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EXECUTIVE SUMMARY 
 
This report summarizes information regarding the existing cooling water (CW) processes 
employed at the Selkirk Thermal Generating Station (Selkirk GS) and the effects on the aquatic 
environment resulting from those processes.  
 
Manitoba Hydro generates 95% - 98% of its electricity from hydroelectric sources while the 
remainder is generated at thermal generating stations and/or imported.  
 
The Selkirk GS located on the east side of the Red River in the community of East Selkirk came 
into service in 1960. The initial environmental impact assessment of the facility and its 
operations was completed in 1976; a comprehensive Environmental Impact Assessment was 
completed in 1992. Environment Act Licence #1645 stipulating Limits, Terms and Conditions 
regarding stack emissions, liquid effluents, monitoring requirements, and requiring certain 
specific studies has been revised four times, most recently recognizing conversion of the facility 
from coal to natural gas fueled operation in 2002. The Selkirk GS also operates with 
authorizations under the Water Rights Act and Navigable Waters Protection Act. 
 
The Selkirk GS is a backup to Manitoba Hydro's primary hydraulic generating system, ensuring 
reliability of energy supply to Manitobans and contracted customers. It operates during droughts; 
to meet short-term peak power demands during maintenance of system equipment and during 
extreme weather events; when transmission lines or other generation units fail in Manitoba or in 
interconnected systems; and to enhance the flexibility of Manitoba's hydraulic generation 
system. During the past decade, the Selkirk GS has operated at less than 20% of its capacity.  
While it has operated during all seasons of the year, more generation generally occurs in the 
winter months. The role of the station has required a few periods of extended continuous 
operation but mostly it is operated intermittently with frequent starts and stops.  
 
Steam used in the Selkirk GS's two independent steam turbines is condensed using cooling water 
withdrawn from the Red River by two large pumps feeding a once-through cooling process. 
Cooling water is discharged into Cooks Creek some 8 km upstream of that stream's confluence 
with the Red River. 
 
A fish screen designed to DFO guidelines has been installed at the intake pump house to reduce 
impingement and entrainment of aquatic organisms in the inflow. Water flows are managed 
during cooling system shutdowns to mitigate thermal shock impacts to aquatic biota. A fence 
installed across the lower reaches of Cooks Creek in winter excludes large fish attracted from the 
Red River by the heated water discharge from the Selkirk GS. 
 
The Red River at Selkirk has large seasonal fluctuations in median discharge (54 m3/s in mid-
February to spring freshet discharges of 754 m3/s). Cooks Creek is one of two major tributaries 
to the lower Red River; the lower 11 km of Cooks Creek's main channel retains some water year-
round, with intermittent flows occurring in upstream reaches. Groundwater springs are believed 
to maintain minimal flows throughout the open-water and ice-cover seasons.  The most 
downstream seven kilometres of the creek, from 1 km downstream of the cooling water outfall to 
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the mouth, is a permanently wetted backwater of the Red River, with water levels maintained 
and controlled by the stage/discharge of the river.  
 
The Red River provides year-round habitat for a wide variety of fish species, including cool-
water species (e.g. walleye, northern pike, and goldeye), warm-water species (e.g. channel 
catfish and bullheads), and cold-water species (lake whitefish and lake cisco); all of these fish 
except lake whitefish have also been found in Cooks Creek. Three of the fish species (chestnut 
lamprey, bigmouth buffalo, and silver chub) have been designated to be of “special concern” by 
the Committee On the Status of Endangered Wildlife In Canada. This reach of the Red River is a 
locally important and internationally valued sport fishery. Most of the fish species inhabiting the 
Red River use Cooks Creek as rearing habitat. There is a diverse benthic community in the lower 
reaches of Cooks Creek; abundance and species richness are similar to those reported from the 
adjacent reaches of the Red River.  
 
The Selkirk GS once-through system affects the aquatic environment in several ways, including: 
i) physical effects of water withdrawal from the Red River and discharge to Cooks Creek and the 
Red River, ii) impingement and entrainment of fish and other biota in cooling water flows, and 
iii) effects of heated water discharge and termination of that discharge on habitat and biota. The 
frequency, nature, and magnitude of effects on the aquatic ecosystem are related to the timing of 
operation of the Selkirk GS, the amount of generation and the discharge in the Red River and 
Cooks Creek. Over the past decade many mitigation measures have been incorporated into the 
operation of the Selkirk GS to respond to observed conditions and in compliance with the 
station's Environment Act Licence to prevent or reduce the impacts on the aquatic ecosystem.  
 
