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Terms of Reference for the Columbia River Project  
Water Use Plan Monitoring Programs 
Revelstoke Flow Management Plan 

1.0 OVERVIEW 
This document presents Terms of Reference for the effectiveness monitoring programs for 
the Revelstoke Flow Management Plan (Table 1). These programs will monitor outcomes of 
the recommended operational changes, and provide information on which to base future 
operating decisions. This document provides detailed Terms of Reference for the following 
programs: 

1) CLBMON-15a & b Middle Columbia River Physical Habitat and Ecological 
Productivity Monitoring: A 14-year program to monitor physical habitat parameters, 
periphyton and benthic invertebrates in the middle Columbia River to determine the 
linkages between operational change, physical habitat, and ecological productivity 
associated with baseflow releases from Revelstoke Dam. 

2) CLBMON-16 Middle Columbia River Physical Habitat Monitoring: A 14-year 
program to monitor abundance and biological characteristics of mountain whitefish, 
rainbow trout and bull trout in the middle Columbia River to assess the response of 
these populations to changes in baseflow releases from Revelstoke Dam. 

3) CLBMON-17 Middle Columbia River Physical Habitat Monitoring: A 6-year program 
to monitor changes in habitat use juvenile and sub-adult fish (with an emphasis on 
bull trout and rainbow trout) in the mid Columbia River in response to baseflow 
releases from Revelstoke Dam 

4) CLBMON-18 Middle Columbia River Physical Habitat Monitoring: A 6-year program 
to monitor behavioural (diel and seasonal) responses of key adult fish species (bull 
trout and mountain whitefish) to baseflow releases from Revelstoke Dam.  

Table 1 Revelstoke Flow Management Plan Monitoring Program Terms of 
Reference Submission Information 

Name of Monitoring Program Order 
Clause 
Fulfilled 

Submitted 
with this 
Package 

Previously 
Submitted 
To CWR  

Submission 
Date  

CLBMON-15a Middle Columbia River 
Physical Habitat Monitoring 

Schedule C: 
4.a Yes No March 2007 

CLBMON-15b Middle Columbia River 
Ecological Productivity Monitoring 

Schedule C: 
4.a Yes No March 2007 

CLBMON-16 Middle Columbia River 
Fish Population Indexing Surveys 

Schedule C: 
4.b Yes No March 2007 

CLBMON-17 Middle Columbia River 
Juvenile Fish Habitat Use 

Schedule C: 
4.c Yes No March 2007 

CLBMON-18 Middle Columbia River 
Adult Fish Habitat Use 

Schedule C: 
4.d Yes No March 2007 

The above monitoring program Terms of Reference will be implemented over a 14-year 
time span, which exceeds the study duration recommended by the Water Use Plan 
Consultative Committee by one year. The increased duration is to honour BC Hydro’s 
commitment to the Revelstoke 5 Core Committee to advance implementation of three 
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studies (CLBMON-15a, 15b and 16) studies to allow for an extra year of baseline data 
collection.  

2.0 MONITORING PROGRAM RATIONALE 
 
The Columbia River Water Use Plan Consultative Committee (WUP CC) recognized the 
impacts of the operation of Arrow Lakes Reservoir and Revelstoke Generating Station 
on large river fish habitat in the Middle Columbia River as a key environmental concern 
of the Columbia River Water Use Plan. The quality and quantity of large river habitats in 
the Middle Columbia is dependent on the operation of Arrow Lakes Reservoir and the 
flow releases from Revelstoke Dam. The length of flowing river in the Middle Columbia is 
controlled by the seasonal operating elevation of Arrow Reservoir (Figure 1). From May 
to September, Arrow Lakes Reservoir fills, inundating ~50 km of the Middle Columbia 
River floodplain. The extent of flooding varies between years, and the river from 
Revelstoke Dam to the Illecillewaet River is the only permanently flowing river habitat in 
the Middle Columbia River. Short-term variations in Revelstoke Dam flow releases 
(including zero discharge events) influence the quality of habitats for fish in the Middle 
Columbia River. Load following and peaking operations have resulted in patterns of river 
discharge that vary on a diel, seasonal, and annual basis. Flow releases from 
Revelstoke Dam generally increase through daylight hours and peak in early evening 
with a maximum discharge of 1600 m3s-1. During night time periods, however, generating 
station output is typically reduced to follow electricity demand, and flow releases from 
Revelstoke Dam frequently cease completely. Periods of zero discharge, which occur 
mainly during the spring (March to May) and fall (September to November), limit the 
availability and suitability of large river habitat for fish. To enhance large river fish 
habitats in the Middle Columbia River, the WUP CC recommended the establishment of 
a year round 142 m3s-1 minimum flow release from Revelstoke Dam.  

