turn will lead to general downstream 
bed degradation. The available bed material data show that the bed material consists 
practically entirely of sand, with no evidence of appreciable quantities of coarser gravel-sized 
sediments, thus no armour layer development, which would tend to limit the extent of 
degradation, is expected. 

The sediment transport rates used in this study have been estimated, using information from 
other sand bed rivers, and from consideration of geomorphologic characteristics, as actual 
transport data are not available. 

The average annual bed material load passing through Muskrat Falls is estimated at 1 million 
m3/year. An additional 0.67 million m3/year on average is estimated to enter the downstream 
reach from bank and valley wall erosion sources along the reach (local sources). The rate and 
extent of post-dam degradation will depend on the actual amount of sediment input from 
local sources. Two sediment input scenarios were adopted for the morphological modelling. 
Scenario 1 assumed that sediment input from local sources would be zero; this represents the 
“worst case” scenario. Scenario 2 assumed that the local sources would add sediment to the 
downstream channel at the estimated annual average rate of 0.67 million m3/year; this 
represents the most probable scenario.   

The one-dimensional morphologic model SRH-1D was used to simulate the long-term 
channel response downstream of the dam. Muskrat Pool is expected to remain largely 
unchanged after dam construction. With Scenario 1, bed degradation would reach up to 6.5 m 
immediately downstream of Muskrat Pool and 3.5 m near the Blackrock Bridge. With 
Scenario 2 bed degradation was estimated to reach 5.4 m downstream of Muskrat Pool and 
2.5 m upstream of Blackrock Bridge after 100 years. Directly at Blackrock Bridge some 5 m 
of degradation may occur due to Muskrat Dam, in addition to local bridge scour. Degradation 
was predicted to be negligible in the lower 10 km to the river mouth after 100 years. A 
lowering of the bed will cause a reduction in water levels. The water level reduction is 
predicted to be about 1.2 m at a discharge of 1500 m3/s and 1.3 m at 4800 m3/s.  

The changed sediment transport conditions due to Muskrat Falls Dam may induce a shift in 
channel pattern from the present mildly braided form to a more meandering form. This 
change would be associated with increased rates of bank erosion. Increased bank erosion 
rates could occur even without increased meandering, due to the slope de-stabilizing effect of 
undercutting of banks by bed degradation. Increased rates of bank erosion would tend to 
reduce the extent of bed degradation by increasing the rate of sediment supply. . 

Some of the impacts of the predicted bed degradation, lowered water levels, and increase 
lateral shifting include the following: 

 Need for increased erosion protection and/or stabilization measures at the Blackrock 
Bridge. 

 Progressive lowering of tailwater at the proposed Muskrat Falls Dam. 
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 Impacts on infrastructure such as water intakes, sewer outfalls, and developments on 
or near river banks where erosion may develop.  

 Various impacts of lowered river water level on the local groundwater table, adjacent 
riparian vegetation and possibly other environmental components.  

 

Both bed levels and water levels below Muskrat Falls are ultimately controlled by sea level at 
Goose Bay. Based on current data, sea level is expected to rise about 0.3 m over the next 100 
years. This would be expected to have a very small mitigating effect on predicted bed and 
water level reductions. 
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Table 2.1 Annual flow hydrograph and sediment transport volumes. 
Duration 

 
(hours) 

Flow 
discharge 

(m3/s) 

Sediment 
transport rate 
(tonne/day) 

Sediment 
volume 

(m3) 
144 1500 1820 6867 
192 1600 2118 10655 
480 1700 2442 30717 
912 1900 3171 75797 
888 2100 4012 93371 
432 2300 4969 56251 

96 2500 6044 15206 
84 2700 7243 15943 
72 2900 8567 16164 
48 3100 10021 12604 
42 3300 11606 12774 
36 3500 13328 12573 
36 3700 15187 14327 
24 3900 17187 10809 
24 4100 19330 12157 
24 4300 21619 13597 
12 4500 24057 7565 
12 4700 26645 8379 

6 4900 29387 4621 
6 5100 32284 5076 
6 5300 35338 5556 
6 5500 38552 6062 
6 5300 35338 5556 
6 5100 32284 5076 
6 4900 29387 4621 

12 4700 26645 8379 
12 4500 24057 7565 
24 4300 21619 13597 
24 4100 19330 12157 
24 3900 17187 10809 
36 3700 15187 14327 
36 3500 13328 12573 
42 3300 11606 12774 
54 3100 10021 14180 
60 2900 8567 13470 
72 2700 7243 13665 
96 2500 6044 15206 

456 2300 4969 59376 
1296 2100 4012 136271 

924 1900 3171 76794 
960 1700 2442 61434 
696 1600 2118 38626 
336 1500 1820 16023 

  TOTAL 999554 



 

 

 
 
 
 
 
 
 
 
 

Table 4.1 Sediment inflows adopted for simulation scenarios. 
 

