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1 Background 
Glacier Power Ltd. (Glacier) proposes to construct a low head, run-of-river hydroelectric 
facility across the Peace River near Dunvegan, Alberta. The low head aspect of the 
project offers the opportunity of providing safe fish passage across the headworks 
structure that is not available with larger, high head hydroelectric facilities. In Glacier’s 
original submission to regulatory agencies, upstream and downstream fish passage design 
included a fishway for upstream passage on each bank of the river. Downstream passage 
was provided by the spillway and/or through the turbine units.  
 
Although the turbine design is a relatively fish friendly design by comparison to other 
turbine designs, the issue of mortality due to entrainment into the turbines and 
impingement against the trash racks was not accepted by regulatory agencies as an 
acceptable mitigation solution. There were additional issues related to fish-specific 
hydraulics of the proposed fishways. As a result, the regulatory agencies requested that 
Glacier initiate a hydraulic scale modelling program, initiated in November 2000.  
 
Numerical and physical hydraulic modelling have been undertaken by northwest 
hydraulic consultants ltd. (nhc), on behalf of Glacier, with technical support from 
Canadian Projects Ltd (CPL) and full cooperation from both Fisheries and Oceans 
Canada (DFO) and Alberta Sustainable Resource Development (ASRD). The focus of the 
hydraulic modelling has been to provide effective, safe, and efficient fish passage at the 
project site. 
 
The work conducted to date has been comprehensive and innovative in the efforts to 
provide effective passage for relatively weak-swimming freshwater species in a large 
river setting. The modelling work was undertaken for several reasons including: 
 

• The commitment by Glacier to provide fish passage was fundamental to the 
project design and an underpinning to the company’s commitment to sustainable 
resource development and low impact hydro development philosophy, and, 

• There are no fishways in operation that are designed for the fish species known to 
occur in the Peace River such as goldeye, walleye, burbot, and northern pike, as 
well as several non-sport fish species. As such, the reliability and effectiveness of 
traditional fish passage technologies were undocumented. As a result, DFO and 
ASRD requested hydraulic modelling to confirm and prove out design concepts. 

 
A comprehensive modelling and testing program has been undertaken since 2000 
including two-dimensional numerical modelling and scale physical modelling that has 
examined pre and post-project flows, hydraulic structure design and operations, detailed 
depth and velocity measures and flow patterns with flow conditions ranging from a 95% 
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exceedance flow to flows in excess of the 200-year event.  Three physical scale models 
were constructed including a Ramp Fishway Model (to test various substrates and 
pool/riffle configurations for upstream fish passage), Right Bank Section Model (to test a 
variety of intake, trash rack, sluices for downstream fish passage, and ramp fishway 
attraction flows; and a Left Bank Model primarily to test ramp fishway attraction flows. 
 
A series of technical reports were published on each element of the modelling program, 
including the numerical modelling, the ramp fishway physical model and the right and 
left bank section physical models. Initially, all models were built, tested, and evaluated 
using criteria provided by DFO and additional design criteria developed based on fish 
swimming capability. As the testing program advanced, additional criteria and objectives 
were used to resolve questions and concerns as they arose. This document summarizes 
the modelling program from start to finish and provides a chronology of tests and 
decisions, as the program has progressed. 

2 Program Objectives 
The purpose of the mitigation strategy is to facilitate upstream and downstream fish 
passage to ensure the long-term viability of fish populations. The objectives of the 
downstream component of the strategy are to exclude the adult component of the fish 
population (> 300 fork length) from entrainment, to minimize the potential for 
impingement against the trash racks, and to allow fish smaller in length to pass through 
the trash racks and turbine units. It is assumed that these fish would have a relatively high 
(>95%) survival rate. The objectives of the upstream component of the strategy are to 
provide effective passage conditions for fish >150 mm in length The overall objectives of 
the hydraulic modelling program were to design and test proposed fish passage structures 
in an adaptive management framework to arrive at the best practical solution to provide 
safe (minimal mortality) upstream and downstream passage with ideal hydraulics and 
highest efficiencies. More specifically, the modelling program objectives were to: 
 

• Design and test upstream fish passage alternatives using criteria provided by 
regulatory agencies, specifically DFO, and fish swimming capabilities based on 
available literature for the species of interest; 

• Design and test downstream fish passage alternatives against criteria acquired 
from the literature with respect to passage through the turbines and over the 
spillway, swim capabilities, and guidance flows; and, 

• Integrate technically-feasible and adaptive plant operational scenarios into the 
modelling program.  
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3 Rationale 
The development of detailed, comprehensive rationales for upstream and downstream 
fish passage is intended to guide, focus and facilitate development of the final design of 
the fish passage structures through a combination of hydraulic design and physical 
modelling. Completion and implementation of the fish passage rationale is intended to 
assist regulatory agencies in their assessment of project effects and the preparation of 
approvals and authorizations for the Project. 
 
Initial guidance was provided by DFO regarding specific goals of the physical model 
testing, and they are appended to this report. Meetings with DFO engineers and 
biologists, as well as ASRD biologists, have also identified that hydraulic criteria 
developed for the Dunvegan Hydro Project should: 
 

• be flexible in order to model (represent) different scenarios (e.g. adaptive), 
• be conservative due to the advanced nature of the proposed fish passage facilities 

(e.g. low risk), and 
• reflect the need to pass as wide a range of size-classes and species of fish in order 

to maintain long-term viability of the fish communities in the project area. 
 
Physical modelling was a fundamental component in development of the fish passage 
rationale. Firstly, it confirms the hydraulic design criteria and assumptions prior to the 
final design and construction of the facility, and secondly it provides a high level of 
confidence for the regulators in the hydraulic performance of the structure with respect to 
fisheries issues. Several objectives were adhered to throughout the model testing 
programs to guide the design, modelling, and implementation of the fish passage 
facilities. These objectives are: 
 

• Ecohydraulic Criteria 
design hydraulics were based on conservative assumptions including: swimming 
capabilities, habitat preferences, and migration of the fish species based on 
literature, existing fish baseline data, results of fish migration studies, professional 
experience, and rational judgement. 

• Migration Connectivity 
the designs provide multiple, safe fish migration pathways with suitable hydraulic 
conditions – either upstream or downstream – through or around the project. 

• Positive Hydraulic Gradients 
the hydraulic conditions should provide well distributed flows in a positive 
downstream direction through the range of project operations with minimal dead 
spots (low or no velocity)., potential fish traps (i.e., eddies, snyes, etc.), and are 
designed to minimize potential fish losses and inefficiencies. 
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• Adaptive 
fish passage structures should be capable of providing fish passage through a 
range of operational hydraulic conditions and range of potential inflows (e.g. 5% - 
95% exceedance inflows). 

• Representative 
the physical designs and modelling testing should be representative of structures 
and technically viable operating conditions, and these features must be fully 
functional and inherently constructible. 

• Contingency 
the designs should accommodate contingency actions – as described in the 
adaptive operations and management strategy – to provide safe effective fish 
passage as required. 

• Independent Evaluation 
independent design, testing and assessment of the passage requirements was 
based on the best available information and professional judgement. 

 
The rationale was structured to provide pertinent information regarding the design 
objectives and criteria used in the modelling. This includes the ecohydraulic and 
engineering design criteria that guided the design and testing programs. It also tracks the 
design changes, reasons behind each variation, and adaptation in the both the proposed 
design and model. The summary provides and overview of the proposed design as 
modelled, or modifications or additional work required to address deficiencies and 
finalize the design.   

4 Fish Passage Structures 
The predominant fisheries issues related to the design and operation of the Project to be 
addressed in the design criteria and the physical model testing were upstream fish 
migration and passage, and fish exclusion from the hydro turbine units and 
safe downstream fish passage through or over the dam. The fish passage facilities that 
have been designed and modelled for the Project are illustrated in the attached figures and 
include the following: 
 
1. Two (2) ramp fishway structures (one on each bank) to accommodate upstream fish 

passage, each consisting of: 
 

• a ramp fishway (comprised of a series of pool/riffle sequences) with a headworks 
fishway (submerged orifice / slot fishway which controls flows and waters surface 
elevations for the downstream ramp fishway under a variety of water levels). The 
primary role of the fishway system is to provide passage from the dam tailwater 
area upstream past the project headworks structure to the headpond; 
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• an auxiliary water supply system (AWS) consisting of a nearby sluice and 10 
diffuser panels integrated into the downstream end of the ramp fishway floor. The 
AWS system provides velocity and flow control for the fishway entrance over a 
range of tailwater levels; and 

• a guidewall structure direct a portion of the tailwater flow towards the ramp 
fishway entrance to enhance attraction flows. The objective is to lead fish from 
the migration corridor (river margins) towards to the base of the ramp fishway. 
The guidewall structures were also positioned to mimic the natural flow 
conditions along the channel margins used by upstream migrating fish; 

2. Eight (8) fish exclusion racks, one in front of each set of five (5) turbine-generator 
units are provided across the upstream face of the powerhouse. These fish exclusion 
racks consist of tightly-spaced steel or plastic bar racks, inclined at 35 degrees to the 
horizontal. The racks exclude the adult portion of the fish population (> 300mm fork 
length) and provide guidance to the downstream fish passage conduits or sluices; 

3. Ten (10) 3.5 m wide fish passage sluiceways located between each set of five (5) 
turbine-generator units, between the powerhouse and the spillway, and next to both 
fishways on the right and left banks. The sluiceways facilitate downstream passage 
for fish that are excluded from the turbine intakes; and 

4. Seven (7) spillway bays connected to an ogee overflow spillway provide downstream 
fish passage during periods of high river flows in excess of the capacity of the plant 
and other passage structures. 

5 Modelling Program 
The study of fish passage hydraulics was conducted through a combination of numerical 
and physical modelling that determined both near and far field hydraulics along each 
bank of the river, over and past the project  This work included studies to examine 
upstream and downstream passage conditions. 
 
First, the downstream approach hydraulics were examined through numerical modelling. 
Approach hydraulics were independent of the relative operations of the fish passage 
structures at each bank but influenced by the magnitude and location of bulk flows 
released from the project as well as the shape and configuration of the downstream 
channel. Given the scale and criteria for analysis, numerical modelling was used 
exclusively, and conducted for both banks using similar methods and data. Additional 
numerical modelling was used on the left bank to corroborate model data and provide 
calibration for the section model due to the unique conditions imposed by the Hines 
Creek alluvial fan.  
 
Second, the through-structure hydraulics of the ramp fishway and inlet control fishway 
are discussed as they operate relatively independent of the hydraulic structures that 
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control far and near-field conditions. Results of the detailed ramp modelling are 
applicable to either bank of the project.  
 
Third, studies also included initial investigations into the use of a guidewall to control 
and modify downstream hydraulics and provide a sufficient and reliable fish migration 
corridor downstream of the project over the range of expected operating conditions. The 
section on guidewall hydraulics describes the work undertaken to refine the initial 
concept to the final development design. Operational studies were undertaken in the 
development of both the left and right bank section models, and incorporated ramp flows, 
fish sluice and auxiliary water supply operations to provide optimum fish attraction and 
migration hydraulics utilizing the now standard guidewall configuration.  
 