Simultaneous operation of both CW pumps at full capacity can result in withdrawal of a 
significant portion of the Red River discharge, particularly in the months of December, January 
and February.  The water withdrawal rate must be reduced during periods of low flows but 
consideration must also be given to minimizing temperature increases in discharged cooling 
water. The effect of water withdrawal has minimal effect on the available wetted habitat in the 
Red River. The CW discharge into Cooks Creek provides the majority of the discharge through 
the lower reaches of the creek; effects on water levels are generally confined to the 1.5 km of the 
creek immediately downstream of the cooling water outlet.  
 
The potential for entrainment of spring-spawned larval fish in the Selkirk GS cooling water 
flows is reduced by restricting operation during the months of May and June to generation to 
only one unit in service at any time, except in emergencies. Entrainment rates have been 
generally proportional to the amount of water withdrawal but the seasonal or random 
movements/presence of fish in the vicinity of the intake were also important factors. Impacts to 
local fish populations from loss of entrained larval fish are considered to be immeasurable. An 
inclined fish screen designed in consultation with Fisheries and Oceans and installed on CW 
intake significantly reduced fish impingement and entrainment by excluding large fish from the 
cooling water stream. 
 
Fish present in Cooks Creek and in the Red River downstream of the Selkirk GS discharge 
experience two potential thermal impacts associated with the cooling water discharge; i) 
exposure to higher temperature water and ii) thermal shock associated with introduction and 
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termination of the heated water discharge. Ambient water temperatures in the Red River and 
Cooks Creek during mid-summer often approach, but seldom exceed, the upper limit of the 
suitable temperature range for the fish species present. Operational restrictions during periods of 
high ambient temperatures minimize the potential of the Selkirk GS to produce detrimental water 
temperatures for local biota.   
 
While the Selkirk GS cooling water discharge introduces a thermal plume into the Red River for 
a short distance downstream of Cooks Creek, the plume is consistent with the requirements of 
the Manitoba Water Quality Standards, Objectives and Guidelines. Fish in Cooks Creek are able 
to move to avoid higher temperatures in that stream. The creek continues to support diverse 
populations after several decades of operation of the Selkirk GS. Water temperatures are 
continuously monitored in Cooks Creek at several locations and results are reported to Manitoba 
Conservation. 
 
Discharge of cooling water from the Selkirk GS has no measurable negative effect on spawning 
activity and larval development of fish in the Red River. Regulatory controls provide protection 
for Red River fish by restricting operation in circumstances where effects may occur. 
Unavoidable thermal effects can occur in Cooks Creek at some times; and may have minor 
negative effects on the reproduction of fish in downstream portions of that stream. Reproduction 
effects that may occur are not believed to have significantly affected regional or local Red River 
fisheries.  
 
Fish and other aquatic organisms acclimated or tolerant of particular water temperature regimes 
are susceptible to thermal shock if water temperatures decline suddenly. The intermittent 
operation of the Selkirk GS can expose fish to thermal shock when the cooling water discharge 
ceases and when fish move from natural waters into and out of the cooling water plume. 
Operational procedures to reduce rates of temperature change on shutdown and mechanical 
measures to exclude large fish from the cooling water plumes in winter have been effective in 
mitigating the potential for thermal shock.  
 
The extent of impacts to fish in Cooks Creek due to cumulative sub-lethal thermal shock is not 
known. However, the overall impact on the Red River fish community is presumed to be small as 
evidenced by the diversity of fish species and numbers of fish continuing to inhabit Cooks Creek 
and the adjacent reaches of the Red River after more than 40 years of operation of the Selkirk 
GS. 
 
