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EXECUTIVE SUMMARY 
A two-dimensional numerical model study was undertaken to assess the potential impacts the 

proposed Dunvegan Hydroelectric Project (Project) could have on flow patterns and river 

currents upstream and downstream of the project.  Of particular importance was the prediction of 

the width of the fish migration corridors along each bank of the river at various flows.  Based on 

previous studies, it is believed that upstream migrating fish will tend to primarily utilize the zone 

of the river where velocities are less than 1 m/s.  In addition, both the upstream and downstream 

hydraulic zones of influence for the control structures were investigated.  Areas of entrainment 

volumes upstream of the dam and discharge zones downstream were calculated and plotted. 

 

The RMA2 numerical model was utilized for the study which examined a 2700 m long reach of 

the river, starting 700 m upstream and ending 2000 m downstream of the project centreline.  

Input to the model included the river bathymetry, upstream boundary conditions (river discharge) 

and downstream boundary conditions (water level).  Output from the model consisted of 

predicted water depths and depth-averaged velocities over the full reach of the model. These 

results were used to assess the hydraulic impacts of the Project. 

 

The model was calibrated to observed and predicted water level information.  The calibrated 

model was then used to predict the pre-construction and post-construction flow velocities and 

water depths for six river discharges ranging from 715 m3/s (95% exceedence discharge) to 

10,300 m3/s (1:100 year event).  The pre-construction modelling results indicate that the 

maximum river velocities range from 2.1 m/s at 715 m3/s to 4.4 m/s at 10,300 m3/s.  The results 

also show that the width of the 1 m/s flow corridor upstream of the project centreline is greater 

along the right bank than the left bank.  By comparison, the migration corridor downstream of 

the project is substantially wider along the left bank, where the average corridor width ranges 

from 32 – 102 m, than along the right bank, where the average corridor width ranges from 12 – 

37 m (depending on river discharge). 
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The post-construction results demonstrate that the impacts on river currents and flow depths are 

most pronounced upstream of the Project.  In this reach of the river, there is an overall decrease 

in the magnitude of the river currents and increase in the flow depth, particularly for the low and 

moderate river discharges.  This translates to a substantial increase in the width of the 1 m/s flow 

corridor.  Maximum river velocities within the forebay are predicted to range from 0.3 m/s at 

715 m3/s to 2.1 m/s at 10,300 m3/s. 

 

The effects downstream of the Project are less evident.  The strongest velocities and deepest 

water depths were predicted along the right side of the channel approximately 1000 m 

downstream of the project, similar to that predicted for the existing river conditions. As a result, 

the width of the 1 m/s flow corridor downstream of the project also appears similar to that 

predicted for the pre-construction conditions (22 – 97 m wide along the left bank and 15 – 31 m 

wide along the right bank).  Comparison of velocity transects extracted from the numerical 

modelling results, demonstrate that the most significant impacts downstream of the Project occur 

for the moderate and high discharges, when the spillway is operating, and are confined to the 

middle of the river within the first 1000 m downstream of the project.  The impacts at low 

discharges, when fish migration is of greater concern, and along the shorelines where fish 

migration is concentrated, are minor and relatively insignificant.  Furthermore, the model results 

also demonstrate that the potential impact on flow velocities, and hence bed scour, at the existing 

Dunvegan Bridge located approximately 2 km downstream of the project centreline, will also be 

insignificant. 
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1.0 INTRODUCTION 

1.1 GENERAL 
A two-dimensional (2D) numerical model was used to investigate the hydraulic performance and 

potential environmental impacts of the proposed Dunvegan Hydroelectric Project (Project).  The 

numerical modelling study is part of a comprehensive program incorporating two additional 

physical models and was conducted in accordance with an agreement between Glacier Power 

Limited (Glacier), the project developer, and northwest hydraulic consultants  (nhc) dated 

February 5, 2002. 

 

Overall direction of the hydraulic modelling program was undertaken by Mr. Paul Kemp of 

Canadian Projects Limited (CPL) on behalf of Glacier.  Mr. Brian Hughes was nhc’s project 

manager and principal investigator for the numerical and physical model studies.  The 2D 

numerical modelling and analysis was conducted by Mr. Ken Christison.  The 1:10 scale 

Fishway Ramp Flume physical model was constructed and tested under the direction of Mr. 

Darren Shepherd in Edmonton, Alberta, and the 1:25 scale Section model was constructed and 

tested under the direction of Mr. Dave Strajt in North Vancouver, British Columbia.  The results 

of the physical modelling investigations are presented in separate technical reports. 

 

1.2 PROJECT DESCRIPTION 
The proposed Dunvegan Hydroelectric Project is an 80 MW, low-head, run-of-river 

hydroelectric development proposed for construction on the Peace River about 2 km upstream of 

the Highway 2 Bridge crossing at Dunvegan, as shown in Figure 1-1.  The Project development 

will include a 80 MW powerhouse facility, a seven bay control weir, two rock-fill ramp 

fishways, seven fish sluiceways and a navigation lock.  The powerhouse will consist of forty 

(40), 2 MW turbine units extending from the south side of the river channel for a total distance of 

approximately 280 m.  The turbines will be arranged into groups of five units with each group 

separated by a 2.5 m wide fish sluice for downstream migrants.  The control weir (spillway) will 

extend from the north end of the powerhouse a distance of approximately 110 m.  The two rock-

fill fishway ramp structures will be located on each riverbank and adjacent to the powerhouse on 
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the south bank and the control weir on the north bank (refer to Figure 1-2).  The navigation lock 

and a boat launch facility will be located adjacent to the fishway ramp on the south side of the 

river to permit passage of recreational vessels. 

 

Upstream passage of fish around the Project will be accommodated by the rock-fill ramp 

fishways.  The main period for upstream fish migration normally occurs from mid-April to the 

end of May in any given year.  Downstream fish passage will be accommodated by a number of 

facilities including:  

- two rock-fill ramp fishways; 

- seven fish passage sluiceways located across the width of the powerhouse facility; 

- forty fish-friendly turbine units 

- selective shutdown and removal of turbines during lower river flows and the 

temporary installation of orifices; and, 

- spillway during higher river flows. 

 

The main period for downstream fish migration normally occurs from late August to the end of 

September in any given year. 

 

It should be noted, that over the course of the physical and numerical model studies, the design 

of the Project has undergone some significant design changes to accommodate fish passage 

concerns at the site.  These changes include decreasing the width of the fishway ramps, 

increasing the width of the control weir and the addition of the seven fish sluiceways across the 

width of the powerhouse, as described herein.  Initial numerical modelling work, which was 

conducted for the previous Project geometry, showed similar results to those described within 

this report. As a result, this report contains only those results that are applicable to the current 

Project geometry. 
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1.3 STUDY OBJECTIVES 
1.3.1 OVERALL MODELLING OBJECTIVES 

The Project developer, Glacier Power, adopted a program of physical and numerical modelling 
of the proposed Project to evaluate the fish-related aspects of the design and hydraulic 
performance of the structure as a whole.  Specific objectives of the modelling are listed below: 
 

1) Fish-Related Design Considerations: 

- Assess the effect of the proposed development on river currents upstream and 
downstream of the structure 

- Assess the river currents in the vicinity of the fishway ramps and the impacts of 
operating different components of the facility (i.e. powerhouse, control weir, 
sluiceways) on these currents 

- Evaluate the hydraulic conditions under different operating conditions (i.e. with 
all turbines operational, with select turbines operational, with select turbines 
removed, etc.) 

- Assess the hydraulic performance of the fishway headworks under different flow 
regimes  

- Assess the hydraulic performance of the fishway ramps with respect to fish 
migration 

- Evaluate different bed types (natural boulders of varying sizes, baffles, man-made 
boulders) and channel cross-section geometries (V-shape, skewed V-shape, 
sloping, flat) for the fishway ramps 

- Assess the fish passage capabilities of the fish sluiceways, the control weir and 
flows over the powerhouse  

- Assess the sweeping and impingement velocities along the face of the trashracks 

 

2) Overall Facility Performance: 

- Assess the hydraulic performance of the various components of the structure 
under different flow regimes 

- Assess the effect of the structure on scour of the Highway 2 bridge piers 
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- Assess the performance of the overtopping powerhouse design under high water 
levels 

- Assess the performance of the control weir 

- Assess the hydraulic performance of the powerhouse and control weir under high 
debris load conditions, including hydraulic performance under ice formation, 
cover and break-up conditions 

- Assess the hydraulic conditions during different stages of construction 

 

1.3.2 2-D NUMERICAL MODELLING OBJECTIVES 

As a first step in the evaluation of the facility performance, a 2D numerical model was developed 

and run to provide an indication of how the facility will influence the river currents upstream and 

downstream of the Project.  Specific objectives of the numerical modelling included the 

following: 

- Assess the effect of the structure on river currents upstream and downstream of 
the proposed hydroelectric project 

- Assess the effect of the structure on scour of the Highway 2 bridge piers (by 
comparing the pre-construction and post-construction river currents immediately 
upstream of the bridge crossing, and 

- Evaluate the hydraulic conditions during different stages of construction. 

 

The results from the 2D model presented in the main body of this report address the first two 

objectives listed above.  Modelling work to evaluate the hydraulic conditions during different 

stages of construction is presented in Appendix A. 



nhc 
 

 

Dunvegan Hydroelectric Project  
2-Dimensional Numerical Modelling 
Technical Report – March 2003 5 

2.0 SITE DESCRIPTION 

2.1 PEACE RIVER 
The proposed hydroelectric facility will be located on the Peace River approximately 2.15 km 

upstream from the existing Highway 2 Bridge crossing near the town of Dunvegan.  The Peace 

River at the proposed site has a width of approximately 400 m.  The centerline of the proposed 

development is located at Station 0+000, based on a local project river stationing system, which 

corresponds to river km 944.85, as measured from the mouth of the Peace River.  The Peace 

River valley is incised through glacial drift on the uplands and mudstones in the underlying 

formations.  The valley bottom is filled in with compacted sand and gravel.  The valley slopes 

are generally steeper than 2:1.  