Fourth, the near field hydraulics immediately downstream of the ramp fishway were 
initially investigated by means of the left and right bank physical section models. The 
initial right bank model was also the platform for proving out the guidewall hydraulics, as 
well as the auxiliary water supply - upwelling panel diffusers in the base of the ramp 
fishway and nearby fish sluice - and coordinated operation of the generation units, AWS, 
guidewall and ramp fishway. The left bank section model utilized the same standard 
guidewall, sluice and AWS design, but a different set of operational flows in each fish 
passage structure was required in order to provide suitable fish passage conditions for the 
left bank. Because the hydraulic conditions at each bank are relatively independent of 
each other, the description of fish passage operations in the rationale are separated into 
left and right bank operations in the report.  
 
Finally, the downstream conditions and structure used to provide downstream fish 
passage are discussed. These studies were undertaken throughout the modelling program 
in conjunction with upstream passage studies. The list of physical and numerical studies 
conducted by nhc for the Dunvegan Project for Glacier Power program are listed below: 
 

1. Dunvegan Hydroelectric Project 2-Dimensional Numerical Modeling Technical 
Report, Report to Glacier Power Limited and Canadian Projects Limited, March 
2003.   

2. Dunvegan Hydroelectric Project Ramp Fishway Hydraulic Model Study Final 
Report, Report to Glacier Power Limited and Canadian Projects Limited, April 
2003.   

3. Dunvegan Hydroelectric Project Right Bank Section Model Technical Report, 
Report to Glacier Power Limited and Canadian Projects Limited, May 2003. 

4. Dunvegan Hydroelectric Project Right Bank Section Addendum to Technical 
Report, Report to Glacier Power Limited and Canadian Projects Limited, 
December 2003. 
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5. Dunvegan Hydroelectric Project Right Bank Section Addendum No. 2 to 
Technical Report, Report to Glacier Power Limited and Canadian Projects 
Limited, July 2004. 

6. Dunvegan Hydroelectric Project 2-Dimensional Numerical Modeling Addendum 
to Technical Report, Report to Glacier Power Limited and Canadian Projects 
Limited, November 2004.   

7. Dunvegan Hydroelectric Left Bank Section Model Addendum No. 3 to Technical 
Report, Report to Glacier Power Limited and Canadian Projects Limited, 
December 2004.   

6 Ecohydraulics 

6.1 Fish Movement and Migration 

Several species of interest utilize and inhabit the Peace River in and around the Project. 
These species are goldeye, walleye, mountain whitefish and burbot, in order of priority 
based on fisheries management objectives and migratory importance as determined by 
DFO and ASRD. Virtually all ecohydraulic criteria are based on generic fish features or 
abilities based loosely around swimming mode (species) and fish length. As such, species 
type, fork length, swimming performance data and habitat suitability information was 
used to determine criteria for upstream and downstream passage (e.g. design fish).  
 
With the exception of goldeye, the fish community in the project area primarily consists 
of benthic species – those that actively seek out physical cover as part of their habitat 
requirements. The combination of a relatively smooth channel bottom and relatively high 
velocities away from near shore channel margins areas of the Peace River likely provide 
minimal instream cover for holding, feeding, and rearing habitats for adult and juvenile 
fish in these areas. As such, it is assumed that both migratory and resident fish species at 
Dunvegan will use channel margins during either upstream and downstream movement.  
 
Assumptions related to fish migration corridors and movement strategies were confirmed 
through radio telemetry studies completed by Mainstream Aquatics Ltd. (2004, 2006). 
The following provides a summary of the major findings of those studies. 
 
Goldeye, walleye, longnose sucker and burbot utilize the channel margins as movement 
corridors (Figure 1). Goldeye showed a very strong attraction to the channel margin with 
no fish located more than 36 m from shore. Walleye were located an average of 28 m 
from the wetted edge. Longnose sucker and burbot were recorded somewhat farther from 
the river margins with an average distance from shore of 44 m and 37 m, respectively. A 
small number of fish were found a greater distance from the banks, but the primary trend 
was for fish to remain close to the channel margins.  
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Figure 1 Recorded Off-bank Location of Monitored Fish 
(Mainstream Aquatics, 2004) 
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Goldeye recorded in the Project area are migratory. The range of movement is large and 
encompasses approximately 500 km of the Peace River, which includes the section from 
the confluence of the Notikewin River to the Many Islands area. Although goldeye are 
migratory, not all fish move past the proposed Dunvegan facility during annual 
migrations. Upstream movements by goldeye through the Project area occur most 
frequently during the months of May and June. All goldeye in the Project area are adults. 
Movements into the Project area likely represent migrations to spawning sites or 
post-spawning migrations to feeding areas. Downstream movements by goldeye are more 
protracted. They occur most frequently between August and October, but the exact timing 
of downstream movements varies annually. 
 
Walleye recorded in the Project area are not migratory. Walleye typically distances of no 
more than 20 km. Some individuals do complete longer movements; therefore the overall 
range includes a 220 km section of the Peace River between the confluences of the 
Smoky River and the Pouce Coupe River. Movement patterns of walleye in the Project 
area are mixed. Upstream movements most often occur in from May to August. 
Downstream movements occur most often from October to December and during the 
months of May and June. These windows of represent movements to spawning areas and 
post-spawning dispersal to feeding sites (May to August), and a return to downstream 
overwintering sites (August to October).     
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Burbot recorded in the Project area are not migratory. Distances traveled typically do not 
exceed 20 km. The overall range of the burbot population encompasses a 126 km section 
of the Peace River from the Shaftesbury area to the Many Islands area. Burbot in the 
Project area follow a distinct seasonal pattern in timing and direction of movement. 
Downstream movements to spawning areas commence in November and peak in 
December and/or January. Movement direction is reversed during February, March, and 
April when fish move to post-spawning feeding areas. From May to October fish are 
sedentary and exhibit limited movement activity.  

6.2 Upstream Fish Movement 

Suitability and preferences for depth and velocity are variable among the fish species of 
interest. The document Washington Department of Fish and Wildlife, Fish Passage 
Design at Road Culverts, March 3, 1999 states that the minimum water depth for an adult 
trout greater than 150 mm in length is 250 mm. The Churchill rock ramp fishway used a 
target depth of 200 mm (Fishway Studies for the Lower Churchill River Water-Level 
Enhancement Project in Manitoba, Wang and Katopodis, 1999), and has successfully 
passed fish (North/South Consultants, 2001).  
 
In the original physical modelling criteria for fishway design (Section 12), DFO has 
requested a target depth of 500 mm (see attachments). Information suggests that the 
initial target depth of 500 mm is an optimum condition, and that fish passage could occur 
at shallower depths to 250 mm, if velocities were within acceptable limits. Velocity 
criteria are based on swimming performance as discussed below.  
 
Using biological data collected by RL&L Environmental Services Ltd. (2000) and 
Mainstream Aquatics Ltd. (2005), the design burst, prolonged swimming speeds and 
sustained swimming speeds for the fish species and size ranges influenced by the project 
were determined and presented in Table 1 (update based on 2004 data). The burst and 
sustained swimming speeds are derived from the reference document Ichthyomechanics. 
Working Paper, Katopodis, C. and R. Gervais, Department of Fisheries and Oceans 
Canada, 1991., where burst swimming speed have time < 10 seconds, prolonged 
swimming speed have 10 seconds < t < 30 minutes, and sustained swimming speeds have 
t > 30 minutes where t = time of swimming. 
 
Fish energetics and swimming performance is a function, predominantly, of swimming 
mode and body size (fork length). Based on the principle of providing effective upstream 
passage for the weakest fish of importance, a design fish – 150 mm fork length fish – was 
selected, and criteria was developed for model design and testing purposes.  
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Table 1 Fish Species, Body Sizes and Generalized Passage Requirements 

Fish Species 
Design 

Fork 
Length1

(mm) 

Fork Length 
Frequency2

Maximum 
Burst 

Swimming 
Speed3

(m⋅s-1) 

Prolonged 
Swimming 

Speed 
(m⋅s-1 

Sustained 
Swimming 

Speed 
(m⋅s-1) 

Minimum 
Water 
Depth4

(mm) 

Goldeye >300 100% 2.80 1.37 0.71 250 

Bull Trout >250 100% 2.47 1.25 0.64 250 

Walleye >200 97% 2.13 1.12 0.56s 250 

Mountain 
Whitefish >150 57% 1.75 0.97 0.48 250 

Flathead Chub >150 39% 1.75 0.97 0.48 250 

 
Table 2 provides the resulting burst, prolonged and sustained with maximum swimming 
distances and velocities associated with a 150 mm design fish using subcarangiform 
swimming mode in stillwater. Anguilliform mode fish present in the project area – 
northern pike and burbot – will have similar burst swimming characteristics (t < 10s). 
 

Table 2 Stillwater Swimming Velocities and Distances 

Time 
(seconds) 

Fish Velocity 
(m⋅s-1) 

Distance Swam
(m) 

Swimming 
Mode 

1 1.75 1.75 burst 

5 1.00 5.0 burst 

10 0.91 9.1 prolonged 

30 0.80 23.9 prolonged 

60 0.73 43.8 prolonged 

300 0.60 179.3 prolonged 

600 0.55 329.0 prolonged 

1800 0.48 861.4 sustained 

 
Against a particular water velocity, a fish will exercise a certain swimming mode and 
speed in order to move upstream during migration. The fish energetics, time to swimming 
exhaustion and swimming distance to lower velocity holding or resting habitat is critical 
                                                      
1 Design fork length represents expected minimum fork length of adult fish. 
2 Mainstream Aquatics Ltd. (2005). 
3 Based on a time of one second or approximately 12 FL swimming distance. 
4 Washington Department of Fish and Wildlife, Fish Passage Design at Road Culverts, March 3, 1999 
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in the design of hydraulic fish passage structures. Depending on the lay-out and design of 
the fish passage structure, a fish could transit the distance through it in a particular mode, 
or choose to utilize different modes and slower swimming speeds and rest in particular 
locations. Table 3 provides the maximum distance capable of being travelled prior to 
fatigue based on the data. Note that the data provides regressions based on average values 
– goodness-of-fit and coefficient of regression are expressed in the original data. 
Individuals within any population will have swimming performance greater or lesser than 
these values estimated.  
 

Table 3 Maximum Fish Swimming Distances 

Water Velocity  
(m⋅s-1) 

Maximum 
Distance (m) Swimming Mode 

0.25 none sustained 

0.50 31.6 prolonged 

0.75 1.8 prolonged 

1.00 0.8 burst 

1.25 0.5 burst 

1.50 0.4 burst 

1.75 0.3 burst 

2.00 - fail 

 
At low water velocities and sustained swimming speeds, a fish can swim for very long 
periods without fatigue. At moderate water velocities and prolonged swimming speeds, a 
fish can swim some distance but fatigue limits these distances. At high water velocities 
near the maximum burst speed of the fish, distances travelled are only 2-4 fork lengths 
before fatigue. These characteristics are important in the design of upstream fish passage 
structures where critical water velocities are high but short, or where the potential transit 
distance between resting areas relatively distant but at lower water velocities. 
 