The nature of the impacts to the aquatic ecosystem resulting from the operation of the Selkirk GS 
are known and more than a dozen specific mitigation actions have been taken to avoid or reduce 
those impacts. Manitoba Hydro continues to review results of environmental monitoring and 
operating procedures to further reduce the impacts of cooling water process operations. The 
feasibility of procedures to reduce potential thermal shock associated with short-term operational 
cutbacks are being developed. Studies are also underway to explore efficiency enhancements in 
the thermal generating systems. 
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1.0 INTRODUCTION 
 
This report has been prepared to summarize information regarding the existing cooling water 
process employed at the Selkirk Thermal Generating Station (Selkirk GS) and to describe the 
impacts to the aquatic environmental resulting from those processes and operations. A detailed 
Environmental Impact Statement including descriptions of the Selkirk GS facilities, proposed 
future operations, comprehensive Environmental Impact Assessments and proposed mitigation 
will be submitted to regulatory agencies for the review of Environment Act Licence for the 
Selkirk GS in or before 2005.  
 

1.1 Manitoba Hydro System Overview 
 
Manitoba Hydro generates 95% - 98% of its electricity from 14 hydroelectric generating stations 
in southeastern and northern Manitoba, while the remainder is generated at two thermal 
generating stations located at Selkirk and Brandon in southern Manitoba and four small remote 
diesel generators (Appendix 1). In the fiscal year ending in March 2003 Manitoba Hydro had a 
total generating capacity of 5,475 Megawatts (MW), the total energy supply to the Manitoba 
Hydro system of 32,221,000 MWhr was comprised of 88.7% hydraulic generation, 9.4% 
imported energy and 1.9% thermal generation.  
 
The transmission system linking generating stations to the electrical grid and load centers also 
interconnects the Manitoba Hydro system with neighboring provinces and states enabling export 
of surplus energy and import of energy during periods of generation shortfalls. Profits from sales 
of surplus energy are used to maintain low domestic energy rates in Manitoba. 
 

1.2 Report Content 
 
Section 2.0 of this report describes, in summary, the facilities, role and operation of the Selkirk 
GS. The requirements of the current Environment Act Licence for the Selkirk GS respecting the 
aquatic environment are also summarized in this Section. Section 3.0 describes the hydrologic 
and aquatic environment setting within which the Selkirk GS operates. Section 4.0 summarizes 
the effects of Selkirk GS cooling process on the local hydrology and aquatic environment as 
documented by observations, studies and monitoring conducted over the past decade. The reports 
documenting aquatic investigations relating to the Selkirk GS are listed in Section 5.0. 
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2.0 THE SELKIRK GENERATING STATION 
 
The Selkirk GS is located on the east side of the Red River in the Community of East Selkirk, in 
the Rural Municipality of St. Clements approximately 25 km north of the City of Winnipeg 
(Figure 1). The 120 ha site includes the generating station, rail and road access, parking areas, 
transmission substation, natural gas supply pipeline, cooling water pump house, deep well pump 
house, sewage treatment plant and other auxiliary facilities (Figure 2). The coal handling 
facilities, coal stockpile and ash disposal areas used in the previous coal-fired operations are 
currently being decommissioned and rehabilitated. The Selkirk GS employs 40 - 50 on-site 
workers.  
 

2.1  Selkirk GS History and Licensing 
 
The Selkirk GS first came into service in 1960 and has been in operation or available for 
operation in the Manitoba Hydro system since that time. 
 
The initial environmental impact assessment of the facility and its operations was completed in 
1976 prior to issue of a Clean Environment Commission (CEC) Licence in 1979. A new CEC 
Licence was issued in 1984. Following submission and review of a comprehensive 
Environmental Impact Assessment in 1992 for operation of the Selkirk GS until 2005, 
Environment Act Licence #1645 was issued. This Licence has been revised four times to 
recognize changes and upgrades to the facility and its operations, the most recent modification 
being conversion from coal to natural gas fueled operation in 2002 (Appendix 2). The current 
Environment Act Licence #1645 RRRR (the Licence) contains Limits, Terms and Conditions 
regarding stack emissions, liquid effluents, monitoring requirements, and required specific 
studies as summarized in Section 2.4 and presented in full in Appendix 3. The Licence is subject 
to review by the Director if the plant is not retired as a thermal generating station in or before the 
year 2005. 
 
The Selkirk GS operates with authorization under the Water Rights Act allowing use of water for 
industrial and domestic purposes at the facility; it also has a Navigable Waters Protection Act 
approval for the intake pumphouse. 
 