 
During the development of minimum flow recommendations for Revelstoke Dam, it was 
recognized there is considerable uncertainty about the environmental benefits of the 
proposed minimum flow release. Key environmental objectives of the minimum flow 
release were to: 1) increase productivity of benthic communities, 2) develop habitat 
conditions that increase the recruitment of juvenile fish life stages and trigger rainbow 
trout spawning in mainstem habitats, 3) maximize the abundance, condition, growth and 
survival of adults of key indicator populations. Uncertainty was attributed to significant 
data gaps regarding the current status of the aquatic communities in the Middle 
Columbia River, as well as uncertainty regarding the importance of mainstem large river 
habitats relative to reservoir and adjacent tributary habitats available in the Upper Arrow 
watershed. To help resolve data gaps, reduce technical uncertainties, and to assess the 
effectiveness of the 142 m3s-1 minimum flow, the WUP CC recommended an adaptive 
management program, collectively referred to as the Revelstoke Flow Management Plan 
(RFMP).  

 
The RFMP is a 14-year long program to implement the minimum flow release and to 
complete associated effectiveness monitoring, as recommended by the WUP CC (see 
Tables 1 and 2). The approach of the program is a before-after comparison to estimate 
the responses of key physical and biological variables to the minimum flow release. 
Measured responses will then be interpreted to assess the benefits of the operation for 
the productivity of the Middle Columbia ecosystem. In the first several years of the 
program, the operation of the dam will not change and monitoring will be conducted to 
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supplement existing data on physical and biological conditions of the Middle Columbia 
ecosystem under the current operating regime. The duration of the baseline period will 
be timed with the installation of an addition turbine at Revelstoke Generating Station, 
targeted for completion in 2010. Following the baseline period, the prescribed 142 m3s-1 
minimum flow release will be implemented with physical and biological monitoring 
programs continuing for a range of 3 to 10 additional years, depending on specific 
monitoring requirements. An interim review of the Revelstoke Flow Management Plan, 
as shown in Table 2, will provide an opportunity to examine initial results and, where 
required, refine the operational release or monitoring program to better meet the key 
program objectives.  

 
To structure assessments of the benefits of the minimum flow releases for fish and fish 
habitat, a simple conceptual model was developed to describe how physical factors 
could influence fish populations in the Middle Columbia River (Figure 2, see also BC 
Hydro 2005). This conceptual model provides an explicit linkage among the factors that 
control physical habitat conditions in the Middle Columbia River (i.e. dam releases, 
tributary inflows, reservoir operation) and the response of benthic communities and key 
fish populations. Five integrated monitoring programs were recommended to address 
key data requirements and uncertainties articulated in the conceptual model, regarding 
impacts of minimum flow releases on the Middle Columbia River ecosystem (BC Hydro 
2005). Three programs relate to key habitat (CLBMON-15a Physical Habitat Monitoring), 
benthic community (CLBMON-15b Ecological Productivity) and fish population indicators 
(CLBMON-16 Fish Population Indexing Surveys) established by the WUP CC. Two 
additional monitoring studies were recommended to provide a greater understanding 
about the behavioural and bio-energetic consequences of the minimum flow on fish 
habitat use (CLBMON-17 Juvenile Habitat Use, CLBMON-18 Adult Habitat Use). These 
programs focus on key biological uncertainties associated with benefits of the prescribed 
minimum flows for resident fish populations, and seek to answer the following questions: 
1) do minimum flow releases produce suitable mainstem habitat for recruitment of early 
life stages of fish?, 2) what is the behavioural response (diel and seasonal pattern of 
habitat use) of adult fish to minimum flows?, and 3) are bio-energetic benefits (and 
therefore potential for increased growth and survival) expected for individual fish from 
provision of minimum flows?   