In order to determine the difference between preferred attraction and critical fish passage 
hydraulics, the terms active and passive were developed.  Active conditions are those 
defined where fish are utilizing their active, burst or prolonged swimming mode which 
has an opportunity to induce fatigue in a fish (e.g. fish passage). Passive conditions are 
those where the action of swimming at speeds less that or equal to sustained speeds are 
not likely to induce fatigue (e.g. fish attraction or guidance). Active conditions are seen 
as limiting or critical hydraulic conditions (e.g. hydraulics through the baffles in the ramp 
fishway) whereas passive conditions are non-limiting and ideal (e.g. bulk approach flows 
downstream of the project in the mainstem Peace River).  
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Based on the expected swimming performance, habitat utilization and migration 
characteristics of the fish species, the following ranges of hydraulic conditions were 
developed for active and passive conditions these hydraulic criteria as they pertain to the 
design and modelling of the fish passage structures. Table 4 also identifies design target 
conditions that were identified as ideal or optimum in the design. 
 

Table 4 Fish Passage and Attraction Hydraulics 

Criteria / Condition 
Range of 
Velocities 

(m⋅s-1) 

Target Velocity
(m⋅s-1) 

Range of 
Depths 

(m) 
Target Depth 

(m) 

Active / Passage 0.5 – 0.9 0.7 0.25 – 0.5 0.50 

Passive / Guidance 0.3 – 1.0 0.5 0.5 – 2.5 > 0.5 

 
An important feature in the hydraulic design of many of the fish passage structures at the 
project is the expected variability and diversity in hydraulic conditions such that fish of 
different sizes and swimming abilities will be able to move upstream and downstream 
through the hydraulic structures without fatigue and complete their migrations. With 
proper design and testing, a gradient of velocities and depths are generated to provide 
multiple opportunities for passage.  

6.3 Downstream Fish Movement 

The ability of fish to find the entrances to the downstream passage systems proposed at 
Dunvegan is largely dependent on two factors: habitat preference and movement 
behaviour of downstream migrating fish. The fish community in the project area 
primarily consists of benthic species that seek out physical cover as part of their habitat 
requirements. The smooth channel bottom of the main channel of the Peace River 
provides minimal cover for fish, which suggests that fish use the channel margins as the 
primary habitat zone. However, the backwatering effect of the dam and relatively low 
approach velocities imply that fish may be distributed across the upstream face during 
downstream movements. As such, it is assumed that both migratory and resident fish 
species at Dunvegan could potentially be intercepted anywhere along the upstream face 
of the dam.  
 
Species that undertake rapid unidirectional downstream migration exhibit highly 
motivated movement. For these species, the motivation to move downstream will cause 
fish to actively seek a passage route past Dunvegan. Resident species that do not exhibit 
strong downstream movement tendencies may not actively seek out a passage route; but, 
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may be involuntarily entrained and passed if they move in close proximity to a hydraulic 
structure.  
 
Based on these assumptions of behaviour and habitat utilization, the location and 
positioning of the downstream fish passage elements must be flexible yet provide 
coverage respecting the potential locations of fish across the upstream face of the 
headworks structure.  
 
Based on the suspected habitat preference, a fish passage device should be located along 
each channel margin to maximize the probability of fish being able to access the 
entrance. As such, two fish passage sluices are located on each channel margin next to 
the proposed ramp fishways.  
 
The relatively low velocities in the headpond and the rack exclusion system results in the 
potential to have fish requiring passage located across the face of the headworks at 
several locations next to the power intake structures. Fish located in the water column 
next to the intake racks would encounter the entrainment flows of the fish passage 
sluiceway structures leading them to the conduits and downstream passage.  

7 Upstream Fish Passage 
Upstream fish passage facilities at the project will be provided on the basis that they 
provide opportunities and conditions for effective, efficient upstream passage for the fish 
species represented by the ecohydraulic criteria. Numerical and physical modelling were 
the primary tools used to develop the features that would be installed at the project to 
ensure passage meets the overall design objectives and specific requirements. Figure 2 
identifies each of these elements, designed to work in unison to maximize the efficiency 
and effectiveness of fish passage through the range of potential facility operations.  

7.1 Hydraulic Structures and Operation 

Upstream passage modelling integrates several key elements to achieve safe upstream 
fish passage: 

• suitable approach hydraulics and migration corridors on either bank of the river, 
• development of attraction flows to lead fish from the migration corridors to the 

project fishway structures, 
• project fishways that provide suitable passage hydraulics for a range of fish 

species, and 
• operational scenarios that ensure effective fish passage hydraulics of the fish 

passage system over a 5 to 95% range of inflow conditions to the project. 
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7.2 Approach Hydraulics 

The approach hydraulics are the near bank depths, velocities and flow patterns that fish 
are exposed to when migrating to the base of the project from downstream past Hines 
Creek fan. The term migration corridor was used to describe the area or width of river 
with suitable hydraulics for the passive upstream migration of fish. is the approach 
hydraulics are influenced by the overall project lay-out and guidewall design including 
the discharge locations and flows. Analysis of the approach hydraulics was done 
primarily with numerical modelling.  

7.2.1 Design Criteria 
The objectives of the modelling program were to evaluate pre and post construction near 
bank hydraulics related to fish passage given the proposed project configuration and 
operation. The primary objective was that the project provides suitable hydraulic 
conditions and connectivity to the fish passage structures from the undisturbed hydraulics 
of the existing river channel. This work also assessed operational conditions, adverse 
hydraulic patterns (i.e. potential recirculation areas, shears etc.) and left and right bank 
similitude with a mid-channel spillway. 
 
The primary period of upstream fish migration is approximately from mid-April to the 
end of May, and analysis of historical Peace River flows (post Bennett Dam) found that 
the median flow (Q50%) during this period is 1990 m3⋅s-1. By using an approximation of 
the bottom or nose velocities used by fish species to depth-averaged velocities, numerical 
modeling results could be used to interpret and apply hydraulic criteria. The depth-
averaged velocity is typically reached at 40% of the water column depth and water 
velocities are generally 80% of those depth-averaged velocity within the bottom 10% of 
the water column. 
 
With sustained swimming speeds for the majority of the species within the project area 
range from 0.4 to 0.7 m⋅s-1 (Table 1), a criteria was developed for passive migration 
zones (Table 4). Initial uncertainly with respect to the precise depths and velocities used 
by upstream migrating fish was accommodated through the use of conservative hydraulic 
criteria with respect to the fish migration zone downstream of the project. A passive 
migration zone for the approach hydraulics was determined to be areas of flow where 
depth-averaged velocities were less than 1.0 m⋅s-1 and depths were greater than 0.5 m.  

7.2.2 Model Design and Testing 
Initial approach (downstream) and upstream hydraulics were assessed in the 2-D 
numerical model as summarized in the nhc DHP 2-Dimensional Numerical Modelling 
Technical Report, March 2003. The first addendum was issued in February 2003 
detailing the impacts of the proposed construction methods and sequencing would have 
on depth and velocities upstream and downstream of the project. 
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Operational flows were numerically modelled through only 5 inflow sections to ensure 
model stability. As such, flows were aggregated on certain outlet structures. For example, 
ramp fishway flows, flow through the guidewall and auxiliary water supply flows were 
modelled as one flow. If 10 out of 20 generators were operating for a particular operating 
condition, that total flow was distributed across the entire bank of 20 units (e.g. half the 
unit flow).  The initial layout of the project was with all the generation units on the right 
of the spillway, and was called the 40-0 layout. 
 
The RMA2 numerical model examined depth-averaged velocities and water surface 
elevations 700 m upstream and 2,000 m downstream of the project from the 95% 
exceedance flow (715 m3⋅s-1) to the 100-year event (10,300 m3⋅s-1).  Pre and post project 
model results downstream of the project confirmed that hydraulics, near shore velocities 
and potential migration zones width were similar. Using the criteria above, the numerical 
model identified the upstream migration corridor as being approximately 22 m in width 
on the right bank and 87 m in width on the left bank pre-project, and 21 m in width on the 
right bank and 87 m in width on the left bank post-project. 
 
The downstream boundary was moved upstream as negligible changes were seen in the 
initial 1000 m downstream of the project in initial modelling. This allowed for 
development of a more dense grid and enhanced resolution within the area modelled. 
Analysis of Peace River historical flows during the critical upstream migration period of 
mid-April to the end of May was carried out for the 5%, 50% and 95% exceedance flows.  
 
Additional numerical modelling was carried out to address downstream approach 
hydraulics and guidance flows with the proposed mid-channel spillway splitting the 
turbine units of either side, and confirm similarity between left and right bank conditions 
(see nhc Dunvegan Hydroelectric Project 2-Dimensional Numerical Modelling 
Addendum to Technical Report November 2004). The numerical modelling examined the 
hydraulics along the left bank approximately 300 m downstream and greater, and was 
used to calibrate boundary conditions in the left bank physical model.  
 
With the 30-10 layout, 30 generation units are located right of the spillways and 10 are 
located left of the spillways. Four transects were examined for correlation to existing 
physical model data at three flows (5, 50 and 95 % exceedance discharge). Estimates of 
discharge through the model boundaries provided guidance for modifications to the tail 
box of the model and accurate representation of the left bank conditions. Section model 
data correlated well with numerical model data, and flows were representative of the 
conditions along the left bank downstream to the Hines Creek fan. 
 
In addition to the numerical modelling undertaken during the initial phase of the overall 
study, approach hydraulics were considered and assessed through out the physical model 
studies by detailing flow patterns and velocities downstream of the project site.  Detailed 
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depth and velocity data, dye studies and transects were established to examine flow 
patterns up to 300 m downstream. 

7.2.3 Summary 
The numerical modelling provided an accurate overview of the bulk hydraulics and flow 
patterns at a relatively large scale. The studies confirmed that the zone of hydraulic 
influence is limited to approximately 1000 m downstream of the proposed project. The 
left and right bank conditions immediately downstream of the structure are markedly 
different - the right bank is deeper that the left bank and is  not influenced by the Hines 
Creek alluvial fan. The similarity of depths and velocities – even with high spillway 
discharges – indicated that relative differences in the left and right migration corridor 
widths were due predominantly to existing channel shape and the absolute changes were 
influenced by flows. The differences pre and post hydraulic conditions were insignificant 
at the downstream boundary. 
 
The numerical modelling also identified potential fish migration corridors along the right 
and left banks of the channel based on conservative hydraulic criteria. Numerical 
modelling using the criteria indicated that migration corridor widths pre-project were 
variable and changed based on flows and the influence of the bed and bank topography 
on the hydraulics. Post-project modelling determined the continuity of a migration 
corridor to the base of the project and no large adverse hydraulics conditions were 
identified.  
 