 

2.2 HYDROLOGY 
Prior to 1968, flow in the Peace River varied seasonally with high flows typically occurring 

during spring melt and low flows during the winter freeze.  Since construction on the W.A.C. 

Bennett Dam began in 1968, the Peace River flows have been regulated to ensure peak energy 

generation during the winter months.  The March 2000 Dunvegan Hydro Project Hydrology and 

Hydraulics Report prepared by UMA Engineering Ltd. can be referenced for additional detailed 

hydrologic analysis. 

 

Return period discharges and proposed operational rule curves for the Project that were utilized 

in the current 2-D numerical modelling analysis were provided by CPL and are presented in 

Table 3.1 of this report. 
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3.0 NUMERICAL MODELLING METHODOLOGY 

3.1 MODEL OVERVIEW 
The 2D numerical modelling study for the Dunvegan project utilized the RMA2 hydrodynamic 

model and extended from a location approximately 700 m upstream of the proposed Project site 

to a location approximately 2000 m downstream (coincides with the location of the Highway 2 

Bridge.  The RMA2 hydrodynamic model is a depth-averaged finite element model which 

computes a solution of the Reynolds form of the Navier-Stokes equations for turbulent flows. 

The model was developed by Norton, King and Orlob (1973) of Water Resources Engineers, for 

the Walla Walla District, Corps of Engineers in 1973.  Further developments were carried out by 

King and Roig at the University of California, Davis.  Subsequent enhancements have been made 

by King and Norton, of Resource Management Associates (RMA), and by the Waterways 

Experimental Station (WES) Hydraulics Laboratory. 

 

RMA2 like other 2D depth-averaged models, solves the conservation of mass (continuity 

equation) and the conservation of momentum equations in horizontal plane (x and y directions 

with z defining the vertical).  The resulting steady-state solution is provided in terms of water 

surface elevation and horizontal velocity components.  The results from the 2D model provide a 

fairly accurate representation of the river currents upstream and downstream of the project. 

However, it should be noted that all 2D models compute the “depth-averaged” velocities and will 

not provide accurate results where flow patterns are highly three-dimensional in nature, such as 

in close proximity to instream structures.  On the basis of this, it should be noted that the “near-

field” results presented in this report should be viewed as not accurate.  The 1:25 scale section 

model provides a more accurate representation of “near-field” flow conditions (refer to separate 

report). 

 

There were four major steps taken in predicting the flow conditions using a 2D hydrodynamic 

model.  First, the channel characteristics, including bed topography and instream structures, were 

defined based on contour bathymetry and Project design drawings provided by CPL.  Second, a 

computational mesh for each channel configuration (pre-construction, post-construction and the 
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various construction sequencing phases) was generated.  Third, using the computational mesh, 

the model was run and the flow conditions were calibrated to the observed and predicted water 

surface profiles presented in the March 2000 Dunvegan Hydro Project, Hydrology and 

Hydraulics Report prepared by UMA Engineering Ltd.  Finally, the calibrated roughness and 

eddy viscosity values were incorporated into the developed meshes and steady-state flow 

conditions along the river channel were computed for a range of river discharges under the pre-

construction channel geometry (existing conditions) and re-computed for the same discharges 

under the post-construction geometry (Project is constructed and fully operational). 

 

3.2 CHANNEL GEOMETRY 
The riverbed bathymetry required for numerical modelling was adopted from the information 

provided by CPL.  As noted above, the channel geometry was simulated over a 2.7 km long 

reach of the river, beginning approximately 700 m upstream of the proposed Project site.  The 

existing river channel bathymetry is illustrated in Figure 3-1.  The numerical model pre-

processor software, SMS, was able to incorporate information from these drawings as baseline 

data to be used in developing the mesh. 

 

3.3 MESH GENERATION 
Once the channel geometry had been defined, the next step was to generate computational 

meshes required by the numerical model.  These files, defining the spatial and hydraulic 

characteristics of the channel bed as a series of nodes and elements, were created using SMS. 

 

A series of computational meshes were defined as part of this study.  The following list presents 

the meshes developed for the numerical modeling: 

- one mesh was developed for pre-construction channel bathymetry covering the 
full 2.7 km river reach, as shown in Figure 3-2; and 

- two meshes were developed for the post-construction conditions: one mesh 
defined the upstream forebay for a distance of 700 m; and a second mesh defined 
the channel bathymetry downstream of the Project for a distance of 2000 m to the 
Dunvegan Bridge. Figure 3-3 illustrates the resulting meshes. 
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Dividing the river reach into two computational meshes for post-construction conditions has two 

distinct advantages.  First, RMA2 does not have to account for the 3-dimensional flow patterns 

associated with the flow passing either over the dam, through hydroelectric turbines, or through 

the fish passage facilities.  Second, the RMA2 software limits the size of the computational file 

to 10,000 computational elements.  By reducing the length of the reach simulated, the density of 

these elements can be increased in each mesh. This in turn improves the detail of the geometry 

simulated in the model which can be particularly important in the vicinity of the proposed 

facility. 

 

The total number of nodes in the pre-construction and post-construction meshes ranged from 

21,428 nodes and 7,361 elements to 28,304 nodes and 9,995 elements.  As illustrated in Figures 

3-2 and 3-3, the amount of detail associated with each mesh varies depending on the amount of 

detail required to define specific channel characteristics.  For example, the relatively uniform 

areas of the river, including the centre of the channel, require fewer nodes when compared to 

areas having more substantial variations in the bed topography, such as along the channel banks 

and in the vicinity of the instream structures.  To ensure the modelled bathymetry accurately 

represented the surveyed bathymetry, transects were extracted at various locations across the 

computational mesh and compared to similar transects taken from contours presented in 

Figure 3-1.  The comparison exhibited good agreement. 

 

3.4 BOUNDARY CONDITIONS 
The inflow and outflow boundaries were defined for each modelled reach of the Peace River at 

the same time as developing the computational meshes.  The upstream boundary conditions were 

set as steady state inflow discharges while the downstream boundary conditions were defined as 

either steady state outflow discharges or fixed water surface elevations.  Inflow and outflow 

boundary conditions were adopted from data provided by CPL, as listed in Table 3.1 and 

summarized below. Inflows from Hines Creek, which enters the Peace River approximately 

900 m downstream from the Project, have not been considered in this analysis. 
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3.4.1 PRE-CONSTRUCTION BOUNDARY CONDITIONS 
Two flow boundaries were defined for the pre-construction mesh.  The inflow boundary was 

aligned perpendicular to river centreline approximately 700 m upstream of the proposed Project 

as a steady state river discharge.  Flows ranged from 715 m3/s, representing the 95% exceedance 

discharge, to 10,300 m3/s, representing the 1 in 100 year flood event.  The outflow boundary was 

also set perpendicular to the river centreline, located near the right (south) bridge abutment at the 

Dunvegan Highway 2 Bridge crossing, approximately 2000 m downstream of the project site.  

The outflow boundary was defined as a fixed water surface elevation and set in accordance with 

the published stage-discharge curve for the Water Survey of Canada (WSC) Gauge 

No. 07FD003, Peace River at Dunvegan Bridge. 

 

3.4.2 POST-CONSTRUCTION BOUNDARY CONDITIONS 
Two sets of boundary conditions were defined for the post-construction computational meshes as 

described below. 

 

Upstream Reach (forebay) Boundaries – The inflow boundary was set approximately 700 m 

upstream from the Project at the same location as the inflow boundary defined for the pre-

construction conditions.  Two separate outflow boundaries were defined - one fixed water 

surface boundary located at the overflow spillway bays and one steady state outflow discharges 

located across the powerhouse intakes.  The outflow boundary across the powerhouse intake was 

evenly distributed across the entire width of the forty-unit powerhouse to ensure that a uniform 

approach conditions could be approximated.  For simplicity, the discharge associated with the 

fishway ramps on either side of the Project was incorporated into the powerhouse flows.  

Boundary locations are located in Figure 3-3. 

 

Downstream Reach (tailrace) Boundaries – The inflow boundaries for the downstream model 

correspond to the outflow boundaries defined for the upstream model discussed above.  Steady 

state inflow discharges were set at four inflow boundaries (two fishway ramp discharges, the 

spillway discharge and powerhouse/fish sluice discharge) as shown in Figure 3-3.  The outflow 

boundary for the downstream model was set as a fixed water surface elevation at the Highway 2 

Bridge crossing across the same outflow section as defined for the pre-construction flow 

conditions. 
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3.5 MODEL CALIBRATION 
Once the computational mesh and boundary conditions were defined, the next step was to 

calibrate the channel roughness and eddy viscosity (ν) used in the numerical model. RMA2 

incorporates Manning’s roughness coefficient (n).  Typical Manning’s n values range from 0.015 

to 0.030 while eddy viscosity for this type of hydraulic condition may range from 1000 to 

5000 Pascal/s.  Calibration was accomplished by initially specifying approximate n and ν values 

to the computational mesh, running the model to steady state solution, comparing the resulting 

hydraulic grade line to the observed and predicted data presented in UMA’s Hydrology and 

Hydraulic Report, and then adjusting either the n or ν until good agreement between the 2D 

model results and the observed/predicted water level data was achieved.  The results of the 

model calibration are discussed in Section 4.1 of this report. 

 

3.6 CALCULATING A STEADY STATE SOLUTION  
Once the computational meshes were calibrated, each mesh was solved using the RMA2 model 

for a range of river discharges.  For each discharge, the model was run until a steady state 

solution was achieved.  The resulting file defined velocities in horizontal plane (u and v) and the 

water surface elevation at each node in the mesh.  The results were then presented in a variety of 

formats using the commercially-available visualization software Tecplot. 
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4.0 MODEL RESULTS 

4.1 MODEL CALIBRATION 
The results of the iterative calibration procedure are presented in Table 4.1.  Differences between 

the observed water level measurements and the 2D model results ranged from 0.0 to ±0.15 m, 

with the larger variations occurring downstream of the Project site.  The largest difference 

between observed and predicted (2-D model) was located 771 meters downstream of the 

proposed Project, where the observed water level was 0.15 m higher than that predicted by the 

2D model.  Given average flow depths of approximately 5 m, the 0.15 m deviation in predicted 

water surface elevation represents an accuracy of approximately 3%.  Furthermore, relatively 

close agreement between observed data, the 1-D model results, and the 2-D model over the entire 

reach of the model, particularly at the lower flow conditions (715 to 1,355 m3/s), indicates that a 

Manning’s n of 0.025 within the main channel and eddy viscosity of 2000 throughout the entire 

reach provides an accurate simulation of the river flow conditions. As a result these values were 

adopted for the remaining tests. 