 
To integrate the elements of the monitoring program and coordinate the analysis of the 
monitoring data, all programs will be implemented on a common spatial referencing 
approach (Figure 1). Establishment of a common spatial stratification scheme will 
facilitate linking key hypotheses, as they relate to the response of key ecological 
indicators to changes in minimum flow releases from the dam, through a logical chain of 
inference (e.g. physical habitat→ benthic productivity→ fish habitat use→ fish 
productivity). It will also facilitate documentation of the differential influence of 
Revelstoke Dam releases, tributary inflows/contributions, and Arrow Lakes Reservoir 
operation on physical and biological components of the ecosystem. The objective of this 
document is to provide Terms of Reference for the RFMP. The proposed schedule for 
the implementation of the program is presented in Table 2. 

3.0 REFERENCES  
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BC Hydro. 2005a. Consultative Committee Report: Columbia River Water Use Plan, 
Volumes 1 and 2. Report prepared for the Columbia River Water Use Plan Consultative 
Committee by BC Hydro, Burnaby, BC. 
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Figure 1 Map of the study area for the Revelstoke Flow Management Program 

showing the location of the Revelstoke Dam, key geographic 
references that dictate spatial referencing for study reach breaks used 
in the RFMP. 

Reach 1 

Reach 2 

Reach 3 

Reach 4 
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Figure 2 Conceptual model showing the linkage between the physical and 
biological effects of Revelstoke Dam flow releases and Arrow 
Reservoir operation on large river habitats in the Middle Columbia 
River and the associated monitoring programs proposed (in italics) in 
the Revelstoke Flow Monitoring Program. 
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Monitoring Program No. CLBMON-18 
Middle Columbia River Adult Fish Habitat Use 

1.0 MONITORING PROGRAM RATIONALE 

1.1 Background 
The Columbia River Water Use Plan Consultative Committee (WUP CC) supported 
the implementation of a year-round minimum flow release of 142 m3s-1 from 
Revelstoke Dam to enhance fish populations of the Middle Columbia River (BC 
Hydro 2005a, 2005b).  
 
A key uncertainty related to the minimum flow release, as expressed by the WUP 
CC, was how the implementation would affect and/or benefit fish populations that use 
the Middle Columbia River. This monitoring program will document the pattern of 
seasonal habitat use and daily activity of sub-adult and adult life stages of fish 
populations that use large river habitats in the Middle Columbia River and assess if 
the pattern of habitat use is influenced by the provision of minimum flow releases. 

1.2 Management Questions 
The key management questions addressed by this monitoring program are: 
 

1) What is the seasonal distribution and pattern of movement of sub-adult and adult fish 
in the Middle Columbia River?   
 

2) How do sub-adult and adult fish in the Middle Columbia respond to diel variations in 
flow from Revelstoke Dam?  
 

3) Does the implementation of the 142m3s-1 minimum flow reduce the energy 
expenditure of fish residing in the Middle Columbia, and does this provide a growth 
or survival benefit to adult life stages of resident fish? 
 
Understanding the interaction between life history requirements (through the pattern 
and timing of fish movements) and availability of suitable large river habitat, will help 
to infer how implementation of a minimum flow may influence productivity of fish 
populations. Similarly, understanding the extent to which sub-adult and adult fish 
alter seasonal and diel patterns of habitat use after the implementation of the 142 
m3s-1 minimum flow from Revelstoke Dam will help to infer the benefits of these flow 
regime changes.  