The additional numerical modelling also proved out the concept of the 30-10 generator 
split and mid channel spillway that provides for generation and attraction flows on both 
the right and left banks during plant operations. Flows passed trough the turbines are a 
key component of the attraction flows through regulation by the guidewall structure on 
either bank. Without their output, large volumes of additional flow would be required at 
the left bank to provide suitable attraction hydraulics. 
 
Initial biological monitoring data collected after the numerical modelling indicates that 
the conservative fish migration corridor and passive hydraulic criteria encompass the 
majority of the channel width used by goldeye and other fish. The initial assumptions of 
seasonal fish migration periods, the large flow envelope used in the analysis (e.g. 5% to 
95% exceedance flows), and conservative ecohydraulic criteria for passive upstream 
migration were correct.  Based on interpretation of the results, the modelled approach 
hydraulics likely provide a good representation of the areas of suitable and likely 
upstream fish migration downstream of the proposed project.  

7.3 Attraction Flows 

Attraction flows are used to guide upstream migrating fish to the ramp fishway entrance.  
Attraction flows provide a transition from the approach hydraulics in the migration 
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corridor to the ramp fishway flows.  These attraction flows were accomplished by the 
implementation of the guidewall and AWS flows. The guidewall was designed to modify 
and shape the outflows from the powerhouse to both attract and intercept the migration 
corridor. The AWS was intended to provide additional flows and modify the hydraulics at 
the fishway entrance in order to provide a range of potential fish attraction hydraulics 
immediately below the fishway entrance over the range of project tailwater conditions.  
 
The guidewall and auxiliary water system (AWS) are described together as they are both 
an integral part of the hydraulic control for the near-field conditions for fish attraction 
and passage at the project. Initial prototyping, model development an testing focussed on 
the guidewall during the initial right bank physical model study. Once the guidewall 
design was advanced to improve near-field approach hydraulics, the AWS was 
implemented to fine tune and optimize hydraulic conditions and provide operational and 
adaptive management flexibility.  

7.3.1 Design Criteria 
The objective of the guidewall was to both provide suitable hydraulics for passage in this 
area and maintain a fish migration zone, as well as improve the effectiveness and 
efficiency of passage by guiding and effectively “funnelling” upstream migrating fish to 
the base of the ramp fishway. The guidewall must also deliver the flows in a manner such 
that the cueing flows would lead fish to the base of the ramp fishway, without eddies or 
turbulent flow, and remain dominant and uniform.  
 
The sustained swimming speeds for the majority of the species within the project area 
range from 0.4 to 0.7 m⋅s-1 (Table 1) and the general criteria followed the passive 
attraction hydraulics in Table 4. The hydraulics provided by the guidewall provide depth-
averaged velocities less than 1.0 m⋅s-1 over depths greater than 0.5 m. Low velocities 
(less than 0.3 m⋅s-1) are non ideal, as they likely would not provide sufficient stimulus or 
guidance for further upstream migration. The criteria also uses high velocities (greater 
than 1.5 m⋅s-1) to dissuade or prevent further upstream passage through or beyond the 
guidewall.  
 
The fish sluiceway has a design capacity of 5 to 60 m3⋅s-1 which provided a wide range of 
velocities and gradients between the diffuser and ramp fishway wall, and downstream 
and to the river center of the ramp fishway entrance. A pony wall extends upwards along 
the edge of the ramp fishway to coincide with the 5% exceedance tailwater elevation to 
keep fishway hydraulics in tact through the full operating tailwater level range The 
diffuser chambers are sized at 2.5 m x 8 m with a flow capacity of 5.0 m3⋅s-1 for a 
maximum upwelling velocity of 0.25 m⋅s-1. This velocity is approximately equal to the 
pool velocity and is fully distributed across the section as to not provide guidance or flow 
discontinuities to the general ramp fishway flow patterns. Required depths of flow were 
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maintained for all conditions through excavation and grading of the areas downstream of 
the ramp fishway base.  

7.3.2 Model Design and Testing 
Upstream migration hydraulics were assessed with scale physical modelling as 
summarized in the nhc DHP Right Bank Section Model Technical Report, May 2003. 
The goal of the program was to design and test wall lay-outs and features that would 
satisfy the design objectives and criteria over a range of flows, tailwater levels and 
adaptability during operations. The passive attraction criteria in Table 4 were used in 
evaluating the hydraulics during physical testing. Sixteen (16) geometries and lay-outs 
were tested in order to optimize and provide an effective design, as presented in Table 5
 
The initial approach and guidewall configurations provided suitable hydraulic conditions 
for upstream migrating fish along the downstream river margins to the fishway entrance. 
However, regions of low velocities persisted in and around the fishway entrance due to 
the rapid expansion of area and flow volume and relatively small ramp fishway flows and 
bypass flows carried from the guidewall.  
 
To provide additional guidance flows, two elements were considered. The first was a 
single 4 m wide sluiceway positioned between the ramp fishway and the adjacent 
powerhouse. The sluiceway flow will provide flow downstream of the entrance of the 
fishway along the margins of the river to assist in guiding fish towards the fishway 
entrances with a signal or cueing flow. The sluiceway also serves dual purpose by 
providing downstream fish passage as well. 
 
In addition to the sluice system, the addition of flows to the ramp fishway was provided 
by an auxiliary water system (AWS). Design flows for AWS were estimated with simple 
hydraulic calculations and examined in the model by pumping water down the fishway 
ramp. Flows down the fishway ramp were increased from the design flow of 1.8 m3⋅s-1 to 
6 m3⋅s-1 – considered the upper range of flow that would retain fish passage criteria in the 
ramp. Testing of high flows down the ramp fishway – in lieu of an AWS – and the 
velocity changes that resulted suggested that a fully functional AWS system will provide 
flexibility to meet potential variable flow and hydraulic conditions for upstream 
migrating fish.  
 
The design and implementation of a separate, independent auxiliary water supply (AWS) 
system for both the right bank and left bank fishways was conducted in the model, There 
are ten (10) upwelling floor panels in the ramp fishway that can be operated 
independently providing flow augmentation at the base of the fishway over a range of 
tailwater conditions. With the fully functional AWS system in place, additional testing 
was undertaken to develop project operating conditions.  
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7.3.3 Summary 
Based on interpretation of the results, the modelled hydraulics with implementation of a 
full AWS system provide a good representation of the project design and operational 
conditions. Additional testing was undertaken to determine the full operational flexibility 
to provide a range of approach conditions to the ramp fishway. The testing was 
undertaken as part of the two separate model tests – one for the right bank and one for the 
left bank. Separate models were required in order to determine operational conditions 
specific with the downstream river channel, which would influence flows and hydraulics 
(e.g. Hines Creek fan on the left bank), as well as design and operational difference with 
the project (e.g. 30-10 split of powerhouses around the spillway).  With fully-functional 
models with operating fish passage structures, the operating conditions associated with 
either bank could be investigated. 
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Table 5 Guidewall and AWS Design Chronology 

Geometry Type Flow Feature Design 
Criteria 

Migration 
Connectivity 

Positive 
Hydraulics 

Adaptive 
Design 

Technical 
Viability Findings → Actions 

1 90 m - 60°Rock-fill Berm 1 – 1.5 m culvert in GW1, no AWS2      
Insufficient attraction flows increase culvert area (number and 

size) 

2 90 m - 60° Rock-fill Berm 2 – 0.9 m culverts in GW, no AWS      
Potential fish holding areas near berm → use smooth wall 

structure 

3 75 m – 45° Vertical Guidewall 2 – 1.5 m culverts in GW, no AWS      
Guidewall too long, poor hydraulics → reduce wall length and 

angle 

4A 30 m - 60° Vertical Guidewall pipe providing AWS flows      
Insufficient attraction flows, poor hydraulics at ramp fishway end 

→ adjust AWS flow with berms 

4B 30 m - 60° Vertical Guidewall with 
rock berms 

pipe providing AWS flows      
Insufficient attraction flows, poor hydraulics at wall end 

5 30 m - 60° Vertical Guidewall 4 – 1.5 m gated channels and pipe 
providing AWS flows      

High velocity jets reduced with ½ closure but abrupt velocity 
gradients persisted → decrease culvert area 

6 30 m - 60°Rock-fill Berm 3 - 1.3 m gated culverts, added 
AWS sluice      

Poor attraction flow volumes from culverts, sluice added → 
abandoned and not recorded 

7 30 m - Submerged Sill with 
Deflector Blocks 

6 channels and AWS sluice 
     

Poor attraction flows at 5% exceedance flows, difficult 
construction → use culverts 

8A 30 m - 60° Vertical Guidewall 3 – 2.5 x 2.5 m box culverts and 
AWS sluice      

Smaller fish migration zone, recirculation at fishway entrance → 
reduce culvert area and adjust alignment, raise AWS sill 

8B 30 m - 60° Vertical Guidewall 3 – 2.5 x 1.8 m box culverts and 
AWS sluice      

Minor recirculation and high velocities → reduce culvert area 
and increase number 

8C 30 m - 60° Vertical Guidewall 4 – 1.75 x 1.75 m box culverts and 
AWS sluice      

Larger recirculation and high velocities → add additional culvert

8D 32.5 m - 60° Vertical Guidewall 5 – 1.75 x 1.75 m box culverts and 
AWS sluice      

5% flows bypassed ramp fishway → angled wall between ramp 
and guidewall 

8E 30 m - 60° Vertical Guidewall 4 – 1.75 x 1.75 m box culverts and 
AWS sluice      

Flows diverted at ramp end → design changed to stub wall 
along ramp fishway 

8F 30 m - 60° Vertical Guidewall 4 – 1.75 x 1.75 m box culverts and 
AWS sluice      

Acceptable hydraulic conditions with varying AWS flows up to 
30 m3⋅s-1 

8G 30 m - 60° Vertical Guidewall 4 – 1.75 x 1.75 m box culverts and 
AWS sluice      

Additional rock added to sluice outlet and ramp slope reduced 
velocities → remove rock 

8H 30 m - 60° Vertical Guidewall 4 – 1.75 x 1.75 m box culverts and 
AWS sluice      

Varied ramp flows to improve velocities at ramp outlet at 
variable tailwater conditions 

1 guidewall 2 auxiliary water supply – sluice or pipe system 



 

7.4 Fishways 

The fishway structure through the project consists of a long sloped ramp fishway 
connected to an upstream inlet control (submerged orifice) fishway. The ramp fishway 
provides fish access from the downstream tailwater area to the head pond. The ramp 
fishway is designed to provide ideal hydraulic conditions over a 10 m width with a 
number of potential pathways to maximize the passage efficiency for upstream moving 
fish. The inlet control fishway is designed to provide the required design flows into the 
ramp fishway and maintain optimum fish passage hydraulics over a range of potentially 
variable headpond water surface elevations. It provides access from the ramp fishway 
section past the dam into the headpond.  