 

A Manning’s n of 0.035 was adopted for the bar along the left (north) side of the channel while a 

Manning’s n of 0.045 was adopted along both banks (above El. 340.0 m).  Although the bar and 

bank roughness coefficients were not adjusted as part of the model calibration, the adopted 

values contributed to the successful calibration of the model and are considered reasonable 

approximations (Chow, 1949).  Figure 4-1 illustrates the zones of varying roughness and the 

corresponding values developed in the calibration process.  It is possible that additional 

calibration may have ‘fine tuned’ the model even further.  However, results of the sensitivity 

analysis, in which the Manning’s n values and eddy viscosity were varied to illustrate their 

impact on the model results, indicate that it is unlikely that additional calibration would have a 

significant impact on the results of this study.  The results from the sensitivity analysis are 

presented in Table 4.2. 
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4.2 PRE-CONSTRUCTION CONDITIONS 
Following calibration of the numerical model, the flow conditions presented in Table 3.1 were 

examined.  Current directions and velocities were calculated for the pre-construction conditions 
to illustrate the predicted flow patterns for the existing river channel geometry.  Figures 4-2 to 4-

7 present the calculated velocity and flow depths for the six discharges tested.  Each figure 

includes a highlighted contour, on both the velocity contour map (upper figure) and the flow 

depth contour map (lower figure) indicating the location of the 1 m/s migration corridor.  As 

indicated earlier, based on previous work conducted on the river, it is believed that upstream 
migrating fish will tend to utilize the zone of the river where velocities are less than 1 m/s.   

 

In general, the predicted flow patterns and water depths appear to agree well with hydraulic 

engineering principles.  As expected, flow velocity and depth vary proportionately with 

discharge as the higher velocities are observed at higher discharges.  The highest velocities for 
each of the six flow conditions are located near the left bank of the channel upstream of the 

proposed Project centreline where the river channel is relatively narrow, and closer to the right 

bank of the channel downstream of the Project centreline as the flow passes around the deltaic 

fan located on the left bank (at the mouth of Hines Creek).  The maximum velocities range from 

2.1 m/s at 715 m3/s to 4.4 m/s at 10,300 m3/s.  The width of the 1 m/s migration corridor 

upstream of the Project centreline is greater along the right bank than the left bank.  However, 
downstream of the Project centreline, the 1 m/s corridor is substantially wider along the left bank 

where it ranges from 32 – 102 m as compared to a width of 10 – 37 m along the right bank.  In 

the pre-construction condition, the potential upstream migration zone is limited along the right 

bank downstream of the Project site.  At a river discharge of 2,549 m3/s, the minimum corridor 

width was predicted at only 4 m, at a location 350 m downstream of the Project.  A more detailed 
description of the modelled migration corridors is presented in Section 5.0. 

 

The deepest flow depths (thalweg) generally coincide with the high velocity zones. That is, 

upstream of the Project centreline the thalweg is located along the left side of the channel, 

whereas downstream of the Project the thalweg switches over to the right side of the channel.  

The deepest depths are located approximately 1000 m downstream from the Project site and 

range from 6.1 m at 715 m3/s to 14.1 m at 10,300 m3/s.   
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4.3 POST-CONSTRUCTION CONDITIONS 
As indicated earlier, modelling of the Post-Construction flow conditions was accomplished by 

dividing the 2.7 km river reach into two computational meshes.  The upstream, or forebay, mesh 

extended from a point 700 m upstream of the Project to the upstream face of the dam.  The 

downstream, or tailrace, mesh extended from the downstream face of the dam to the Highway 2 

Dunvegan Bridge crossing (a distance of approximately 2000 m).  Although upstream and 

downstream reaches were modelled separately, results from the modelling efforts have been 

combined for illustrative purposes.  Current directions and velocities were calculated for the 

post-construction conditions to illustrate the predicted flow patterns for the river channel during 

operational conditions.   

 

Figures 4-8 to 4-14 present the calculated velocity and flow depths for the six discharges tested. 

Again, these figures illustrate the limits of the 1 m/s migration corridor with a highlighted 

contour.  In addition, streamlines extending both upstream and downstream from the proposed 

hydroelectric facility, are presented in Figures 4-15 to 4-21, which illustrate the approximate 

“contributing or entrainment volume” of flow passing through each of the control structures.  

These streamlines were generated by inserting a neutrally buoyant “trace particle” at the lateral 

extent of each control structure (e.g. at the north end of the right bank fishway ramp, at the north 

end of the powerhouse, and at the south end of the left bank fishway ramp) and numerically 

generating the path that the particle would follow both upstream and downstream of the Project. 

 

Similar to the pre-construction conditions, the post-construction modelling results agree with 

accepted hydraulic principles.  Since the changes to the flow patterns and water depths upstream 

of the Project are notably more pronounced than the downstream changes, the upstream and 

downstream reaches will be discussed separately below. 

 
Upstream Reach (Forebay) 

Flow within the Project forebay was found to be relatively slow and uniform in comparison to 

the downstream reach.  Velocities within the forebay varied up to 0.3 m/s at low river discharges 

(715 m3/s) and up to 2.1 m/s at high river discharges (10,300 m3/s).  The lower overall velocities 
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increase the size of the zone available to migrating fish.  This zone, defined by the 1 m/s velocity 

contour, is substantially wider than that indicated in the pre-construction model results for the 

same reach. In fact, for flows up to the 5% exceedance event (river discharge of 2,549 m3/s) the 

velocities upstream of the Project are all less than 1 m/s.  For river discharges exceeding 

moderate flood events (1:2 year), the upstream velocities return to those predicted for the pre-

construction conditions.  

 

The flow streamlines, as depicted in Figures 4-15 to 4-21, indicate that the streamlines typically 

follow the banklines upstream of the Project.  However, for discharges below 2,000 m3/s, when 

the spillway is not operating, the streamlines along the left (north) side of the river are entrained 

in the eddy upstream of the spillway.  For higher discharges, when the spillway is passing flow, 

the streamlines remain approximately parallel to the bankline. 

 
Downstream Reach (Tailrace) 

Overall, the flow patterns and depths downstream from the Project for low discharges (prior to 

powerhouse overtopping at 3,960 m3/s) were similar to those predicted for the pre-construction 

conditions.  The strongest velocities and deepest water depths were predicted along the right side 

of the channel approximately 1000 m downstream of the Project, similar to that illustrated for the 

existing river conditions.  As a result, the width of the 1 m/s migration corridor downstream of 

the Project also appears similar to that predicted for the pre-construction conditions.  There is a 

continuous 1 m/s corridor downstream of both the left and right bank fishways.  However, the 

width of the corridor downstream of the left bank fishway is substantially greater than that 

downstream of the right bank fishway.  This same trend was observed in the pre-construction 

model results.  The width of the migration corridor typically ranges from 22 – 97 m along the left 

bank and from 15 – 31 m along the right bank (depending on the river discharge). A more 

detailed description of the modelled migration corridors is presented in Section 5.0. 

 

As the powerhouse is overtopped and the spillway discharge increases significantly, the presence 

of a high velocity zone downstream of the spillway is predicted by the model.  The maximum 

velocities under these conditions range from 4.3 m/s at 3,960 m3/s to 5.5 m/s at 10,300 m3/s.  
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This high velocity jet approaches the deltaic bar along the left side of the channel which tends to 

re-direct the flow to right side of the river channel approximately 1000 m downstream from the 

Project, creating flow patterns similar to those predicted for the pre-construction conditions.   

 

The flow streamlines, as depicted in Figures 4-15 to 4-21, indicate that streamlines extending 

from both fishways typically follow the bankline downstream of the Project.  It is interesting to 

note that the streamline extending from the north end of the powerhouse (coincides with the 

south end of the spillway) is drawn towards the left bank fishway for river discharges when the 

spillway is not passing flow (river discharges below 2,000 m3/s).  As the spillway begins to pass 

flow, this streamline is shifted left, the area is reduced, and it follows a path along the middle of 

the river channel. 
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5.0 PRE- / POST-CONSTRUCTION COMPARISONS 
The objectives of the numerical modelling study included determining the potential effects of the 

structure on river currents upstream and downstream of the proposed hydroelectric Project.  The 

two primary concerns include the potential effect the modified flow patterns could have on fish 

migration and pier scour at the Highway 2 Dunvegan bridge crossing.   

 

To address these concerns, the velocity distribution on four transects downstream of the Project 

were extracted from both the pre-construction and post-construction model results and compared.  

The transects were located 350 m, 500 m, 1000 m and 2000 m downstream of the Project 

centreline.  Figures 5-1 to 5-6 illustrate the transect velocities for the range of flows examined.  

In addition, at each transect the width of the 1 m/s migration corridor was determined from the 

model results. Tables 5.1 to 5.7 summarize the corridor widths for river discharges examined 

under both the pre-construction and post-construction channel geometries. 

 

From the velocity transect figures, it is evident that for the low and moderate river discharges (up 

to and including the 5% exceedence discharge), the impacts to the flow regime downstream of 

the Project are relatively insignificant (Figures 5-1 to 5-3).  Any variations observed in the 

velocity transect results for these flows are likely less than the accuracy that can be expected 

from the numerical model.  As the river discharge increases and flow passes through the 

spillway, there are some more significant impacts to the velocity distributions within the first 

500 – 1000 m downstream of the Project.  It is important to note that the variations between the 

pre-construction and post-construction results are generally confined to the middle portion of the 

river channel, and impacts along the shorelines are minimal, becoming insignificant 

approximately 1000 m downstream of the Project.   