1.3 Management Hypotheses  
Two primary hypotheses will be tested in this monitoring program:   
 
Ho1:  The implementation of the 142 m3s-1 minimum flow release does not alter the 

seasonal pattern of movement of sub-adult and adult fish in the Middle 
Columbia River. 

  

Ho2:  The implementation of the 142m3s-1 minimum flow release does not reduce 
daily energy expenditure of sub-adult and adult fish. 
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1.4 Key Water Use Decision Affected 
The key water use planning decision affected by the results of this monitoring 
program is the implementation of the 142 m3s-1 minimum flow release from 
Revelstoke Dam. This monitoring program seeks to address the question of how the 
provision of a minimum flow will affect seasonal and diel patterns of sub-adult and 
adult fish habitat use in the Middle Columbia River. Information derived from the 
program will be used to infer whether a minimum flow improves the quality of fish 
habitat for sub-adult and adult life stages in the Middle Columbia River. The results 
from this program will be integrated with the four other monitoring programs of the 
RFMP (Physical Habitat Monitoring, Ecological Productivity Monitoring, Fish 
Population Indexing Surveys, Juvenile Habitat Use) and will be used to support 
inferences regarding benefits of the minimum flow for fish. Results from the RFMP 
and associated inferences will be used to establish the long term operating release 
requirements for the Revelstoke Dam. 

2.0 MONITORING PROGRAM PROPOSAL  

2.1 Objective and Scope 
The primary objectives of the Middle Columbia River Adult Habitat Use monitoring 
program are: 
 

1) To provide detailed information on the seasonal pattern of residence and movement 
of selected fish species in the Middle Columbia River.  

2) To provide detailed information on daily patterns of habitat use and activity of 
selected species of fish in the Middle Columbia River in response to flow fluctuations.  

3) To determine whether fish vary their seasonal and diel patterns of habitat use in 
response to the implementation of the 142 m3s-1 minimum flow release from 
Revelstoke Dam.  
 
The scope of the monitoring program: 
 

1) To design and implement a program to monitor the seasonal pattern of movement of 
sub-adult and adult bull trout and mountain whitefish.  

2) To implement a program to monitor patterns of movement and activity of bull trout 
and mountain whitefish in relation to flow releases from Revelstoke Dam 

3) To analyze field data to determine if changes in seasonal patterns of habitat use and 
daily patterns of activity are altered by the implementation of the minimum flow 
release. 
 
The geographic scope of the monitoring program is the ~50 km long section of the 
Middle Columbia River from Beaton Flats to the tailrace of Revelstoke Dam. The 
study area will be divided into four reaches, according to the reach break 
designations defined below (Table CLBMON-18-1). The rationale for this reach-
based approach is to account for the influence of the dynamic interaction between 
reservoir elevation and dam discharge on habitat characteristics within the study 
area. The priority area for assessment is the portion of the Middle Columbia River 
that is remains flowing throughout the year (Reach 3 and Reach 4, upstream of the 
Illecillewaet River).  
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Table CLBMON-18-1 Proposed common reach breakdown recommended for the 
Revelstoke Flow Management Program (Adult Fish Habitat 
Use monitoring program) 

 

Reach Description of Reach Boundaries 

1 Beaton Flats to Akolkolex River confluence 
2 Akolkolex River to Illecillewaet River confluence. 
3 Illecillewaet River confluence to Jordan River confluence. 
4 Jordan River confluence to Revelstoke Dam tailrace 

2.2 Approach 
The approach of this program is to monitor the seasonal and daily pattern of habitat 
use and to provide quantitative indicators of activity and metabolic energy 
expenditure for two key species of fish in the Middle Columbia. Methods will utilize a 
representative sample of sub-adult and adult bull trout, as well as mountain whitefish, 
to track and describe seasonal spatial movement and daily activity patterns of these 
species in relation to flows. Seasonal and daily patterns of activity will be 
systematically monitored for three years under the existing Revelstoke Dam flow 
regime, and for an additional three years following the implementation of the 142 
m3s-1 minimum flow release regime. Comparison of the monitoring results before and 
after the implementation of the 142 m3s-1 will be used to test hypotheses about the 
effects of minimum flow on sub-adult and adult fish.  