 

Sediment 
source 

Scenario 1  
(106 m3/yr) 

Scenario 2 
 (106 m3/yr) 

Upstream 1.00 1.00 

Lateral 0.00 0.67 

Total 1.00 1.67 

  
Note: 
Scenario 1: Assumes all sediment inflows enter the study reach from upstream of 
Muskrat Dam 
Scenario 2: Assumes an additional lateral sediment inflow of 0.67 x 106 m3/yr below 
Muskrat Dam  

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURES 
 





 

 

 

Lower Churchill River - Longitudinal Profile
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Figure 2.1. Bed and velocity profiles along the Lower Churchill River below Churchill Falls. 



 

 

 

 

 

 

 

 

Typical 2-week tidal fluctuation at Goose Bay
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Figure 2.2. Typical tidal fluctuations at Goose Bay (Lake Melville, Labrador).  



 

 

Effects of extreme tides on water levels below Muskrat Falls
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Effects of extreme tides on velocities below Muskrat Falls
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Figure 2.3 Effect of a 0.6 m tidal swing on water levels and velocities along the Churchill 
River below Muskrat Falls. 



 

 

Annual Flow Duration for 
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Post Churchill Falls Hydrographs (1974-2001)
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Figure 2.4. Flow duration curves and idealized modelling hydrograph for Churchill River 
after regulation by Churchill Falls (1974-2001). 



 

 

 

 

 

 

 

 

 

 
 

Figure 2.5 Bed material samples, Churchill River downstream from Muskrat Falls (1998).



 

 

 

 
 
Figure 2.6. Sediment transport rates along the Lower Churchill River (below km 35) 
computed using the Engelund-Hansen equation, compared with measurements at several 
sand-bed rivers in the world (Galay 1987), including the Fraser River at Mission (BC). 
 
 



 

 

Sediment Rating curves Lower Churchill River
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Figure 2.7. Computed sediment rating curves at selected cross section in the lower 38.3 km 
of Churchill River below Muskrat Pool. 
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Figure 2.8. Distribution of annual sediment load as a function of flow discharge. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 Modelled water surface elevation below Muskrat Falls for two flow conditions 

Water surface profiles, Churchill River below Muskrat Pool
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Figure 3.2 Channel morphology in sub-reach 1 (background imagery from AMEC) 



 
Figure 3.3 Channel morphology in sub-reach 2 



 
Figure 3.4 Channel morphology in sub-reach 3 



 
Figure 3.5 Channel morphology near Gull Lake 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6  Conceptual sediment budget, Churchill River below Gull Island 
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Computed bed profiles 100 years - long model
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Figure 4.1. Computed bed profiles for a 100-year simulation for the existing (“No dam”) and 
post Muskrat Falls (“Dam”) conditions using a long model (46.4 km) from the mouth to 
Muskrat Falls.  
 



 

 

Computed 100-yr bed profiles without dam
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Computed 100-yr bed changes without dam
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Figure 4.2 Computed profiles of bed levels and bed level changes for two scenarios with and 
without lateral sediment inflow, for existing conditions without dam. 



 

 

Computed 100-yr bed profiles with dam
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Computed 100-yr bed changes with dam
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Figure 4.3 Computed profiles of bed levels and bed level changes for two scenarios with and 
without lateral sediment inflow, for post-dam conditions. 



 

 

 
 
 

Computed 100 year bed and water surface profiles -  Q = 1500 m3/s
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Computed 100 year water surface profiles 
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Figure 4.4 Lowering of the bed and water surface (WS) profiles caused by 100 years of 
degradation in the scenario with lateral sediment supply (top) and detail of the water surface 
profile for 1500 and 4800 m3/s (bottom). 
 



 

 

Cross section 38.3 km
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Cross section 27.4 km - Blackrock Bridge
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Cross section 20.2 km 
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Cross section 10.85 km 
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Cross section 0 km 
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Figure 4.5 Examples of computed bed changes at five cross sections



 

 

Bed degradation upstream from Blackrock Bridge
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Figure 4.6 Time evolution of bed degradation (top) and rates of bed degradation (bottom) 
computed at cross sections upstream of Blackrock Bridge 
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Figure 5.1 Churchill River in the empirical braided-meandering transition plot. 
 
 
 