 

The tabulated data comparing the migration corridor widths at each transect verifies that the 

corridor width along the left (north) bank is significantly wider than that along the right (south) 

bank.  This is true for both the pre-construction and post-construction conditions.  Although there 

are some changes to the corridor width at each transect between the pre-construction and post-
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construction operating conditions, there are no obvious trends of either reduced or increased 

corridor widths or loss of connectivity to the entrances of the fishways on either bank. 

 

These results also demonstrate that the potential impact on flow velocities and hence bed scour at 

the existing Dunvegan Bridge located approximately 2 km downstream of the Project centreline, 

will be insignificant. 
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6.0 SUMMARY AND CONCLUSIONS 
The RMA2 two-dimensional numerical model was utilized to study the potential impacts the 

proposed Dunvegan Hydroelectric Project could have on flow patterns and river currents 

upstream and downstream of the Project site.  Of particular importance was the prediction of the 

width of the fish migration corridors along each bank of the river, which based on previous 

studies, are defined as the zone of the river where velocities are less than 1 m/s where upstream 

migrating fish are expected to concentrate. 

 

The numerical model covered a 2700 m long reach of the river, starting 700 m upstream and 

ending 2000 m downstream of the Project centreline.  Input to the model included the river 

bathymetry, upstream boundary conditions (river discharge) and downstream boundary 

conditions (water level).  Output from the model consisted of predicted water depths and depth-

averaged velocities over the full reach of the model.  

 

The model was calibrated to observed and predicted water level information.  The calibrated 

model was then used to predict the pre-construction and post-construction flow velocities and 

water depths for six river discharges ranging from 715 m3/s (95% exceedence discharge) to 

10,300 m3/s (1:100 year event).  The pre-construction results indicate that the maximum river 

velocities range from 2.1 m/s at 715 m3/s to 4.4 m/s at 10,300 m3/s.  The results also show that 

the width of the 1 m/s migration corridor upstream of the Project centreline is greater along the 

right bank than the left bank.  By comparison, the migration corridor downstream of the Project 

was predicted to be substantially wider along the left bank.  

 

In the pre-construction condition, the potential upstream migration zone is limited along the right 

bank downstream of the Project site.  At a river discharge of 2,549 m3/s, the minimum corridor 

width was predicted at only 4 m, at a location 350 m downstream of the Project.  Overall, the 

corridor was typically less than 40, and often between 10 to 25 m in width.  The notional 

migration corridor on the left bank was much wider, with a minimum width of approximately 35 

m, but typically between 60 and 100 m.  The overall hydraulics of the channel dominated by the 
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bar feature on the left bank are likely the cause of the reduced width on the right bank and 

enhanced width on the left bank. Although there are other biological and physical cues related to 

fish migration, such as cover, bed roughness and localized hydraulics, the data suggests that 

upstream migration is hydraulically, and potentially from a fish energetics perspective, more 

suitable along the left bank.   

 

The post-construction results demonstrate that the impacts on river currents and flow depths is 

most pronounced upstream of the Project.  In this reach of the river, there is an overall decrease 

in the magnitude of the river currents and increase in the flow depth, particularly for the low and  

moderate river discharges due to the backwater effects of the facility.  Maximum river velocities 

within the forebay are predicted to range from 0.3 m/s at 715 m3/s to 2.1 m3/s at 10,300 m3/s.  

This translates to a substantial increase in the width of the 1 m/s migration corridor, thus 

upstream fish migration above the Project will be unhindered.   

 

The impacts downstream of the Project are less evident.  The strongest velocities and deepest 

water depths were predicted along the right side of the channel approximately 1000 m 

downstream of the Project, similar to that predicted for the existing river conditions.  Comparison 

of velocity transects extracted from the numerical modelling results, demonstrate that the most 

significant impacts downstream of the Project occur for the moderate and high discharges, when 

the spillway is operating, and are confined to the middle of the river within the first 1000 m 

downstream of the Project.  From a fisheries perspective, periods of upstream fish migration will 

typically occur at discharges less than the 95% exceedence flow (Q95), or 2,549 m3/s, and be 

concentrated along the shorelines, where reduced velocities and adequate depth provide suitable 

hydraulic conditions.  As stated previously, a notional 1 m/s migration corridor was considered an 

important design criteria. 

 

Numerical modelling results indicate that nearshore hydraulic conditions downstream of the 

Project appear similar to that predicted for the pre-construction conditions.  The velocities and 

flow patterns appear to be relatively unaffected by the Project.  The output of the model clearly 

demonstrates that the area of low velocity extending up to the entrances to the fishway structures 
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exists on both banks, therefore the migration corridor connectivity is retained.  The model results 

also indicate a suitable depth of flow within this zone for fish migration with large areas of 1 – 

2 m deep water.  Overall, the numerical results indicate that upstream fish migration below the 

Project will likely continue unaffected to the downstream end of the fishway ramps on both 

banks.   

 

Furthermore, the numerical model demonstrates that the flow patterns and river velocities at the 

location of the Dunvegan Highway will be virtually unchanged from the existing conditions. As a 

result, it can be concluded that the potential for scour at the bridge will also be unchanged. 



 

 

 

 

 

 

 

 

 

 

TABLES  
 

 
 



River % Exceedance Headwater Tailwater Power Powerhouse Spillway Fish Upper-Level Lower-Level
Discharge and Elevation Elevation Flow Overflow Flow Attraction Fish Sluices Fish Sluices

(m3/s) Flood Event (m) (m) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)

 Pre-Project: "baseline conditions" before start of construction

1-1 715 95% - 339.28 - - - - - - -

1-2 1,482 50% - 240.39 - - - - - - -

1-3 2,549 5% - 341.39 - - - - - - -

1-4 3,960 - - 342.60 - - - - - - -

1-5 5,950 1:10 Year - 344.04 - - - - - - -

1-6 10,300 1:100 Year - 346.51 - - - - - - -

 Post-Project: project is fully operational 1

2-1 715 95% 346.2 339.28 679 0 0 4 18 1.2 13

2-2 1,482 50% 347.2 240.39 1445 0 0 4 18 2.5 13

2-3 2,549 5% 348.3 341.39 1800 0 711 4 18 3.8 13

2-4a 3,960
Prior to 

Overtopping
348.4 342.60 1800 0 1807 4 18 3.8 327

2-4b 3,960 Overtopping 349.8 342.60 0 847 2722 4 0 0 386

2-5 5,950 1:10 Year 350.9 344.04 0 2,020 3546 4 0 0 378

2-6 10,300 1:100 Year 352.8 346.51 0 4,774 5163 4 0 0 367

NOTES
1) River discharges, water levels and project operation is based on the CPL Annual Rule Curve - Scenario 5 dated 03/07/2002.

TEST PROGRAM

Test No.
Submerged 
Fishways

DUNVEGAN HYDROELECTRIC PROJECT
NUMERICAL AND PHYSICAL MODEL STUDIES

2-D NUMERICAL MODEL

TABLE 3.1



Observed
1-D Numerical 

Model
2-D Numerical 

Model
1186 340.82 340.88
1329 341.00 341.06
1355 341.04 341.15
715 340.09 340.14
2714 342.56 342.54 342.56
1186 340.79 340.81 340.83
1329 341.00 341.03
1355 341.03 341.11
715 340.08 340.11
2714 342.55 342.52
1186 340.79 340.80
1329 340.98 339.97
1355 341.02 341.05
715 340.07 340.04
2714 342.53 342.42
1186 340.76 340.79 340.76
1329 340.97 339.95
1355 341.01 340.02
715 340.06 340.03
2714 342.52 342.41
1186 340.78 340.78 340.73
1329 340.96 340.94
1355 341.00 340.99
715 340.05 339.97
2714 342.52 342.41
1186 340.65 340.53
1329 340.84 340.76
1355 340.88 340.80
715 339.91 339.75
2714 342.40 342.42 342.30
1186 340.21 340.21
1329 340.40 340.42
1355 340.44 340.46
715 339.50 339.48
2714 342.15 342.09 342.00
1186 340.02 339.96
1329 340.20 340.13
1355 340.24 340.17
715 339.37 339.33
2714 341.77 341.80 341.68
1186 339.86 339.86
1329 340.03 340.03
1355 340.06 340.06
715 339.26 339.26
2714 341.57 341.62 341.57

Notes: 1) Table data adopted from 2000 UMA Report

             2) 0+000 represents crest centreline of proposed project

TABLE 4.1

2-D NUMERICAL MODEL

DUNVEGAN HYDROELECTRIC PROJECT

Water Surface Elevation (m)Total River 
Flow   (m3/s)

River Station2    

(m)

Summary of Calibrated Water Surface Elevations1

NUMERICAL AND PHYSICAL MODEL STUDIES

0+559

0+280

0+000

-0+060

-2+141

-0+120

-0+351

-0+771

-1+431

7/23/2002
3498-n01.xls



1-D Model
n3 = 0.025      
EV4 = 2000

n = 0.015      
EV = 2000

n = 0.035      
EV = 2000

n = 0.025      
EV = 1000

n = 0.025      
EV = 5000

0+559 715 340.09 340.14 339.82 340.43 340.09 340.25
2714 342.54 342.56 342.15 342.98 342.53 342.61

0+280 715 340.08 340.11 339.80 340.39 340.06 340.22
2714 342.55 342.52 342.13 342.91 342.51 342.55

0+000 715 340.07 340.04 340.72 340.32 339.99 340.13
2714 342.53 342.42 342.06 342.80 342.45 342.48

-0+060 715 340.06 340.03 340.68 340.29 339.96 340.10
2714 342.52 342.41 342.04 342.78 342.42 342.46

-0+120 715 340.05 339.97 340.58 340.20 339.86 340.03
2714 342.52 342.41 342.01 342.72 342.40 342.44

-0+351 715 339.91 339.75 339.43 339.98 339.66 339.82
2714 342.42 342.30 341.90 342.60 342.28 342.33

-0+771 715 339.50 339.48 339.31 339.68 339.45 339.56
2714 342.09 342.00 341.68 342.27 341.97 342.01

-1+431 715 339.37 339.33 339.28 339.41 339.32 339.35
2714 341.80 341.68 341.57 341.82 341.67 341.69