7.4.1 Design Criteria 
The ramp fishway is designed to provide upstream passage from the tailwater area to the 
headworks fishway and into the headpond. The design objective is to provide multiple 
passage opportunities and stable hydraulics over a range of flows by utilizing a 
specialized baffle that was designed through physical modelling. The design criteria for 
the ramp fishway was based on suitable depths and velocities, as well as burst distances 
and sufficiently sized resting areas for migrating fish. The fishway is a critical link in the 
upstream passage system, multiple pathways or opportunities were also required across 
the fishways surface – each with a viable migration corridor up through the fishway. The 
fishway also had to be wide enough for fish to enter, manoeuvre and exit the fishway. 
 
The design was optimized around key ecohydraulic criteria as identified in Table 1 and 
Table 4, specifically a minimum depth of 0.5 m and sustained velocities in key resting 
areas less than 0.3 m⋅s-1. Careful design consideration was also placed on hydraulic 
resting areas, transit distances to those key areas and multiple passage conduits or 
pathways with suitable hydraulic connectivity throughout the fishway length. These 
satisfied the burst and sustained swimming velocities and maximum swimming distances 
of the design fish (Table 3). 
 
The inlet control fishway is a submerged orifice / vertical slot design at the upstream end 
of the ramp fishway to provide upstream passage. The combination of vertical surface 
oriented slots and deeper submerged orifices will provide the widest range of passage 
opportunities and conditions for a range of sizes and species of fish at the site under the 
full range of inflow conditions. In addition, hydraulic control of the submerged orifice 
will provide hydraulic control and optimum flows of approximately 1.8 to 2.0 m3⋅s-1 for 
the downstream ramp fishway. The inlet control fishway will provide upstream passage 
for all fish greater than 150 mm in length with an ecohydraulic criteria similar to the 
ramp fishway with a minimum depth of 0.5 m, a maximum burst velocity 0.88 m⋅s-1 for a 
distance of 1 m, and sustained velocities in resting areas less than 0.5 m⋅s-1.  
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In addition, the size and depth of the fishway cells is controlled to minimize turbulence 
and meet an energy dissipation factor (EDF) criteria of 100 W⋅m-3 at design flows. This 
value was adopted given the relatively small design fish size. The location and orientation 
of the baffle slots are designed for either surface-oriented or bottom-oriented (benthic) 
fish. The replaceable baffle walls have fully-adjustable openings to accommodate 
variable head pond water levels and passage conditions. 

7.4.2 Model Design and Testing 
The design of the ramp fishway was completed using scale physical modelling as 
summarized in the nhc DHP Ramp Fishway Hydraulic Model Study, Final Report, April 
2003. The goal of the design/test program was to develop, design and test ramp and 
baffle designs that would satisfy related ecohydraulic requirements. The scale physical 
model provided detailed measurements of the water profile, depth and velocities 
longitudinally and transversely down the ramp fishway. The ramp design and testing 
program produced 7 different design concepts or phases with 32 designs that were review 
or tested in the physical model before a final design was proven. Table 6 summaries the 
design chronology. The detailed text and figures for all the options are contained in the 
test report referenced above. 
 
Preliminary testing of the inlet control fishway was undertaken in nhc Dunvegan 
Hydroelectric Project Right Bank Section Model Technical Report, May 2003. Orifice 
velocities, cell flow patterns, head drop and overall fish passage hydraulics were assessed 
for the 13 pool model at a head pond elevation of El. 348.3 m and a flow of 2.0 m3⋅s-1. 
Due to the relatively deep cells required for the orifice location, the relatively small 
opening size required to regulate down to the ramp fishway operating flows, and 
biological concerns regarding the ability of potentially surface-oriented fish locating the 
opening at depth., the design incorporated a top-mounted vertical slot and the combined 
flows met most of the ramp fishway flow requirements.   

7.4.3 Summary 
The design and physical modelling process provided a means of evaluating ramp 
surfacing alternatives and baffle designs and placement arrangements to ensure optimized 
fish passage. A unique engineered v-baffle was designed for the ramp fishway and will 
be constructed in the project. It provided optimum hydraulics at design inflows of 1.8 
m3⋅s-1, as well as at discharges ranging from 50% to 300% of the design discharge (i.e. 
flow can be varied by five fold and still meet the passage criteria).  
 
For the inlet control fishway, preliminary testing indicated consistent head drop and 
consistent flow patterns within the fishway cells. Turbulence in the cells was low, and 
velocity measurement indicate there are many resting locations at various depths. Critical 
velocities were slightly higher than design calculations, but scale effects may be a 
contributing factor. Although physical hydraulic modelling is recommended, the final 
design of the inlet control fishway is not considered a critical issue prior to project 
approval. 
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Table 6 Ramp Fishway Design Chronology  

Phase Designs Bed Type Flow Feature Design Criteria Migration 
Connectivity 

Positive 
Hydraulics Adaptive Design Technically 

Viable Findings → Actions 

1 V-channel, 45 m wide, 
20:1 slope, 13 m3⋅s-1 
design flow 

Random 0.9 – 0.6 m 
concrete cubes, Class 3 
and mixed riprap 

Variable hydraulics 
through the cross 
section 

     Shallow depths and high velocities at edges 
(middle???0, reduced interstitial voids 
horizontal cross section, “placed” 0.9 m 
cubes 

2 Flat channel, 45 m wide, 
20:1 slope, 13 m3⋅s-1 
design flow 

Placed 0.9 m concrete 
cubes, gap graded 
Class 3 riprap 

Uniform hydraulics 
across section  

     Reduced velocities, depths not sufficient → 
decrease ramp slope 

3 Flat channel 45 m wide, 
20-30:1 slope, 13 m3⋅s-1 
design flow 

Placed 0.9 m concrete 
cubes, gap graded 
Class 3 riprap 

Uniform hydraulics 
across section with 
interstial flow 

     Increased depths with minor increase in 
velocity but poor reproducibility and highly 
variable → design placement with variable 
flows, reduce width 

4 Flat channel, 10 m wide, 
20-30:1 slope, 1.8-2.5 
m3⋅s-1 design flow 

Placed 0.9 m concrete 
cubes in pool-riffle form 

Variable hydraulics in 
section and plan – 
pool/riffle preferred 

     Increased hydraulic variability → revised 
and expanded sampling program, inter-
cube slot size → modify cubes 

5 Flat channel, 10 m wide, 
20-30:1 slope, 1.8 m3⋅s-1 
design flow 

Placed 0.9 m modified 
concrete cubes in pool-
riffle form 

Variable hydraulics in 
section and pool/riffle 
plan 

     Reduced velocities with minimal changes in 
depth, 20:1 as effective as 30:1 initial 
criteria met, cube design and costs → 
notched weir design 

6 Flat channel, 10 m wide, 
20-30:1 slope, 1.5-1.8 
m3⋅s-1 design flow 

Constructed offset 
notched weir double 
baffle 

Consistent velocities 
and hydraulic behaviour 

     Excessive velocity through notch → 
increase area with v-notch and low sill 

7 Flat channel, 10 m wide, 
20-30:1 slope, 1.8 m3⋅s-1 
design flow 

Constructed offset v-
baffle 

Modified baffle spacing 
to optimize slot 
velocities and resting 
zones 

     20:1 as effective as 30:1, initial criteria met, 
reproducible hydraulics, suitable migration 
pathways → final design 

81 Flat channel, 10 m wide, 
20:1 slope 

Constructed offset v-
baffle, 1.0 m 
spacing,0.3 m sill, 3.0 m 
pool 

Variable inflows: 0.9-5.6 
m3⋅s-1 design flow 

     Initial depth and velocity criteria met at all 
inflow conditions 

1 Flow Sensitivity Testing, pg 33, nhc DHP Ramp Fishway Hydraulic Model Study, Final Report, April 2003. 
 



 

7.5 Project Operating Conditions 

Project operating conditions broadly describes the work undertaken to determine the 
required flow rates and hydraulic operations that would provide optimum and acceptable 
fish passage conditions at the project over a range of scenarios, including variable inflows 
and plant operations. The modelling and testing would provide information to guide 
development of default settings to provide optimum fish passage hydraulics during 
operation of the constructed project.  

7.5.1 Design Criteria 
The key test design parameters were the use of high velocities (greater than 2.0 m⋅s-1) and 
the use of low velocities to dissuade migration (less than 0.3 m⋅s-1). Applicable hydraulic 
criteria were used with respect to both active and passive conditions included: 
 

• Downstream-directed attraction flows below ramp fishway entrance with 
velocities in the range of 0.3 to 1.0 m⋅s-1and a target value of 0.5  m⋅s-1, 

• Uniform transition in discharge intensities from the powerhouse outflows through 
to the downstream guidewall hydraulics – both in section and longitudinally, 

• Continuous contact and continuity of the migration corridor with the downstream 
shoreline without “dead zones”, 

• Hydraulic conditions at and near the project that minimized recirculations or 
eddies that could potentially trap or “hold” fish for periods of time or dissuade 
continued migration, and 

• Provide velocity barrier flows across the tailrace to prevent fish access. 

7.5.2 Model Design and Testing 
Operations specific to the right bank facilities including adjacent powerhouse units, ramp 
fishway, guidewall and AWS were tested and reported in nhc Dunvegan Hydroelectric 
Project Right Bank Section Model Addendum No. 2 to Technical Report, July 2004. Left 
bank physical modelling was undertaken in a similar manner and reported in nhc 
Dunvegan Hydroelectric Project Left Bank Section Model Addendum No. 3 to Technical 
Report, December 2004.  
 
A 1:25 scale model was developed and used for the right bank, and modified and 
mirrored to reproduce the left bank model. The testing program on the physical model 
focussed on assessment of acceptable hydraulics – depths, velocities and flow patterns – 
that would provide upstream fish passage along the bank downstream of the project and 
lead fish to the proposed ramp fishway entrance. The testing program examined 
operational scenarios and flow rates for the fish sluice, ramp fishway, AWS and 
powerhouse operations for optimum or “most favoured” conditions, as well as a barrier 
flow condition. The barrier flow criteria was the development of a 2.0 m⋅s-1 velocity 
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barrier at the base of the ramp fishway wall between the side wall and the guidewall 
structure.  