2.2 Selkirk GS Operating Roles and Operation 
 
The Selkirk GS is operated as a backup to Manitoba Hydro's primary hydraulic generating 
system to ensure reliability of energy supply to Manitobans and contracted customers. The 
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Selkirk GS has been operated: 
-  during droughts when the hydraulic system capacity is reduced; 
- to meet short-term peak power demands in excess of the capacity of the hydraulic system 

(e.g. during maintenance of hydraulic units or major transmission lines and during 
extreme weather events); 

- when transmission lines or other generation units fail in Manitoba or in interconnected 
systems; and 

- to enhance the flexibility of Manitoba's hydraulic generation system to efficiently utilize 
water supplies. 

In total over the past decade, the Selkirk GS has been operated. The Selkirk GS is usually the last 
unit to be dispatched for economics in the Manitoba Hydro system. The incremental cost of 
generating electricity at the Selkirk GS is approximately 15 - 20 times more expensive than 
hydraulic generation and 2 -5 times more expensive than coal-fired generation or imported 
energy, depending on natural gas prices, transmission availability and energy demands on the 
grid. 
 
While the Selkirk GS has been required to operate during all seasons of the year, more operation 
has typically occurred in the winter months (Figure 3). The role the Selkirk GS serves in the 
Manitoba Hydro system has required extended periods of continuous operation during droughts 
(e.g. 1988/89) and major equipment failures (1999/00) but more often it is operated 
intermittently with frequent starts and stops resulting in low capacity operation (Figure 4). 
Periodic short-term operation also is required to maintain staff competencies and ensure 
equipment condition. 
 
2.2.1 Cooling Water Processes 
 
The following paragraphs describe, in summary, the existing cooling water processes at the 
Selkirk GS. A separate document prepared by Manitoba Hydro describes alternative cooling 
water processes considered for the Selkirk plant. The conversion from coal to gas-fired operation 
in 2002 has not made any difference in cooling system requirements for the Selkirk GS except 
during cycling operations when a much lower minimum generation output can be sustained, 
resulting in lower cooling requirements. 
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.  
Figure 1. Red River Region - Winnipeg to Lake Winnipeg. 
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Figure 2. The Red River and Cooks Creek in the vicinity of the Selkirk GS. 
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Figure 3.  Total Monthly Generation by the Selkirk GS 1993 – 2003. 
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Figure 4.  Maximum and Minimum Annual Generation - Unit 1, Selkirk GS 
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Electricity is generated at the Selkirk GS by two independent steam turbines. Steam is produced 
in two separate boilers, fed through the turbines, condensed and re-circulated back to the boilers. 
The steam condenser systems use water withdrawn from the Red River in a once-through cooling 
process (CW system), discharging the cooling water into Cooks Creek some 8 km upstream of its 
confluence with the Red River (Figure 2).  
 
Cooling water for the condenser system is extracted from the Red River by two large pumps, 
each having a capacity of 4.53 m3/sec (Photo 1). The pumps are of dual-speed design, but since 
the early 1990s have been operated at high speed on most occasions to minimize cooling water 
effluent temperatures. Water withdrawal rates are varied by throttling the pumps, typically, the 
pumps are operated at 85% capacity. 
 
These pumps also supply water for boiler make-up, boiler feed pump cooling, and neutralizing 
boiler blowdown (Figure 5).  However, the condenser cooling system utilizes more than 99% of 
the extracted water when the station is generating electricity. When the station is not generating 
electricity, smaller pumps in the intake pump house provide water from the Red River for 
neutralizing boiler blowdown and other station uses.  

 

Photo 1. Selkirk GS cooling water intake on the Red River. 
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Figure 5.  Selkirk Generating Station cooling water system. 
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Groundwater wells supplement the station water supply; these wells have only sufficient capacity 
to provide water for boiler make-up and domestic services. Discussions in Section 3.0 and 4.0 
following describe in more detail the rates of water use and the thermal effects of operation of 
the Selkirk GS.  
 
A fish screen designed to comply with DFO guidelines has been installed at the intake pump 
house to reduce impingement and entrainment of aquatic organisms in the inflow. During 
cooling system shutdown, water flows are managed to mitigate thermal shock impacts to the 
receiving aquatic ecosystem and biota. In winter, a fence is installed across the lower reaches of 
Cooks Creek to exclude large fish attracted from the Red River by the heated water discharge 
from the Selkirk GS. 
 