-2+141 715 339.26 339.26 339.26 339.26 339.26 339.26
2714 341.62 341.57 341.57 341.57 341.57 341.57

Notes: 1) Table data adopted from 2000 UMA Report

             2) 0+000 represents crest centreline of proposed project

             3) Manning's n adopted for the main channel

             4) Eddy Viscosity estimated for the 2-D numerical modelling

Water Surface Elevation (m)
River Station2    

(m)
Total River 

Flow   (m3/s)

TABLE 4.2

2-D NUMERICALMODEL

DUNVEGAN HYDROELECTRIC PROJECT

Summary of Sensitivity Anaysis1

NUMERICAL AND PHYSICAL MODEL STUDIES



Pre-Construction Post-Construction Pre-Construction Post-Construction Pre-Construction Post-Construction

350 350 102 105 51 45 44% 43%

500 300 59 57 16 11 25% 23%

1,000 255 47 52 26 10 29% 24%

2,000 285 80 80 55 59 47% 49%

Averages 72 74 37 31 36% 35%

Pre-Construction Post-Construction Pre-Construction Post-Construction Pre-Construction Post-Construction

350 445 113 139 14 14 29% 34%

500 330 65 59 7 7 22% 20%

1,000 305 94 88 13 14 35% 33%

2,000 320 75 75 31 32 33% 33%

Averages 87 90 16 17 30% 30%

Distance 
from Project 

(m)

Channel 
Width         

(m)

Table 5.2
Comparison of 1 m/s Migration Corridor Width

River Discharge = 1,482 m3/s
(50% Exceedance)

Corridor Width
% of Channel

Left (North) Bank Right (South) Bank

Comparison of 1 m/s Migration Corridor Width
River Discharge = 715 m3/s

Distance 
from Project 

(m)

Channel 
Width         

(m)
Left (North) Bank Right (South) Bank

(95% Exceedance)

Corridor Width
% of Channel Width

DUNVEGAN HYDROELECTRIC PROJECT
NUMERICAL AND PHYSICAL MODEL STUDIES

2-D NUMERICAL MODEL

Table 5.1



Pre-Construction Post-Construction Pre-Construction Post-Construction Pre-Construction Post-Construction

350 460 70 51 4 17 16% 15%

500 460 144 141 16 16 35% 34%

1,000 370 103 101 17 17 32% 32%

2,000 360 91 93 10 10 28% 29%

Averages 102 97 12 15 28% 27%

Pre-Construction Post-Construction Pre-Construction Post-Construction Pre-Construction Post-Construction

350 465 55 20 18 18 16% 8%

500 520 60 50 12 30 14% 15%

1,000 410 58 58 11 15 17% 18%

2,000 410 121 122 8 8 31% 32%

Averages 74 63 12 18 19% 18%

Distance 
from Project 

(m)

Channel 
Width         

(m)

Table 5.4
Comparison of 1 m/s Migration Corridor Width

River Discharge = 3,960 m3/s
(Prior to Overtopping)

Corridor Width
% of Channel

Left (North) Bank Right (South) Bank

Comparison of 1 m/s Migration Corridor Width
River Discharge = 2,549 m3/s

(5% Exceedance)

Distance 
from Project 

(m)

Channel 
Width         

(m)

Corridor Width
% of Channel

Left (North) Bank Right (South) Bank

DUNVEGAN HYDROELECTRIC PROJECT
NUMERICAL AND PHYSICAL MODEL STUDIES

2-D NUMERICAL MODEL

Table 5.3



Pre-Construction Post-Construction Pre-Construction Post-Construction Pre-Construction Post-Construction

350 465 55 18 28 35 18% 11%

500 520 60 61 27 33 17% 18%

1,000 410 58 58 27 27 21% 21%

2,000 410 121 122 14 14 33% 33%

Averages 74 65 24 27 22% 21%

Pre-Construction Post-Construction Pre-Construction Post-Construction Pre-Construction Post-Construction

350 475 34 21 28 35 13% 12%

500 530 40 32 27 33 13% 12%

1,000 580 45 47 27 27 12% 13%

2,000 425 96 96 14 14 26% 26%

Averages 54 49 24 27 16% 16%

Comparison of 1 m/s Migration Corridor Width

Left (North) Bank Right (South) Bank

Corridor WidthDistance 
from Project 

(m)

Channel 
Width         

(m)

Table 5.6
Comparison of 1 m/s Migration Corridor Width

River Discharge = 5,950 m3/s
(1:10 Year Event)

% of Channel
Left (North) Bank Right (South) Bank

River Discharge = 3,960 m3/s
(Powerhouse Overtopping)

Distance 
from Project 

(m)

Channel 
Width         

(m)

Corridor Width
% of Channel

DUNVEGAN HYDROELECTRIC PROJECT
NUMERICAL AND PHYSICAL MODEL STUDIES

2-D NUMERICAL MODEL

Table 5.5



Pre-Construction Post-Construction Pre-Construction Post-Construction Pre-Construction Post-Construction

350 490 39 16 21 23 12% 8%

500 535 48 33 31 31 15% 12%

1,000 610 18 18 37 37 9% 9%

2,000 445 23 21 15 13 9% 8%

Averages 32 22 26 26 11% 9%

Left (North) Bank Right (South) Bank

Comparison of 1 m/s Migration Corridor Width
River Discharge = 10,300 m3/s

(1:100 Year Event)

Distance 
from Project 

(m)

Corridor Width
% of Channel

DUNVEGAN HYDROELECTRIC PROJECT
NUMERICAL AND PHYSICAL MODEL STUDIES

2-D NUMERICAL MODEL

Table 5.7

Channel 
Width         

(m)
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River Discharge = 715 m /s
Velocity Distribution Comparison
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River Discharge = 1,482 m /s
Velocity Distribution Comparison
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River Discharge = 2,549 m /s
Velocity Distribution Comparison
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River Discharge = 3,960 m /s
Velocity Distribution Comparison
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3River Discharge = 5,950 m /s
Velocity Distribution Comparison
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EXECUTIVE SUMMARY 
A two-dimensional numerical model study was undertaken to assess the potential impacts the 

proposed Dunvegan Hydroelectric Project (Project) could have on flow patterns and river 

currents upstream and downstream of the project.  The RMA2 numerical model was utilized for 

the study which examined a 2700 m long reach of the river, starting 700 m upstream and ending 

2000 m downstream of the project centreline.  Input to the model included the river bathymetry, 
upstream boundary conditions (river discharge) and downstream boundary conditions (water 

level).  Output from the model consisted of predicted water depths and depth-averaged velocities 

over the full reach of the model.  The modelling results presented in this appendix assess the 

hydraulic impacts of the Project during construction. 

The model was calibrated to observed and calculated water level information.  The calibrated 
model was then used to predict velocities and water depths for river discharges ranging from 

1,890 to 3,266 m3/s during various stages of construction.  The discharges represent maximum 

weekly 10% exceedance levels for the Peace River at the Project.   

The partially completed structures are expected to increase the water surface and reduce 

velocities upstream of the project.  Downstream of the Project high velocity flow is expected 
through the constricted channel.  The construction sequence modelling results indicate that 

velocities are expected to reach between 5.3 and 8.1 m/s across the structure during the later 

stages of construction when channel constriction is the greatest. However, the numerical model 

results indicate that the impacts downstream from the Project along the shorelines where fish 

migration is concentrated are minor and relatively insignificant.  Also, the model results 

demonstrate that during construction the potential impact on flow velocities, and hence bed 

scour, at the Dunvegan Bridge located 2 km downstream of the project, will also be insignificant.



nhc 

 

Dunvegan Hydroelectric Project  
2-Dimensional Numerical Modelling 
Technical Report– March 2003 A-ii 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY...................................................................................................................i 

LIST OF TABLES.............................................................................................................................. iii 

LIST OF FIGURES ............................................................................................................................ iii 

A.1 BACKGROUND ..........................................................................................................................1 

A.2 PROJECT DESCRIPTION..........................................................................................................1 

A.3 HYDROLOGY.............................................................................................................................3 

A.4 NUMERICAL MODELLING METHODOLOGY ...................................................................3 
A.4.1 Model Overview...............................................................................................................3 
A.4.2 Channel Geometry ...........................................................................................................5 
A.4.3 Mesh Generation ..............................................................................................................5 
A.4.4 Boundary Conditions .......................................................................................................7 

A.5 MODEL RESULTS ...................................................................................................................12 
A.5.1 Velocities and Water Surface Profiles ..........................................................................12 
A.5.2 Fish Migration ................................................................................................................13 

A.6 SUMMARY AND CONCLUSIONS........................................................................................14 
 

Appendix B – Glacier Power Construction Sequence Drawings (301 to 308) 

 



nhc 

 

Dunvegan Hydroelectric Project  
2-Dimensional Numerical Modelling 
Technical Report– March 2003 A-iii 

LIST OF TABLES 
 
A.1 Peace River Weekly 10% Exceedance Flows - Dunvegan Bridge Highway 2 Crossing 
A.2 Construction Sequence Model Results – Water Surface Elevation 
 
 
 

LIST OF FIGURES 
Modelling Methodology – Computational Meshes 
A-1 Construction Stage No. 1 
A-2 Construction Stage No. 2 
A-3 Construction Stage No. 3 
A-4 Construction Stage No. 4 
A-5 Construction Stage No. 5 
 
 
Modelling Results – Flow Depths and Velocities 
A-6 Construction Stage No. 1 
A-7 Construction Stage No. 2 
A-8 Construction Stage No. 3 
A-9 Construction Stage No. 4 
A-10 Construction Stage No. 5 
 

 



nhc 

 

Dunvegan Hydroelectric Project  
2-Dimensional Numerical Modelling 
Technical Report– March 2003 A-1 

A.1 BACKGROUND 
A two-dimensional (2D) numerical model was used to investigate the hydraulic performance and 

potential environmental impacts of the proposed Dunvegan Hydroelectric Project on the Peace 

River.  The numerical modelling study is part of a comprehensive program incorporating two 

additional physical models and was conducted in accordance with an agreement between Glacier 

Power Limited (Glacier), the project developer, and northwest hydraulic consultants  (nhc) 

dated February 5, 2002. 