2.3 Methods  
The following primary tasks are required to complete adult habitat use monitoring in 
the Middle Columbia River:  

2.3.1 Task 1: Project Management 
Project coordination involves the general administrative and technical oversight of 
the program. This will include, but not be limited to: 1) budget management, 2) study 
team management, 3) logistic coordination, 4) technical oversight in field and 
analysis components, and 5) facilitation of data transfer among other investigators 
associated with the RFMP. 
 
A safety plan must be developed and submitted to the BC Hydro contact for all 
aspects of the study involving field work, in accordance with BCH procedures and 
guidelines. Specific safety training may be required. 

2.3.2 Task 2: Adult Fish Sampling 
An annual program of field studies will be conducted to monitor the seasonal and 
daily patterns of habitat use of sub-adult and adult bull trout and mountain whitefish 
in the Middle Columbia River study area. The main elements of the field programs 
should include, but may not be limited to, strategic tracking and monitoring of fish 
locations and daily activity patterns in relation to flows. 
 
Efforts will be made to coordinate the capture and tagging of suitable individuals from 
the fish population indexing studies, as long as sampling methods do not affect 
behaviour and health of fish. 
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Laboratory studies will be conducted to calibrate EMG output to relevant 
physiological measures needs to assess energy expenditure. Specifically, it is 
recommended that an on-site swim tunnel/respirometer be used to perform 
calibration measurements required to develop general species specific functional 
relationships for translating EMG signal output to tailbeat frequency, swim speed, 
and metabolic energy expenditure. 

2.3.3 Task 3: Reporting 
An annual technical report will be completed for each year of the monitoring program. 
This report will document methods, results, conclusions, and recommendations as 
they pertain to the specific objectives of this monitoring program. To facilitate 
effective management of data from the monitoring program, an MS ACCESS data 
base will be developed and updated on an annual basis. At the completion of the 
monitoring period, a detailed report will be prepared to synthesize the data collected 
over the term of the program. 

 
Reports will follow the standard format that is being developed for WUP monitoring 
programs. All reports will be provided in hard copy and as Microsoft Word and Adobe 
Acrobat (*.pdf) format, and all maps and figures will be provided either as embedded 
objects in the Word file or as separate files. 

2.4 Interpretation of Monitoring Program Results 
The results from this program will be integrated with the four other monitoring 
programs of the RFMP (Physical Habitat, Ecological Productivity, Fish Population 
Indexing Surveys, Juvenile Habitat Use) and will be used to support inferences 
regarding benefits of the minimum flow for fish. Results from the RFMP and 
associated inferences will be used to establish the long term minimum operating 
release requirements for the Revelstoke Dam. 

2.5 Schedule 
The proposed duration for this monitoring program is six years, consisting of three 
years of pre-treatment monitoring and three post-treatment years following 
implementation of the minimum flow. 

2.6 Budget 
 The annual budget for the Middle Columbia Adult Fish Habitat Use program is 

estimated as $200,874 (in 2004 dollars). Table CLBMON-18-2 provides annual 
budget estimates assuming a 2% rate of inflation and a 5 % contingency for the 
duration of the program. Note that costs in Year 6 of the program will be covered by 
the BC Hydro REV 5 Capital Project. 

3.0 REFERENCES 
BC Hydro. 2005a. Consultative Committee report: Columbia River Water Use Plan, Volumes 
1 and 2. Report prepared for the Columbia River Water Use Plan Consultative Committee by 
BC Hydro, Burnaby, BC.  
  
BC Hydro. 2005b. Columbia River Project, Draft Water Use Plan. 38 pp. + appendices 