7.5.3 Summary 
Detailed operational conditions and resulting hydraulic conditions was documented , 
along with flows for each fish passage structure over a range of inflow and tailwater 
conditions. Testing is summarized in Tables 4.1 though 4.3 in each report referenced 
above, and suitable operating scenarios were determined for the optimum and barrier 
conditions on each bank. Fish attraction and passage hydraulics were determined to be 
acceptable based on visual assessment of the hydraulic patterns and comparison of the 
comprehensive criteria to the testing results.  
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Table 7 Fish Passage Structure Operating Conditions for Upstream Fish Passage5

Right Bank Fish Structures Left Bank Fish Structures 

Inflow 
Condition 

Passage 
Condition Powerhouse 

Units 
Operating 

AWS Flow 
m3s-1 

AWS Valves 
Operating 

Fish Sluice 
Flow 

(m3s-1) 

Velocity at 
Ramp 

Fishway 
Entrance 

(ms-1) 

Velocity D/S 
of Fish Sluice

(ms-1) 

Powerhouse 
Units 

Operating 

AWS Flow 
m3s-1 

AWS Valves 
Operating 

Fish Sluice 
Flow 

(m3s-1) 

Velocity at 
Ramp 

Fishway 
Entrance 

(ms-1) 

Velocity D/S 
of Fish Sluice

(ms-1) 

Optimum 1,3,5,7,9 3 1 - 3 4 0.3 – 0.5 > 1.0 36 - 40 3 1 - 3 10 0.3 – 0.5 1.0 – 2.5 

Optimum 1,2,3,7,9 3 1 - 3 0 0.4 – 0.5 0.7 – 1.7 32,34,36,38,40 5 1 - 3 15 0.5 – 0.6 0.6 – 1.5 
95% 

Exceedance 

Barrier 1,3,5,7,9 3 1 - 3 6 0.4 – 0.7 1.2 36 - 40 5 1 - 3 20 0.5 – 0.7 1.4 – 4.4 

Optimum 1 - 10 12 1 - 6 15 0.4 – 0.8 > 1.0 31 - 40 10 4 - 6 14 0.5 – 0.7 1.1 – 1.3 50% 
Exceedance 

Barrier 1 - 10 12 1 - 6 20 0.4 – 0.8 1.2 – 2.0 31 - 40 30 1 - 6 14 0.5 – 0.6 1.9 – 2.4 

Optimum 1 - 10 20 1 - 7 15 0.7 – 1.1 0.3 – 0.6 31 - 40 25 1 - 10 30 0.5 – 0.6 > 1.0 5% 
Exceedance 

Barrier6 1 - 10 20 1 - 7 20 0.7 – 1.1 0.3 – 0.6 31 - 40 25 1 - 10 40 0.5 – 0.8 1.6 -1.7 

 

                                                      
5 Base flow condition in the ramp fishway in all cases is 2.0 m3s-1 
6 Test results for left bank conditions could  not generate a velocity barrier at end of the guidewall.  See Testing report for details.  Results indicate maximum achievable values. Right bank optimum and barrier conditions are identical. 



 

8 Downstream Fish Passage 
Downstream fish passage facilities at the project were provided on the basis that they 
provide opportunities and conditions for effective, efficient downstream passage for the 
range and size class of fish species identified in the ecohydraulic criteria. Numerical and 
physical modelling were the primary tools used to develop the features that would be 
installed at the project to ensure passage meets the overall design objectives and specific 
requirements.  

8.1 Hydraulic Structures and Operation 

Downstream fish passage at the project consists of the following elements: 
 

• Ten (10) fish passage sluices 
Fish excluded from the hydro turbine units can transit the dam via fish passage 
sluices located across the dam and next to each end of a set (5) hydro turbine 
units.  

• Seven (7) ogee spillways 
The ogee spillways are operated when inflows are greater than operational 
capacity of the project (capacity of hydro turbines and fish sluices). The volumes 
entrained over the spillway can incidentally pass fish downstream.  

• Forty (40) fixed-pitch Kaplan turbine units with exclusion bar racks 
Fish with body widths or depths less than the bar rack spacing are not excluded 
and subject to passage through the hydro turbine units. The hydro turbine units are 
designed to minimize fish injury and mortality through efficient design, low speed 
and fish-friendly operational characteristics. 

 
In addition, there is ancillary passage provided through ramp fishways. As these were 
specifically designed for upstream passage, the design for downstream passage is 
considered safe for fish due to low velocities, but with limited effectiveness due to 
smaller operational flows. Figure 2 identifies each of these elements, designed and 
operated to maximize the opportunities and continuity for safe downstream passage of 
fish.  

8.2 Fish Passage Sluices 

The fish passage sluiceways are designed to maximize the unit entrainment volume from 
upstream of the dam, and to safely pass fish from headpond to the below the tailrace. The 
sluiceways are located and distributed across the facility to provide multiple openings to 
maximize the flexibility and opportunity of discovery for migrating fish. Flows are 
optimized to maximize the entrainment of capture volume upstream of the sluiceway.  
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The sluice inlets are varied in section to provide for a gradual acceleration in entrance 
velocities. The conduits will be of sufficient size to allow large fish to pass through 
unhindered and will have velocity and acceleration that is high enough to prevent fish 
from moving upstream out of the sluice entrance once inside. The exit velocities will be 
such that fish passing through the conduits will not be injured upon exit. 

8.2.1 Design Criteria 
Velocities immediately upstream of the fish passage sluices are to be greater than 
background to provide differentiation from velocities immediately in front of the 
exclusion rack (see CPL memo dated July 24, 2001 in attachments). The velocities 
upstream of the Dunvegan facility (i.e. background velocities) will be within 0.4 to 0.6 
m⋅s-1 (CPL memo dated July 24, 2001). Flows through the sluices can be varied to 
provide a range of potential attraction velocities via adjustable gates. A combination of 
entrainment and positive downstream flow will likely provide optimal passage conditions 
for excluded fish. Passive attraction hydraulics are shown in Table 4.  
 
For the protection of fish, the pressure differential through the conduits should be less 
than 10 psi and the rate of pressure change should be less than 80 psia/sec. The exit 
velocity of the sluices should be less than 15 m⋅s-1 and the tailwater downstream of the 
structure should be greater than 25% of the project head. Pressure changes should not 
exceed 10 psi for downstream migrating fish that are between 1 m and 10 m depths of the 
head pond water column. Injury to fish is assumed to occur at a rate of 160 psia/s and the 
pressure rate change of 80 psia/s was adopted as a conservative limit.   
 
During the primary downstream migration period of August to November, the project 
would be running less than full capacity approximately 80% of the time. As such, there is 
a possibility that some of the turbines would not be operational, and would be 
preferentially closed to both maximize and optimize the entrainment volumes to each 
sluice. The provision of multiple openings across the dam face provides multiple 
opportunities for fish to access a sluice and move downstream safely. 

8.2.2 Model Design and Testing 
Initial approach (downstream) hydraulics were assessed in the 2-D model as summarized 
in the nhc DHP 2-Dimensional Numerical Modelling Technical Report, March 2003. 
More detailed initial downstream approach hydraulics of the intake and sluice system 
were assessed with scale physical modelling as summarized in the nhc DHP Right Bank 
Section Model Technical Report, May 2003, as well as nhc DHP Right Bank Section 
Model Addendum No. 2 to Technical Report, July 2004. The passive attraction criteria in 
Table 4 were used in evaluation of the hydraulics during physical testing.  
 
Physical modelling determined the relative entrainment volumes provided by the 
proposed sluiceways, entrainment velocities and preferred sluice location within the 
section to provide optimum hydraulics. Measurements of the velocity upstream of the 
facility (i.e. background velocities), immediately upstream of the sluices, and 

Dunvegan Hydroelectric Project  Page 29 
Fish Passage Rationale 



 

immediately upstream of the powerhouse (trash rack) structure were taken as well as 
video and measurement of entrainment volumes using dye tracers. 
 
The pressure differential across the sluice was measured, as well as the exit velocities, to 
ensure that they did not exceed the criteria as set forth by Alden Research. Development 
of a tailrace guidewall for the downstream migrants was installed to prevent 
disorientation and entrainment in the hydro turbine outflows.  
 
Several design iterations were developed for the downstream fish passage sluiceways as 
both the design of the turbine units, lay-out of the units and intake bar rack systems were 
changed. A final design was developed and proven, as summarized in Table 8. 
 

Table 8 Downstream Fish Passage Sluiceway Testing Chronology 

Sluice Design Conduit Size and 
Orientation  

Flow 
(m3⋅s-1) 

Findings → Actions 

Integrated into 
powerhouse wall 

Top-to-bottom slot 
with 0.9 m pipe outlet 0.5 ineffective → abandon 

Lower deep sluice 
Either margin at 

depth under ramp 
fishway 

15 Abandoned with re-design 

Individual sluiceway 
Upper 0.4 m  and 
lower 0.6 m pipe 

intake 
4.7 Insufficient flows to provide 

attraction and entrainment 

4.0 m wide Individual 
sluiceway 

Single intake set off 
bottom 6 - 58 Maximize unit entrainment 

volume, flexible operation 

 
Modelling indicated that similar entrainment volumes could be obtained with either 
passing higher flows through the sluice with adjacent units operating, or by passing a 
lower flow through the sluice with adjacent powerhouse units shut down.  Testing with 
sluices in the spillway section of the model indicated that these had greater unit 
entrainment volumes than the sluice positioned between powerhouse units. 

8.2.3 Summary 
The design and physical modelling process provided a means of evaluating the design 
and operation of the downstream fish passage sluices. The provision of multiple sluices 
across the headworks, and the potential to operate over a range of flows from 5 to 
60 m3⋅s-1 provides flexibility over a wide hydraulic range and project operations. The 
design provides a and adaptive design for downstream passage with optimized unit flows.  
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8.3 Spillway Passage 

The objective of the spillway design is to ensure that optimum hydraulic conditions are 
achieved to minimize any potential impacts to downstream fish that are passed 
downstream during the infrequent operation of some or all of the ogee spillways. As this 
hydraulic structure operates infrequently, it is not required as a regular element of the 
downstream fish passage rationale. However, it does provide and opportunity to 
selectively spill flows – if required. As such it should be required and able to function 
safely and separately from the other fish passage structures. 

8.3.1 Design Criteria 
Whitney (1997) reviewed data from spillway studies and found 0 to 2% mortality with 
standard spillways bays. Literature indicates that it is generally accepted that survival of 
fish entering a pool from free-fall at velocities up to 15 m⋅s-1 is greater than 98% (Bell 
and DeLacy, 1972 and FERC, 1996). United States Fish and Wildlife Service (USFWS) 
plunge pool depth criteria for ogee spillways at hydro projects is to be at least 25% of the 
project operating head. These criteria have been adopted as design criteria for the project 
spillway sections. 

8.3.2 Model Design and Testing 
Independent modelling of the spillway is not proposed. Hydraulic designs have been 
developed over the years and current proposed designs for the project spillway are 
considered to be adequate.   

8.3.3 Summary 
Proposed head pond and tailrace water levels and plunge pool depth meet the USFWS 
design criteria, confirming that that the design spillway is a safe for downstream fish 
passage. The use of conservative hydraulic criteria is recommended with respect to the 
experience of other spillways, fish passage, injury and mortality, which is well 
documented in the literature. There is no additional work recommended for the design or 
testing of the proposed project spillways for fish passage.  

8.4 Fish Exclusion and Turbine Passage 

For downstream passage through the turbines, where entrainment, injury and mortality 
are the primary issues, body size and width are critical design criteria. This information 
along with swimming performance data provides the criteria and design basis for 
entrainment and downstream passage elements, including the exclusion bar rack. Only 
proven elements of physical exclusion were used and non-physical exclusion (e.g. 
behavioural effects on undersize or juvenile fish) were not assessed or used in the 
analysis. 
 