2.2.2 Other Selkirk GS Activities Involving the Aquatic Environment 
 
In addition to the cooling water and boiler systems, the Selkirk GS uses water for domestic 
purposes such as drinking, washing and sewage removal. This water is discharged to the Red 
River through the station's sewage treatment plant.  During the initial forty years of operation 
when the Selkirk GS was coal-fired, water was also used to sluice bottom and fly ash to the ash 
lagoon. This process is no longer required with gas-fired operation. Rainfall and snowmelt runoff 
from the buildings and parking areas on the site are collected by a storm sewer system that 
discharges to the station drain; other site runoff moves in natural drains to local streams. 
 
The Selkirk plant has spill containment equipment and structures which discharge through a 
sump system, where oil and contaminants in the effluents are removed before water is discharged 
to the cooling water drain into Cooks Creek.  
 
2.2.3 Environment Act Licence Limits, Terms, and Conditions Regarding the Aquatic 

Environment 
 
The most recent edition of Environment Act Licence #1645 RRRR, issued in May, 2002 
following the Selkirk GS coal to gas fuel switching project, includes several Clauses addressing 
aquatic resources, water use, and water quality. These Clauses are summarized in Table 1.  A 
copy of the complete Licence is provided in Appendix 3.  
 
 
Over time, Manitoba Hydro has identified situations associated with the Selkirk GS, resulting in 
inadvertent non-compliance with Licence Limits, Terms or Conditions. Manitoba Hydro has 
informed the Director at Manitoba Conservation of these situations and discussions have been 
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held with regulatory authorities to assess such events and to develop mutually acceptable 
solutions to avoid future occurrences. For example: the MWAT criteria were reviewed and 
revised to better reflect local natural conditions, the fish screen was installed on the CW pump 
house water intake, a fish fence is maintained at the mouth of Cooks Creek during winter months 
and temperature decline rates during shut down have been revised to reflect natural temperature 
fluctuation rates that occur in Cooks Creek during open water periods, irrespective of plant 
operation. Manitoba Conservation has revised the Licence, where appropriate, to reflect the 
changed circumstances and new information. 
 

Table 1. Environment Act Licence 1645 RRRR Summary - Aquatic Topics. 

 
Clause Requirements of Limits, Terms & Conditions 

 
14  Restricts operation to one unit in May and June  
15  Throttle pumps when water withdrawal rate approaches 10% of Red River flow 
16  Carry out shutdowns so as to minimize temperature decline in Cooks Creek  
17 Maintain a fish fence at the mouth of Cooks Creek during winter months. 
18  Sets Maximum Weekly Average Temperature limits for Red River  
19 Criteria for quality of effluent from station sump or drain  
20  Criteria for pH and suspended solids in ash lagoon effluent 
28 Monitor and report volume of water withdrawn from Red River, temperature of Red River water 

and operation of the station 
29 Monitor and report impinged fish on intake screen  
30 Monitor and report fish presence in the Red River in spring 
31 Conduct a study of larval fish entrainment in cooling water flows 
32 Monitor and report temperature decline in Cooks Creek 
33 Report emergency shutdowns 
34 Monitor and report thermal input to Cooks Creek and the Red River 
35 Conduct a study of the thermal plume in Red River and its effect on fish 
36 Determine and report quantities of effluents from the cooling water discharge, the station drain 

and the ash lagoon discharge  
37 Determine, record and report sewage discharge rates and quality 
38 Sample and report effluent quality from station drain and sump 
39 Sample and report effluent quality from the ash lagoon 
40 Monitor and report water movements and quality from groundwater observation wells around the 

ash lagoon and coal pile 

 

The studies required by Clauses 31 and 35 have been completed and results submitted as 
required. All required monitoring continues to be conducted; required reports continue to be 
submitted to Manitoba Conservation.  
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3.0  ENVIRONMENTAL SETTING 
 
The Selkirk GS is located on the east side of the Red River opposite of the City of Selkirk, 
approximately 10 km downstream of the Lockport Dam and approximately 30 km upstream of 
the Netley Marsh at the river’s mouth on Lake Winnipeg (Figures 1 and 2). Cooks Creek is the 
largest tributary on the east side of the Red River in this reach. Land use adjacent to the Selkirk 
GS includes agricultural cropland and light industrial enterprises to the south and east with 
residential development to the north of the station.  The reach of the Red River from Lockport to 
Lake Winnipeg is heavily utilized for a variety of outdoor recreational activities; the river and 
adjacent lands played significant roles in the history of the province of Manitoba.  
 