On July 26, 2002 nhc submitted a Technical Report presenting the pre- and post- construction 

numerical modelling results for the Dunvegan Project.  The July report included a summary of 

the numerical model results adopted for this study along with a detailed description of various 

components of the model and techniques used to accurately model flow conditions in the Peace 

River.  This addendum report is intended to supplement the July 26th Technical Report, 

summarizing the numerical model test results as they pertain to the proposed construction 

sequence in the field. 

 

A.2 PROJECT DESCRIPTION 
The proposed Dunvegan Hydroelectric Project is an 80 MW, low-head, run-of-river 

hydroelectric development proposed for construction on the Peace River about 2 km upstream of 

the Highway 2 Bridge crossing at Dunvegan.  The Project development will include an 80 MW 

powerhouse facility, a seven bay control weir, two rock-fill ramp fishways, ten fish sluiceways 

and a navigation lock.  The powerhouse will consist of forty (40), 2 MW turbine units extending 

from the south side of the river channel for a total distance of approximately 280 m.  The 

turbines will be arranged into groups of five units with each group separated by a 2.5 m wide fish 

sluice for downstream migrants.  The control weir (spillway) will extend from the north end of 

the powerhouse a distance of approximately 110 m.  The two rock-fill fishway ramp structures 

will be located on each riverbank and adjacent to the powerhouse on the south bank and the 

control weir on the north bank.  The navigation lock and a boat launch facility will be located 

adjacent to the fishway ramp on the south side of the river to permit passage of recreational 

vessels. 
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Upstream passage of fish around the Project will be accommodated by the rock-fill ramp 

fishways.  The main period for upstream fish migration normally occurs from mid-April to the 

end of May in any given year.  Downstream fish passage will be accommodated by a number of 

facilities including:  

- two rock-fill ramp fishways; 

- fish passage sluiceways located across the width of the powerhouse and spillway 

facilities; 

- forty fish-friendly turbine units; and, 

- spillway during higher river flows. 

 

The main period for downstream fish migration normally occurs from late August to the end of 

September in any given year. 

It should be noted, that over the course of the physical and numerical model studies, the design 

of the Project has undergone some significant design changes to accommodate fish passage 

concerns at the site.  These changes include decreasing the width of the fishway ramps, 

increasing the width of the control weir and the addition of the ten fish sluiceways across the 

width of the powerhouse and spillway structures, as described herein.  Initial numerical 

modelling work, which was conducted for the original Project geometry, showed similar results 

to those described within this report. As a result, this report contains only those results that are 

applicable to the current Project geometry. 

The proposed construction sequence consists of nine stages scheduled over an 18 month period. 

The first stage consists primarily of site preparation and river bank work conducted along the 

banks above the 10% monthly exceedance flood levels.  In-river work begins in Stage 2 with the 

construction of the proposed spillway piers and concrete apron.  Powerhouse construction is 

planned during Stages 3 through 6.  Stages 7 through 9 represent the installation of the spillway 

crest between the previously constructed spillway piers.  Figures developed for Glacier Power 

Ltd. by Canadian Projects Ltd. (CPL) illustrating the nine stages of construction are presented in 

Appendix A of this Addendum. 
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A.3 HYDROLOGY 
Prior to 1968, flow in the Peace River varied seasonally with high flows typically occurring 

during spring melt and low flows during the winter freeze.  Since construction on the W.A.C. 

Bennett Dam began in 1968, the Peace River flows have been regulated to ensure peak energy 

generation during the winter months.  The March 2000 Dunvegan Hydro Project Hydrology and 

Hydraulics Report prepared by UMA Engineering Ltd. can be referenced for additional detailed 

hydrologic analysis. 

Return period discharges and proposed operational rule curves for the Dunvegan Project that 

were utilized in the current 2-D numerical modelling analysis were provided by CPL and are 

presented in the July 2002 Technical Report.  Weekly 10% exceedance discharges for the Peace 

River at Dunvegan adopted for construction sequence modelling, also provided by CPL, are 

presented in Table A.1 on the following page. 

 

A.4 NUMERICAL MODELLING METHODOLOGY 

A.4.1 MODEL OVERVIEW 
The 2D numerical modelling study for the Dunvegan project utilized the RMA2 hydrodynamic 

model and extended from a location approximately 700 m upstream of the proposed project site 

to a location approximately 2000 m downstream (coincides with the location of the Highway 2 

Bridge).  The RMA2 hydrodynamic model is a depth-averaged finite element model which 

computes a solution of the Reynolds form of the Navier-Stokes equations for turbulent flows. 

The model was developed by Norton, King and Orlob (1973) of Water Resources Engineers, for 

the Walla Walla District, Corps of Engineers in 1973.  Further developments were carried out by 

King and Roig at the University of California, Davis.  Subsequent enhancements have been made 

by King and Norton, of Resource Management Associates (RMA), and by the Waterways 

Experimental Station (WES) Hydraulics Laboratory. 



nhc 

 

Dunvegan Hydroelectric Project  
2-Dimensional Numerical Modelling 
Technical Report– March 2003 A-4 

Maximum Mean Minimum 10% exceedance

1 Jan-01 1,993 1,515 774 1,830
2 Jan-08 1,975 1,530 783 1,846
3 Jan-15 2,078 1,468 637 1,878
4 Jan-22 1,880 1,457 653 1,748
5 Jan-29 1,959 1,451 505 1,740
6 Feb-05 1,881 1,471 551 1,797
7 Feb-12 1,998 1,485 632 1,861
8 Feb-19 1,903 1,390 605 1,825
9 Feb-26 2,049 1,338 557 1,836
10 Mar-05 2,078 1,355 533 1,806
11 Mar-12 1,882 1,334 510 1,684
12 Mar-19 1,924 1,353 508 1,843
13 Mar-26 2,126 1,359 565 1,842
14 Apr-02 2,300 1,429 548 1,837
15 Apr-09 2,474 1,541 605 2,148
16 Apr-16 2,867 1,693 714 2,371
17 Apr-23 3,741 1,935 900 2,659
18 Apr-30 3,496 1,857 769 2,645
19 May-07 3,137 1,884 772 2,567
20 May-14 3,270 1,976 957 2,476
21 May-21 3,251 1,945 822 2,463
22 May-28 3,536 2,054 793 2,533
23 Jun-04 3,791 2,026 614 2,749
24 Jun-11 4,893 2,153 782 3,266
25 Jun-18 3,202 1,849 821 2,444
26 Jun-25 3,341 1,680 671 2,427
27 Jul-02 3,427 1,624 739 2,113
28 Jul-09 4,563 1,553 778 2,040
29 Jul-16 3,783 1,594 695 2,319
30 Jul-23 2,533 1,404 723 2,060
31 Jul-30 3,457 1,374 727 1,884
32 Aug-06 4,683 1,290 580 1,664
33 Aug-13 3,414 1,152 527 1,586
34 Aug-20 3,583 1,234 546 1,580
35 Aug-27 2,289 1,195 599 1,623
36 Sep-03 2,761 1,178 532 1,553
37 Sep-10 2,353 1,314 454 1,890
38 Sep-17 2,523 1,369 659 1,773
39 Sep-24 2,166 1,323 649 1,726
40 Oct-01 1,859 1,354 706 1,729
41 Oct-08 1,890 1,402 894 1,796
42 Oct-15 2,499 1,472 1,002 1,896
43 Oct-22 2,163 1,474 891 1,854
44 Oct-29 2,039 1,475 970 1,737
45 Nov-05 2,097 1,507 748 1,854
46 Nov-12 2,093 1,488 634 1,799
47 Nov-19 2,029 1,533 877 1,831
48 Nov-26 2,009 1,583 824 1,899
49 Dec-03 1,966 1,608 948 1,917
50 Dec-10 2,020 1,601 1,012 1,937
51 Dec-17 2,154 1,616 705 1,967
52 Dec-24 2,031 1,501 606 1,863

Discharge m3/sStartingWeek

Dunvegan Bridge Highway 2 Crossing
Peace River Weekly 10% Exceedance Flows

Table A.1

2-D NUMERICAL MODEL
NUMERICAL AND PHYSICAL MODEL STUDIES

DUNVEGAN HYDROELECTRIC PROJECT
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There were four major steps taken in predicting the flow conditions using the 2D hydrodynamic 

model.  First, the channel characteristics, including bed topography and instream structures, were 

defined based on contour bathymetry and project design drawings provided by CPL.  Second, a 

computational mesh for each channel configuration (pre-project, post-project and the various 

construction sequencing phases) was generated.  Third, using the pre-project computational 

mesh, the model was run and the flow conditions were calibrated to the observed and predicted 

water surface profiles presented in the March 2000 Dunvegan Hydro Project, Hydrology and 

Hydraulics Report prepared by UMA Engineering Ltd.  Finally, the calibrated roughness and 

eddy viscosity values were incorporated into the post-project and construction sequencing 

meshes and steady-state flow conditions along the river channel were computed for each 

geometry. 

 

A.4.2 CHANNEL GEOMETRY 
The riverbed bathymetry required for numerical modelling was adopted from the information 

provided by CPL.  As noted above, the channel geometry was simulated over a 2.7 km long 

reach of the river, beginning approximately 700 m upstream of the proposed project site.  

Additional drawings representing the various stages of construction were also provide by CPL 

and are presented in Appendix B.  The numerical model pre-processor software, SMS, was able 

to incorporate information from these drawings in developing the computational meshes. 

 

A.4.3 MESH GENERATION 
Once the channel geometry had been defined, the next step was to generate computational 

meshes required by the numerical model.  These files, defining the spatial and hydraulic 

characteristics of the channel bed as a series of nodes and elements, were created using SMS. 

A series of computational meshes were defined as part of this study.  The following list presents 

the meshes developed for the construction sequence numerical modelling: 

- Stage 1 Mesh: includes site preparation and river bank work conducted along the 
banks above the 10% monthly exceedance flood levels.  The pre-project 
computation mesh developed for the flow modelling presented in the July 2002 
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Technical Report was adopted for the Stage 1 modelling. Construction of the v-
baffle ramp fishways, located on either bank of the Project, will be completed 
during the first stage to allow for passage of upstream migrants during the later 
stages of construction.  The mesh covered the full 2.7 km river reach, as shown in 
Figure A-1. 