Fish that use the channel margin as the downstream migration corridor can use the 
sluiceway adjacent to the ramp fishway headworks or may move laterally across the 
upstream face of the facility. Fish would first encounter the intake bar rack system 
Dunvegan Hydroelectric Project  Page 31 
Fish Passage Rationale 



 

leading to the power turbines. Fish of a certain size of the population would be physically 
excluded as defined by their body width (Table 10). The larger fish that are excluded 
from the turbines could continue to move laterally – encountering an operating fish 
sluiceway – or they would find a calm-water zone where they may stage, rest or forage.  
 
Smaller or juvenile fish with body widths less than the bar rack spacing are not physically 
excluded and subject to passage through the hydro turbine units. The hydro turbine units 
are designed to minimize injury and mortality to smaller fish (<300 mm) through 
efficient design, low speed and fish-friendly operational characteristics. The objective of 
the intake bar rack design is to balance fish protection needs with functionality and 
operational practicality, while ensuring all technically-feasible options are used to 
minimize injury and mortality of fish passed through the turbine units.  

8.4.1 Design Criteria 
Mainstream Aquatics Ltd. (2005) provides the methods, results and discussion of the 
sampling program designed to  collect and evaluate body morphology of the several fish 
species populations  in the vicinity of the project site. Screen trash rack bar spacing 
opening widths were determined accounting for species specific body morphology and 
life stage for fish populations to be encountered at the project site. The Tables 9 and 10 
summarize the data presented from the work by Mainstream Aquatics Ltd. (2005). 
 

Table 9 Summary of body morphology measurements for fish sampled 
from the Peace River (from Mainstream Aquatics Ltd., 2005) 

Fork Length (mm) Width (mm) Species Sample 
Size Mean Range Mean Range 

Bull trout 52 377.3 192 - 596 38.1 20 - 62 

Burbot 206 417.3 240 - 745 43.9 25 - 170 

Flathead chub 189 210.1 142 - 283 26.9 16 - 41 

Goldeye 134 358.1 220 - 424 34.2 18 - 65 

Longnose sucker 1470 388.3 135 - 514 56.3 17 - 83 

Mountain whitefish 267 317.2 160 - 502 38.8 17 - 67 

Northern pike 34 508.7 245 - 790 48.2 20 - 95 

Walleye 182 373.3 182 - 681 44.0 20 - 102 

White sucker 43 341.6 187 - 503 47.4 25 - 74 
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Table 10 Estimated fork length (± 95% CI) of fish that will be physically 
excluded by a 25 mm bar spacing based on body width-fork 
length relationships of fish sampled from the Peace River (from 
Mainstream Aquatics Ltd., 2005) 

Species 

Estimated Fork 
Length of 

Excluded Fish 
(± 95% CI) 

Predicted 
Length-at-
Maturity 

Percentage of 
Adults in Sample 

Population 
Excluded 

Bull trout 253 ± 16 410 100 
Burbot 272 ± 14 370 100 

Flathead chub 199 ± 2 180 50 
Goldeye 318 ± 8 345 100 

Longnose sucker 212 ± 3 314 100 
Mountain whitefish 229 ± 4 256 100 

Northern pike 316 ± 33 428 100 
Walleye 246 ± 7 375 100 

White sucker 206 ± 19 253 100 

 
The project proposes to use a 25 mm bar rack spacing during the period of downstream 
movement to physically exclude the adult fish of most species; all except the flathead 
chub, which has a length-at-maturity of 199 mm. The predominant period for 
downstream movement of most species is early August to late October. This period also 
coincides with the Peace River containing the least amount of debris and suspended 
sediment and makes the operation of the fine bar rack possible with increased 
maintenance and cleaning. After the downstream movement period, the project proposes 
to remove the overlay fine bar rack and leave a coarse debris rack with an open spacing 
of 100 mm.  
 
Based on the length distributions of the sample populations, adults of most species will 
be excluded by a trash rack spacing of 25 mm. The only exception is flathead chub (50% 
of adults in the sample population would be excluded). These data indicate that the 
proposed trash rack spacing during the period of downstream fish movement will be 
sufficient to adequately protect the adult cohort of most of the major large-fish species 
recorded in the project area. The one exception is burbot. The fine bar rack will not be in 
place during the months of January to February, which is the period of expected peak 
downstream movement by burbot.  
 
The burst swimming speed for the fish species within the project area exceeding 300 mm 
in length is 1.8 m⋅s-1 for a distance of 1 m. The sustained swimming speed for the 
majority of the adult species requiring passage ranges between 0.4 to 0.6 m⋅s-1. With 
velocities immediately upstream of the trash racks less than burst swimming speeds and 
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rapidly dropping to approximate sustained swimming velocities a short distance away 
from the rack face, impingement of adult fish on the trash racks is not likely.  

8.4.2 Model Design and Testing 
Several design iterations were developed for the intake structure and bar rack to 
accommodate debris removal, ice and fish exclusion, while maintaining the required 
approach velocities. The intake rack lay-out and design were assessed with scale physical 
modelling as summarized in the nhc DHP Right Bank Section Model Technical Report, 
May 2003.   
 
Two rack angles were examined in the physical model recording approach, normal and 
sweeping velocities in front of the rack and to compare them to ecohydraulic criteria.  
Two rack angles investigated were 15 and 35 degrees.  Due the scale effects of the 
closely-spaced bar rack, the actual hydraulics through the rack face could not be 
accurately modelled at the scale used.  Additional testing was done without the racks 
installed in the model to look at the potential hydraulic influence of the structure.  Initial 
testing was all conducted at 50% exceedance flows as headwater levels (El 347.9 m) are 
not expected to vary appreciably during operations .  Testing results are summarized in 
Table 11.  
 

Table 11 Intake Bar Rack Structure Testing Chronology 

Rack 
Orientation 

Approach 
Velocity 

(ms-1) 

Sweeping 
Velocity 

(ms-1) 

Normal Velocity 
(ms-1) 

Findings → 
Actions 

15° above 
horizontal 0.7 - 1.1 0.9 – 1.1 0.3 – 0.4 Increase rack 

angle 

35° above 
horizontal 0.8 0.4 – 0.5 0.4 – 0.6 Meets criteria 

No rack 0.6 – 1.6 - - 
Some hydraulic 

influence of 
structure 

 
Modular design and construction of the trash rack has been proposed to facilitate rapid 
cleaning and installation. Although repair and cleaning operations and efforts can not be 
estimated at this time, these are critical design issues from both an engineering and fish 
protection perspective. Excessive head loss through the rack increases loading, vibration 
and stresses on the structural components and increases potential damage. Loss of 
effective open area increases local velocities and the potential for entrainment of fish 
onto the rack surface. 

8.4.3 Summary  
Testing on the 15 degree rack indicated that the lower, deeper portion of the rack was not 
effective. Normal velocities along the lower portions were low, indicating little flow 
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through the rack surface to the powerhouse.  This lead to implementation of a steeper 
rack 35 degree face with a reduced rack area. Initial testing with the rack screen lay-out 
showed that a 35 degree rack face can provide overall approach velocities within the 
required criteria. Provided the velocity immediately upstream of the trashracks is less 
than 1.8 m⋅s-1 and background velocities within 0.4 to 0.6 m⋅s-1 are achieved within 1 m 
from the trashracks, the fish excluded by the trashracks will be able to swim upstream, 
away from the trashracks. Measurement of approach velocities without the rack structure 
installed in the model showed that there was some hydraulic influence on the velocity 
structure near the rack.  However, approach velocities upstream from the rack showed no 
influence, are the effects are local ,generally within the water column above the rack face.   
 
The vertical and lateral velocity distribution in front of the trash racks was measured to 
ensure that the higher velocity zones did not exceed the fish burst swimming speed 
capabilities, and sustained swimming speeds are found within a short distance away from 
the rack face. Additional scale physical modelling and testing is proposed to address the 
hydraulic conditions on approach, through rack and downstream and final design for the 
proposed intake bar rack system. 
 
A more detailed estimation of the potential head losses associated with installation and 
operation of the exclusion bar rack will also be undertaken following project approval 
and during the final design phase. A separate terms of reference for these model studies 
will be prepared under a separate cover. 

9 Adaptive Management Strategy 

9.1 Adaptive Fish Passage 

The fish passage hydraulic modeling studies demonstrated the flexibility of the plant and 
fish passage facilities to adjust to prevailing conditions and provide optimum fish passage 
opportunities whilst retaining economic viability of the project. Providing passage for 
fish species present in the Peace River has not previously been demonstrated, adding a 
degree of uncertainty to the fish passage mitigation proposed for the project.   
 
Rigorous modeling and collaboration from many experts on the fish passage strategy has 
produced a thoroughly researched and well understood fish passage strategy that includes 
significant operational flexibility to allow for adaptive management of fish passage in 
conjunction with a detailed monitoring program.   
 
Adaptive management strategies were implemented and assessed during the fishway 
modeling program and subsequently included in overall operational planning, ensuring 
the capacity to provide a wide range of choices and conditions for upstream and 
downstream fish passage. This range of passage and hydraulic conditions is possible as a 
result of the ability to selectively turn turbines on or off to change the influence of fish 
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guidance flows, to vary upstream fishway attraction flows, and to selectively turn on or 
off or vary the flows through fish sluices. The proposed monitoring program will provide 
essential information to measure passage success and identify preferred and default 
operational settings. 

9.2 Plant Operation 

The powerhouse contains 40 turbine units which can be turned on or off depending on the 
availability of river flows. The turbine units have a discharge capacity varying between 
42 m3⋅s-1and 46.5 m3⋅s-1 for differential heads of 5.7 m and 7.6 m, respectively. The 40 
turbine units are simple propeller turbines (e.g. Kaplan turbines without regulated blades 
or wicket gates) and do not have the capability of fine discharge control. Each turbine 
either operates at full output, or is shut completely off. Consequently, depending on flows 
available in the river, turbine operation alone will likely not be able to exactly convey all 
of the river flow without resulting in minor changes in headpond level.   
 
To allow fine discharge control, while maintaining a more constant headpond level, the 
operational plan assumes that one or several of the low-level fish sluices are operated to 
match the river inflow. The low-level fish sluice adjacent to the ramp fishways are 
operated preferentially for fine discharge control while providing guidance/attraction 
flow to each ramp fishway. 
 
Secondly, the preferential operation of the turbines is dependant on the following 
conditions. During the upstream fish migration period (April to July), the turbine units 
and low-level fish sluice adjacent to the fishway ramp (insert Figure reference here) and 
the auxiliary water system will be operated to provide optimum guidance/attraction flow. 
During the downstream fish migration period (July to October), the turbine units and the 
fish sluices will be operated to obtain optimum attraction and entrainment flow into the 
fish sluices.   
 
Whenever possible, turbine units will be shutdown for a practical minimum period. That 
is, the operational plan for the turbines attempts to limit the degree of operation required 
by minimizing the number of start/stops for all of the units. The current assumption is 
that, as much as practicable, the turbine units will be shutdown for a minimum 
consecutive two week period. 
 
The sequencing of selective turbine operation will be determined to run all of the turbines 
for approximately the same length of time (e.g. the percentage of time each turbine is 
operating is relatively the same on an annual basis) to equalize wear on the equipment. 
When the inflows exceed powerhouse and low-level fish sluice capacity, the spillway is 
then used to maintain headpond levels. 
 