3.1 Hydrology 
 
3.1.1 Red River 
 
The Red River at Selkirk has a drainage area of approximately 278 000 km2  
(Environment Canada 2002). Despite some flow regulation in its tributaries, the  
river's median discharge has large seasonal fluctuations, from a low of approximately  
54 m3/s in mid-February to spring freshet of approximately 754 m3/s in late April 
(http://www.gov.mb.ca/conservation/watres/river_report.html July 29, 2003). Record peak 
discharges during the flood in May, 1997 exceeded 4280 m3/s. Discharge generally declines 
through the open-water season, with September through December median flows in the range of 
65 - 75 m3/s. Figure 6 provides a comparison of historical median, lower decile and Q7 - 10 
flows in the Red River with the water withdrawal capacity of the Selkirk GS. 
 
The channel of the Red River in the vicinity of Selkirk is approximately 200 m wide with a mean 
water depth of approximately 4 m with deeper holes in scoured areas at median flows. Bottom 
substrates are primarily silty mud over consolidated clay materials.  
 
3.1.2 Cooks Creek 
 
Cooks Creek, with a total drainage of approximately 730 km2, is one of two major tributaries to 
the Red River between Lake Winnipeg and the Lockport dam. Although portions of the creek’s 
headwaters in agricultural areas have been channelized, much of the naturally meandering stream 
course has been retained. 
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Figure 6. Historical discharge in the Red River between Lockport and Selkirk and water 

withdrawal capacity of the Selkirk Thermal Generating Station. [Median and one-in-
ten-year low flow lower decile) data was obtained from the MB Conservation website 
http://www.gov.mb.ca/conservation/watres/river_report.html September 29, 2003). 
Q7-10 data provided by Manitoba Conservation as presented in Environment Act 
Licence 1645 RRRR for the Selkirk Generating Station. Withdrawal capacity is based 
on two pumps operating at full capacity (total 9.06 m3/s) except during May and June, 
when operation is restricted to one unit as stipulated in Clause 14 of Environment Act 
Licence 1645 RRRR.] 
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Most of the main channel of Cooks Creek to a point upstream of the PTH 59 crossing 
(approximately 11 km upstream of the Red River) retains some water year-round, with 
intermittent flows occurring in reaches further upstream. The reach from Hwy 59 downstream is 
wetted throughout the open-water season (Photo 2), with evident flow except during very dry 
periods (Table 2). The lower seven kilometres of the creek, from a point approximately 1 km 
downstream of the cooling water outfall, is a permanently wetted backwater of the Red River, 
with water levels maintained and controlled by the stage/discharge of the Red River.  
 
Groundwater springs in this reach downstream of Hwy 59 are believed to maintain minimal 
flows throughout the open-water and ice-cover seasons1.  

 
 
Table 2. Streamflow summary for Cooks Creek near East Selkirk (approximately 3 km 

upstream of the Selkirk Generating Station cooling water outfall) during the open-
water season, 1957 – 1991 inclusive (Environment Canada 2002). 

 Mean Daily Mean 
Discharge 
(m3/s) 

Maximum Daily 
Mean Discharge 
(m3/s) 

Minimum Daily 
Mean Discharge 
(m3/s) 

Percent of Years 
with Flow Recorded 
(%) 

April 9.31 201 0.0001 100.0 
May 1.96 103 0.0001 94.3 
June 1.33 46.2 0.0001 88.6 
July 0.520 32.6 0.0001 85.7 
August 0.292 19.2 0.0001 57.1 
September 0.226 12.0 0.0001 54.3 
October 0.523 47.9 0.0001 51.4 
1 While discharge rates could not be measured, dry stream bed conditions were not recorded. 