- Stage 2 Mesh (Figure A-2): includes a no-flow boundary representing the sheet 
pile cofferdam surrounding the spillway piers and apron construction extending 
from the left bank. 

- Stage 3 Mesh (Figure A-3): includes the no-flow boundary present in Stage 2 plus 
a second no-flow boundary extending from the right bank representing the sheet 
pile cofferdam surrounding Powerhouse Units 1 to 10. 

- Stage 4 Mesh (Figure A-4): includes a no-flow boundary representing the sheet 
pile cofferdam surrounding Powerhouse Units 11 to 20.  The cofferdams 
surrounding both the spillway apron and Powerhouse Units 1 to 10 have been 
removed.  Flow is able to pass over the concrete spillway apron and, if required, 
through the Submerged Fish Sluice 1.   

- Stage 5 Mesh (Figure A-5): includes a no-flow boundary representing the sheet 
pile cofferdam surrounding Powerhouse Units 21 to 30.  The cofferdam 
surrounding Powerhouse Units 11 to 20 has been removed.  Flow is able to pass 
over the concrete spillway apron and, if required, through the Submerged Fish 
Sluices 1 to 3.   

- Stages 6 to 9: Flow conditions associated with the constrictions present during 
Stages 6 through 9 impacted the stability and reliability of the 2D numerical 
model.  Flow through the partially completed structure was modelled using the 
equations presented in Section A.4.4. 

 

The total number of nodes in the construction sequence meshes ranged from 25,427 nodes and 

9,102 elements to 28,304 nodes and 9,995 elements.  As illustrated in Figures A-1 to A-5, the 

amount of detail associated with each mesh varies depending on the amount of detail required to 

define specific channel characteristics.  For example, the relatively uniform areas of the river, 

including the centre of the channel, require fewer nodes when compared to areas having more 

substantial variations in the bed topography, such as along the channel banks and in the vicinity 

of the instream structures. 



nhc 

 

Dunvegan Hydroelectric Project  
2-Dimensional Numerical Modelling 
Technical Report– March 2003 A-7 

A.4.4 BOUNDARY CONDITIONS 
The inflow and outflow boundaries were defined for each modelled reach of the Peace River at 

the same time as developing the computational meshes.  The upstream boundary conditions were 

set as steady state inflow discharges while the downstream boundary conditions were defined as 

either steady state outflow discharges or fixed water surface elevations.  Inflow and outflow 

boundary conditions were adopted from data provided by CPL, as listed in Table A.1.  Modelled 

flow conditions represent calculated 10% exceedance weekly discharges along the Peace River at 

Dunvegan (at the Highway 2 Bridge).  The highest calculated discharge expected during the 

appropriate construction season was adopted.  Inflows from Hines Creek, which enters the Peace 

River approximately 900 m downstream from the project, have not been considered in this 

analysis. The boundary conditions for each stage of construction are described below. 

 

Construction Stage 1 – The first construction stage involves the staging and preparation work.  

Although there is minimal instream activity prior to the placement of the spillway cofferdam, 

support structures and walkways are required for the staging effort.  For this stage in the 

construction sequence the pre-construction mesh was adopted.  The inflow boundary was aligned 

perpendicular to river centreline approximately 700 m upstream of the Project as a steady state 

river discharge.  A discharge of 3,266 m3/s was adopted as a high flow condition during the 

staging efforts originally scheduled for June 2004.  The outflow boundary was also set 

perpendicular to the river centreline, located near the right (south) bridge abutment at the 

Dunvegan Highway 2 Bridge crossing, approximately 2000 m downstream of the project site.  

The outflow boundary was defined as a fixed water surface elevation and set in accordance with 

the published stage-discharge curve for the Water Survey of Canada (WSC) Gauge 

No. 07FD003, Peace River at Dunvegan Bridge. 

 

Construction Stage 2 – Between July and November 2004 a cofferdam around the spillway apron 

and piers will be in place.  The upstream inflow and downstream outflow boundaries were set 

along the same transects as were defined for the pre-construction modelling effort.  The inflow 

boundary was set as a steady state river discharge of 2,319 m3/s approximately 700 m upstream 

of the Project, and the outflow boundary was set as a fixed water surface elevation of 341.19 ft at 

the Highway 2 Bridge crossing.  A no-flow boundary representing the flow barrier created by the 

cofferdam around the spillway construction site protruded from the left (north) bank. 
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Construction Stage 3 – The third construction stage represents the start of the powerhouse and 

fishway sluice construction. Between August and November, 2004 a cofferdam will extend from 

the right (south) shoreline isolating the construction area for Powerhouse Units 1 through 10.  

During Stage 3 the cofferdam around the spillway apron and piers required for the Stage 2 

construction will remain intact. 

 

The upstream inflow and downstream outflow boundaries were set along the same transects as 

were defined for the pre-construction modelling effort.  The inflow boundary was set as a steady 

state river discharge of 3,266 m3/s approximately 700 m upstream of the Project, and the outflow 

boundary was set as a fixed water surface elevation of 342.03 ft at the Highway 2 Bridge 

crossing.  A no-flow boundary was defined around Powerhouse Units 1 through 10 adjacent to 

the south shore representing the cofferdam required for this stage of construction. 

 

Construction Stage 4 – Between April and July 2005 the cofferdams used to isolate the spillway 

apron and Powerhouse Units 1 to 10 will be removed and a cofferdam isolating the construction 

area for Powerhouse Units 11 through 20 will be installed.  Once the cofferdam has been 

removed around Units 1 to 10, the completed Submerged Fish Sluice 1 will be able to pass flow 

through the structure, if required. 

 

The upstream inflow and downstream outflow boundaries were set along the same transects as 

defined for the pre-construction modelling effort.  The inflow boundary was set as a steady state 

river discharge of 3,266 m3/s at a location 700 m upstream of the Project, and the outflow 

boundary was set as a fixed water surface elevation of 342.03 ft at the Highway 2 Bridge 

crossing.  Additional flow boundaries were defined along both the upstream and downstream 

limits of the completed powerhouse (Units 1 through 10) and Fish Sluice 1.  These boundaries 

represented flow diverted through completed sluiceway structure.  A no-flow boundary 

representing the flow barrier created by the cofferdam was defined around Powerhouse Units 11 

through 20. 
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Construction Stage 5 - Between June and July, 2005 the cofferdam used to isolate Powerhouse 

Units 11 to 20 will be removed and a cofferdam isolating the construction area for Powerhouse 

Units 21 through 30 will be installed.  Once the cofferdam has been removed around Units 11 

to 20, the completed Fish Sluices 1 to 3 will be able to pass flow through the structure (if 

required). 

 

The upstream inflow and downstream outflow boundaries were set along the same transects as 

defined for the pre-construction modelling effort.  The inflow boundary was set as a steady state 

river discharge of 3,266 m3/s 700 m upstream of the Project, and the outflow boundary was set as 

a fixed water surface elevation of 341.17 ft at the Highway 2 Bridge crossing.  Additional flow 

boundaries were defined along both the upstream and downstream limits of the completed 

powerhouse (Units 1 through 20) and Sluices 1 through 3.  These boundaries represented flow 

diverted through completed sluiceway structure.  A no-flow boundary representing the flow 

barrier created by the cofferdam was defined around Powerhouse Units 21 through 30. 

 

Construction Stage 6 - Between July and August, 2005 the cofferdam used to isolate Powerhouse 

Units 21 to 30 will be removed and a cofferdam isolating the construction area for Powerhouse 

Units 31 through 40 will be installed.  During Construction Stage 6 the majority of the river flow 

will pass between the completed spillway piers.  Fish Sluices 1 to 5 will be able to pass flow 

through the structure. 

 

Construction Stage 7 - In September 2005 the cofferdam used to isolate Powerhouse Units 31 to 

40 will be removed and two of the seven spillway bays will blocked using bulkheads located 

near both the upstream and downstream ends of the spillway piers. Bulkheads isolating Spillway 

Bays 1 and 2 are necessary for the installation of the spillway crest in these bays.  During 

Construction Stage 7 the majority of the river flow will pass through the five remaining 

unfinished spillway bays.  In addition, all fish sluices will be able to pass flow. 
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Construction Stage 8 - In October 2005 the bulkheads used to isolate Spillway Bays 1 and 2 will 

be removed and Spillway Bays 3 and 4 will blocked.  During Construction Stage 8 the majority 

of the river flow will pass through the three remaining unfinished spillway bays (Bays 5 – 7).  

During flood events flow will also pass over the completed spillway crest in Bays 1 and 2 and 

through the fish sluices. 

 

Construction Stage 9 - In November 2005 the bulkheads used to isolate Spillway Bays 3 and 4 

will be removed and Spillway Bays 5 to 7 will blocked.  During Construction Stage 9 the 

majority of the river flow will pass over the completed spillway crests in Bays 1 to 4 and through 

the fish sluices. 

 

Construction Stages 6 through 9 - In simulating the flow conditions associated with the 

configurations present during Construction Stages 6 through 9 it was found that the high Froude 

numbers generated through the partially completed spillway bays and sluices impacted the 

stability and reliability of the 2D numerical model.  For this reason flow patterns in the vicinity 

of the structure during Construction Stages 6 though 9 were not calculated using the model.  