In the event of a load rejection (e.g. all turbines shut down), the sequence of operation 
will be dependant on the inflow at the time of the event. If the inflows are greater than the 
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total low-level fish sluice capacity, the spillway will be the primary release facility. The 
turbine units, upper-level fish sluices, and the submerged orifice/ramp fishways auxiliary 
water system are shutdown when river flows overtop the powerhouse at the 10-year 
flood. 

9.3 Upstream Fish Passage 

Upstream fish passage is accommodated in the current project configuration via the 
submerged orifice/ramp fishway structures located on each riverbank. The submerged 
orifice fishway design discharge is 1.8 m3⋅s-1. The flows into the submerged orifice 
fishways are dependant on the headpond level; therefore, a trimming gate is proposed 
adjacent to the submerged orifice intake to maintain the 1.8 m3⋅s-1 design flow and/or to 
augment flows in the fishway ramp if required. In this way, flows in the ramp fishway 
can be adjusted to optimize hydraulics for fish passage and improve attraction flows at 
the fishway entrance. During the modelling studies, ramp fishway flows were increased 
to 6 m3⋅s-1 without changing the fishway hydraulics. 
 
Fishway attraction/guidance flows are provided via the ramp fishway, the adjacent fish 
sluice located between the ramp fishway and the powerhouse, the auxiliary water system 
within the ramp fishway, and the guidewall consisting of submerged orifice conduits 
designed to direct tailrace flows towards the fishway entrance. The operational rule for 
the critical upstream fish passage season of April to June is to run selected turbine units, 
adjacent to the ramp fishways the auxiliary water system, and fish sluice closest to the 
fishway throughout the upstream fish passage season. In instances when the river 
discharge is less than full powerhouse discharge, turbine units located away from the 
fishways (e.g. in the middle of the powerhouse) would be selectively shutdown. 
 
Based on the modeling studies, each of these hydraulic conditions and adaptive measures 
were optimized for the 95%, 50%, and 5% exceedance flows. These are described in 
Table 7 

9.4 Downstream Fish Passage 

Similar to upstream fish passage, the key to providing safe and efficient downstream fish 
passage is a combination of attraction flow to guide fish to the fish sluices and hydraulics 
that capture and ensure fish are not able to return to the headpond once inside the sluice.  
Downstream fish passage is accommodated in the current project configuration via: 
 

• ten low-level and nine upper-level fish sluices distributed across the headworks; 
• submerged orifice/ramp fishways; 
• for larger river flows that exceed powerhouse capacity, via the overflow spillway; 

and, 
• for small fish, via fish-friendly turbines. 
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Three of the ten low-level fish sluices are operated during the critical downstream fish 
passage season (August 1st to October 31st annually) in a cyclical manner across the 
headworks. The selection of which fish sluices are utilized will be dependant upon fish 
monitoring and the location of fish in front of the structure.  When possible, the turbine 
units adjacent to the operating low-level fish sluice will be selected and operated to 
improve guidance/attraction flow to the low-level fish sluice. Hydraulic and adaptive 
measures were optimized during the modeling studies, and are provided in Table 8. 

9.5 Summary 

A range of operating conditions and scenarios were evaluated during the modeling 
program. As a result a detailed understanding of the effects of various operational 
adjustments was achieved and documented. These adjustments form the basis of an 
adaptive management strategy that will see operational changes invoked depending on 
the observations of the fish monitoring program developed by Mainstream (2006). The 
objectives, potential fish passage concerns or observations during operations, and 
adjustments that can be made to alter hydraulic conditions and improve success of fish 
passage are summarized in Table 12. 
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Table 12 Summary of Adaptive Management Strategies 

Objective Fish Passage Concerns and/or 
Observed Conditions Hydraulic Adjustment Available

a. Fish are unable to locate the 
fishway entrance 

i. Adjust flow in ramp fishway 
optimum: 1.8 m3/s 
range: 1.8 to 6 m3/s 

ii. Adjust flow in auxiliary water 
supply system 
optimum: 5 to 20 m3/s 
range: 0 to 45 m3/s 

iii. Adjust fish sluice flow 
adjacent to ramp fishways  
optimum: 20 to 50 m3/s  
range: 0 to 60 m3/s 

iv. Operate turbines adjacent to 
fishways to provide flow via 
guidewall (range 0 to 45 m3/s)

b. Cyclical flow or eddies occur 
downstream of ramp fishway 
entrance (causes confused 
attraction pattern and unclear 
entrance location 

i. Adjust flow in ramp fishway 
ii. Adjust flow in auxiliary water 

supply system 
iii. Adjust fish sluice adjacent to 

ramp fishways 
c. Fish are congregating at ramp 

fishway entrance but not entering 
the fishway 

i. Adjust flow in ramp 
ii. Adjust auxiliary water supply 

system 

1. Guide fish to 
ramp fishway 
ramp entrance 

d. Fish are moving upstream 
towards the adjacent guidewall 
and fish sluice entrance 

i. Increase barrier flow in fish 
sluice adjacent to the ramp 
fishway (range 20 to 50 m3/s) 

ii. Reduce flow in sluiceway to 
remove attraction 

2. Move fish 
through the ramp 
fishway and into 
the headpond 

a. Fish are stalling in the ramp 
fishway or are not moving through 
the entire ramp fishway length 
and return downstream to the 
river 

i. Adjust flows in the ramp 
fishway up or down by 
opening or closing the low 
level gate in the submerged 
orifice section of the fishway  

a. Fish are congregating along the 
upstream face of the powerhouse 
and appear to be having difficulty 
finding the entrance to the fish 
sluices 

i. Cycle sluice operation across 
the headworks 

ii. Adjust fish sluices fully 
(optimum 20 to 50 m3/s) and 
turn off turbines adjacent to 
the fish sluices to improve the 
signal or attraction flows into 
the fish sluices 

iii. Selectively open or close 
some sluices to concentrate 
attraction flow 

3. Downstream 
passage through 
fish sluices 

b. Fish enter the fish sluices but turn 
around and move back out into 
the headpond 

iv. Open fish sluice fully to 
ensure fish are captured and 
entrained by the sluice flow 
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10 Fish Passage Contingencies 
Operational contingencies are additional measures, activities and actions that can be 
undertaken, as part of an adaptive management strategy, to ensure the global objectives 
are achieved (e.g. fail safes). In the case of the Dunvegan fish passage structures, the 
measurement and monitoring of overall fish passage will be undertaken according to the 
Dunvegan Project Fish Community Monitoring Plan (Mainstream Aquatics Ltd., 2006). 
 
The FCMP proposes to use a variety of biological monitoring methods to assess the 
approach movements – upstream and downstream – as well as passage through discrete 
hydraulic structures. The fish passage component of the FCMP proposes telemetry 
sampling to allow determination of passage time of travel and relative locations of 
passage. Proposed sampling will also allow estimation of passage efficiency and utility. 
Passage efficiency is a measure of the number of individuals that pass successfully out of 
a total number of individuals that attempt passage. Passage utility is the total number of 
individual in a population that migrate and require passage out of a total population. With 
respect to the impacts of successful or unsuccessful passage around the Dunvegan 
Project, both issues are important.   
 
In the case of upstream passage, the FCMP may find that fish may not utilize the 
fishways or have low passage efficiencies. With respect to upstream fish passage, if fish 
are congregating at the fishway entrances, but not entering the fishway, or are going part 
way up the fishway then descending, there are a set of measures – in priority – that could 
be implemented to accomplish upstream passage: 
 
1. Selective operation of the turbines such that the flows down the sluiceways adjacent 

to the ramp fishways are higher than the background river velocities immediately 
adjacent the fishways. 

2. Modification of guidewall flows by modifying or controlling culvert openings in 
guidewall. 

3. Modification of fishway entrance hydraulic conditions through the AWS and/or ramp 
fishway flows. 

4. The use of capture techniques such as seine nets, trapping and trucking to physically 
move fish upstream. 

5. Potential use of the navigation lock as a “fish lock” for both attracting and passing 
fish through the structure. 

 
In the case of downstream passage, fish may not readily utilize the sluiceways or may 
have low passage efficiencies. If fish are congregating in suitable areas of, but not 
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entering the sluiceways, there are a set of measures – in priority – that could be 
implemented to accomplish upstream passage: 
 
1. Selective operation of the turbines such that the flows down the sluiceway are higher 

than the background river velocities immediately adjacent the fishways. 

2. Sequential operation of the sluiceways, pulsing or ramping of flows and alternative 
operation of the turbine units to increase the entrainment volume through the sluices. 

3. If fish are surface and shore-oriented, the use of barrier nets could be incorporated to 
direct fish to nearby sluices or other egress points, and 

4. The use of capture techniques such as seine nets, trapping and trucking to physically 
move fish downstream. 

The severity of impacts, risk assessment and operational measures that trigger 
implementation of the alternative mitigations – especially with respect to the entrainment, 
injury and mortality of fish – will be determined in the fish mortality component of the 
FCMP and addressed separately.  
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DFO PHYSICAL MODEL TESTING OBJECTIVES 
 
As presented during the meeting on September 14, 2001. 
 

1. Model hydraulic conditions within a fishway for 3 different discharges (20, 30 and 50 
m3⋅s-1) to determine appropriate flows for species and sizes of fish of concern (goldeye, 
mountain whitefish, northern pike and burbot). Quantify flow patterns within fishways 
with respect to velocity and depth and determine what flow patterns best meet the target 
of 0.5 m depth and 0.3 m/s for velocities. 

 
2. Clarify maximum and minimum flow over time for each migration period through each 

fishway. For each of those flows, estimate the velocity and depth for each structure. 
 

3. Model the entire dam with turbines and fishways and several operation scenarios to 
determine the following: 

a. Flows through each fishway which provide appropriate circulation patterns for 
fish to locate each fishway 

b. Flow patterns below the dam and beside the fishways with a view to determining 
which flow patterns and conditions would best guide the fish to fishways, if 
additional attraction flows are provided besides each fishway through separate 
structures 

c. Depths, velocities, eddies and circulation patterns in relation to fishway entrances 
 

4. In order to determine the appropriate trash rack slot width, the following field study 
should be undertaken: 

a. Body morphology (width, depth and length) of goldeye, mountain whitefish, 
northern pike and burbot should be measured. 50 fish of each species 
representing the full range of size composition should be sampled. 

 
5. Model trash rakes that cover 2 turbines: 

a. To determine whether flow patterns are adequate to guide fish. 
b. To optimize geometry of trash rake and entrance bypass so velocity in front of 

trash rack is enough to guide fish into conduits. 
c. That the trash rakes are angled so that the velocity through the central angle of 

the rake is greater than the velocity through the rakes. 
 

6. Determine the size, shape and geometry of the funnel required at the entrance to each 
bypass conduit to lead fish into the conduit 

 
7. A deep plunge pool must be provided at the downstream end of each conduit to prevent 

fish injury. 
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