However, tailrace water surface elevations were calculated using the 2D numerical model using 

the computational mesh developed for the pre-construction modelling.  Downstream water 

surface elevations presented in Table A.2 were calculated using the 2D model under the 

appropriate flow condition for Stages 6 through 9.  Flow distribution through the partially 

completed structure was calculated using the following equations: 

 
- Forebay water surface elevation (Stages 6 to 8) 

 

2g
V

2g
)VV(

2g
V

)C(C WSE WSE
2
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22

Exit
PEtwfb −

−
+⋅++= twExit ................................1) 

 
   where, WSEfb = forebay water surface elevation 

WSEtw = tailwater water surface elevation (calculated using the 2D 
numerical model)  
CE = entrance headloss coefficient = 0.6 
CP = pier headloss coefficient = 0.1 
VExit = velocity of the jet as it enters the stilling basin 
Vtw = mean channel velocity 500 m downstream of the Project 

(calculated using the 2D numerical model) 
Vfb = mean channel velocity upstream of the Project 
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- Flow through the fish sluices using a standard orifice equation (Stages 6 to 9) 
 

h2gnCA  Qsf ∆= .......................................................................................................2) 
 

   where, Qsf = fish sluice discharge 
    n = number of operational sluiceways 

C = orifice coefficient (C = 0.8) 
    A = sluiceway entrance area (2.5 m by 2.8 m) 
    Dh = total head drop between the forebay and tailrace 
 

- Flow over the completed spillway crest using a standard spillway equation 
(Stages 8 and 9) 

 
2

3

s CLH  Q = ................................................................................................................3) 
 

   where; Qs = spillway flow 
C = spillway crest coefficient (C = 2.0) 
L = length of operational spillway crest (1 spillway bay = 14.3 m 

of operational spillway length) 
H = total head over the spillway crest (gate fully down) 

 

Equations 1) to 3) were solved iteratively resulting in the predicted flow distribution through the 

Project and upstream water surface elevations.  The procedure involved assuming a discharge 

passing around the completed section of the powerhouse.  Knowing the downstream water 

surface elevation, calculated using the 2D numerical model, the upstream water surface elevation 

was then determined using Equation 1).  Discharge through the completed low level sluices was 

then calculated and, if the water surface was above the completed spillway crests (Stage 8 and 9), 

discharge over the spillway was calculated.  If sum of all three discharges equal the total river 

flow the iteration was complete.  However, if the sum of the discharges was greater than the total 

river flow the iteration continued assuming a lower discharge around the complete section of the 

powerhouse.  Conversely, if the sum of the discharges was less than the total river flow the 

iteration continued assuming a higher discharge around the completed powerhouse.  The 

resulting flow distributions provided information from which velocities and water surface depths 

were calculated using the basic principle of continuity.  To verify the acceptability of these 

equations, they were used to calculate flow distributions for the earlier Construction Stages and 

compared to the 2-D modelling results.  The results are presented in Table A.2 (following page). 
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A.5 MODEL RESULTS 

A.5.1 VELOCITIES AND WATER SURFACE PROFILES 
Velocities and water depths were calculated for the nine specified construction sequences to 

illustrate the predicted flow patterns for the various stages of construction.  Figures A-6 to A-10 

present the calculated velocities and water depths for the five construction sequences simulated 

using the RMA2 numerical model and Table A.2 presents the calculated water surface elevations 

immediately upstream and downstream of Project for all nine construction stages.  Each figure 

includes a highlighted contour, on both the velocity contour map (upper figure) and the water 

surface elevation contour map (lower figure) indicating the location of the 1 m/s velocity 

contour.  The 1 m/s velocity contour along each bank of the river defines the zone of the river 

where upstream migrating fish are expected to concentrate. 

 

Upstream 
Discharge 

(m3/s)

Downstream Water 
Surface Elevation  (m) 

Open Channel Sluices Spillway Upstream Downstream Upstream Downstream 

1 3,266 342.03 3,266 0 0 - - - - 0

2 2,319 341.19 2,319 0 0 342.2 342.0 342.2 342.0 0

3 1,896 340.74 1,896 0 0 341.8 341.6 341.7 341.6 0

4 3,266 342.03 3,238 28 0 342.9 342.7 343.2 342.8 0
5 3,266 342.03 3,170 96 0 343.2 342.7 343.5 342.7 0

6 2,319 341.19 2,294 135 0 342.8 341.8 - 341.9 0

7 1,890 340.74 1,694 196 0 343.1 341.7 - 341.7 0
8 1,896 340.74 1,481 315 100 345.4 341.7 - 341.7 0

9 1,899 340.75 0 448 1,128 348.4 341.7 - 341.7 323

Note: 1) Water surface elevations calculated iteratively using equations 1), 2), and 3)

Water Surface Elevation
Construction Sequence Model Results

Construction 
Sequence

Table A.2

Flow Required to Pass 
Through Turbine Bays 
During Construction to 
Maintain a Water Level 

Below 348.4 ft

Flow Boundaries                                           
m3/s

Reach Boundaries

2D Numerical Model

Water Surface Elevation at the Project (m)

Calculated1

 

 

In general, the predicted flow patterns and water depths appear to agree well with hydraulic 

engineering principles.  As construction progress through the nine stages the constriction to the 

river channel increases generating increased water surface elevations and decreased velocities 

upstream of the Project and accelerated velocities immediately downstream of the Project.  

Velocities approach 5.3 to 8.1 m/s during Construction Stages 7 and 8 immediately downstream 

of the spillway piers. These high velocities may affect the stability of the riprap apron placed 

downstream of the partially-completed spillway stilling basin. 
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Prior to Construction Stages 4 to 9, the civil work for a number of powerhouse units will have 

been completed.  These units will be able to pass flow if the Peace River passes an extreme flood 

event.  Based on the 10% weekly exceedance design flows it is not expected that the powerhouse 

will be required to pass flow during Construction Stages 4 to 8.  However, the powerhouse units 

may be required to pass up to 550 m3/s during Stage 9 to maintain a forebay water surface 

elevation below 348.4 m during the maximum 10% weekly exceedance flow condition. 

 

The numerical model demonstrates that the flow patterns and river velocities at the location of the 

Dunvegan Highway 2 Bridge will be virtually unchanged from the existing conditions. As a 

result, it can be concluded that the potential for scour at the bridge will also be unchanged. 

 

A.5.2 FISH MIGRATION 
The construction sequence results demonstrate that the impacts on river currents and flow depths 

are most pronounced upstream of the Project.  In this reach of the river, there is an overall 

decrease in the magnitude of the river currents and increase in the flow depth.  This translates to 

a substantial increase in the width of the 1 m/s migration corridor, thus upstream fish migration 

above the Project will be unhindered. 

 

Flow velocities across the structure and immediately downstream increase as flow accelerates 

through the constricted channel.  However, these high velocities are limited to an area 

immediately downstream from the constriction.  A migration corridor (velocities below 1 m/s) 

downstream of the construction site remains along both banks.  The output of the model 

demonstrates that during Construction Stages 2 to 5 areas of low velocity extending up to the 

entrances to the fishway structures exist on both banks, therefore the migration corridor 

connectivity is retained. It should be noted that the numerical model has not attempted to 

simulate the geometry of the guide wall structures that are presently planned for construction at 

the downstream end of each fishway ramp.  As a result, the alignment of the 1 m/s migration 

corridor contour immediately downstream of the project as shown on Figures A-6 to A-10 is 

likely closer to the shoreline than the conditions that would be expected in the field. 



nhc 

 

Dunvegan Hydroelectric Project  
2-Dimensional Numerical Modelling 
Technical Report– March 2003 A-14 

Recirculating currents are present downstream from the Project for each of the modelled stages.  

Figures A-7 through A-10 show that size of the recirculating zone, or eddy, increases as 

construction extends farther into the river.  During the later stages of construction the re-

circulation extends beyond right bank fishway entrance.  It is difficult to determine the influence 

these flow patterns may have on fish migration behaviour and efficiency of passage due to the 

relatively short time that they persist during the construction period.  However, operation of the 

fish ramp and potential operation of bypass sluice should give adequate opportunity for passage 

around the site.   

 

Although it was not possible to use the RMA2 model to compute the expected flow patterns for 

Construction Stage 6 to 9, it is expected that the high velocity jets predicted for Stages 6 to 9 will 

dissipate in a manner similar to that illustrated for Stages 4 and 5 (Figures A-9 and A-10).  This 

should provide an uninterrupted migration corridor along the left (north) bank, while the 

relatively small discharge volume passing through the completed fish sluices will ensure a wide 

corridor along the right (south) bank.  Figures A-7 to A-10 illustrate that the migration corridor 

along the right bank disappears at the streamward edge of the most recently constructed 

cofferdam.  However, velocities approaching the south fishway ramp entrance are within the 

1 m/s contour.  The corridor along the left bank are reduced to small widths at the Project, but 

not likely to widths less than those experienced immediately upstream on the left bank or 

downstream on the right bank  More importantly, connectivity and potential access to the 

fishway ramps should not be impacted.  

 

A.6 SUMMARY AND CONCLUSIONS 
The RMA2 two-dimensional numerical model was utilized to study the potential impacts 

construction of the proposed Dunvegan Hydroelectric Project could have on flow patterns and 

river currents upstream and downstream of the Project site.  Of particular importance was the 

prediction of the location of the fish migration corridors along each bank of the river, which 

based on previous studies, are defined as the zone of the river where velocities are less than 

1 m/s where upstream migrating fish are expected to concentrate. 
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The model was used to predict flow velocities and water depths along a 2.7 km reach of the river 

during Project construction. The construction sequence results demonstrate that the impacts on 

river currents and flow depths are most pronounced upstream of the Project where there will be 

an overall decrease in the magnitude of the river currents and increase in the flow depth.  This 

translates to a substantial increase in the width of the 1 m/s migration corridor. Thus, upstream 

fish migration above the Project will be unhindered. 

 

The model also indicates that flow velocities across the partially-completed structure and 

immediately downstream increase as flow accelerates through the constricted channel opening.  

These high velocities are limited to an area downstream from the constriction and are not 

expected to have a significant impact on the migration corridors farther downstream.  Although 

the migration corridors (velocities below 1 m/s) disappear at the narrowest section and migration 

corridor widths are reduced in close proximity to the project site, access to fishway ramps on 

both banks should remain unimpeded. 

 

The high velocities predicted during the later stages of construction may affect the stability of the 

rock riprap placed downstream of the partially-completed spillway stilling basin.  However, the 

numerical model demonstrates that the flow patterns and river velocities at the location of the 

Dunvegan Highway 2 Bridge will be virtually unchanged from the existing conditions. As a 

result, it can be concluded that the potential for scour at the bridge will also be unchanged. 
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