 

 
3.2 Fish, Fish Habitat, and Fisheries 
 
3.2.1 Red River 
 
The reach of the Red River near and downstream of Selkirk provides year-round habitat for a 
wide variety of fish species, including cool-water species (e.g. walleye, northern pike, and 
goldeye), warm-water species (e.g. channel catfish and bullheads), and, during the winter, cold-
water species (lake whitefish and lake cisco) (Table 3). Three of the fish species that inhabit this 
reach of the Red River have been designated a status of “special concern” by the Committee On 
                                                 
1 Flows were observed in Cooks Creek upstream of the Selkirk GS CW outfall in February 1988, during a period when this reach of the 
creek was expected to be frozen to the bottom (MacDonald 1988). Flowing water and cooler than expected water temperatures in the 
creek, recorded in August 2003 following an extremely warm, dry summer, also suggest there are groundwater springs feeding the creek 
in this area. Average water temperatures from August 20 to 29, 2003 in Cooks Creek at a location 1 km upstream of the CW outfall 
averaged 15.8 °C (18.96 °C to 12.36 °C), whereas during the same time period, Red River temperatures at a location near the GS intake 
averaged 22.91 °C (24 .90 °C - 20.22 °C), as measured at one minute intervals by data logging temperature sensors (Bezte and Lawrence 
2003a).  
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Table 3. Fish species inhabiting the Red River near Selkirk, Manitoba and Cooks Creek1. 
Family Systematic Name Common Name 
Petromyzontidae Ichthyomyzon castaneus chestnut lamprey 2 

 I. unicuspis silver lamprey 
Acipenseridae Acipenser fulvescens lake sturgeon 
Hiodontidae Hiodon alosoides goldeye 2 

 H. tergisus mooneye 2 

Catostomidae Ictiobus cyprinellus bigmouth buffalo 2 

 Catostomus commersoni white sucker 2 

 Carpiodes cyprinus quillback 2 

 Moxostoma anisurum silver redhorse 2 

 M. erythrurum golden redhorse 2 

 M. macrolepidotum shorthead redhorse 2 

Cyprinidae Carassius auratus goldfish 
 Couesius plumbeus lake chub 
 Cyprinella spiloptera spotfin shiner 2 

 Cyprinus carpio common carp 2 

 Luxilus cornutus common shiner 
 Macrhybopsis storeriana silver chub 2 

 Margariscus margarita pearl dace 
 Notemigonus crysoleucas golden shiner 
 Notropis atherinoides emerald shiner 2 

 Notropis hudsonius spottail shiner 2 
 N. blennius river shiner  2 

 N. dorsalis bigmouth shiner 
 N. stramineus sand shiner 
 Pimephales promelas fathead minnow 2 

 Platygobio gracilis flathead chub 2 

 Rhinichthys atratulus blacknose dace 2 

 R. cataractae longnose dace 
 Semotilus atromaculatus creek chub 2

Ictaluridae Ameiurus melas black bullhead 2 

 A. nebulosus brown bullhead 2 

 Ictalurus punctatus channel catfish 2 

 Noturus flavus stonecat 

 N. gyrinus tadpole madtom 
Umbridae Umbra limi central mudminnow 
Salmonidae Coregonus artedi lake cisco 
 C. clupeaformis lake whitefish 
Esocidae Esox lucius northern pike 2 

Percopsidae Percopsis omiscomaycus trout-perch 2 

Percichthyidae Morone chrysops white bass 2 

Centrarchidae Ambloplites rupestris rock bass 2 

 Lepomis macrochirus bluegill 
 Pomoxis annularis white crappie 
 P. nigromaculatus black crappie 2 

Percidae Etheostoma exile Iowa darter 
 E. nigrum johnny darter 2 

 Perca flavescens yellow perch 2 

 Percina caprodes logperch 
 P. maculata blackside darter 
 P. shumardi river darter 
 Stizostedion canadense sauger 2 

 S. vitrum walleye 2 

Gasterosteidae Culaea inconstans brook stickleback 
 Pungitius pungitius ninespine stickleback 
Sciaenidae Aplodinotus grunniens freshwater drum 2 

Gadidae Lota lota burbot 2 

1 Species list compiled from: Remnant et al. 2000; Clarke et al. 1980; Renard et al. 1986; Peterka and Koel 1996; Koel and Peterka 1998; Nelson 
and Franzin 1999; Scott and Crossman 1998;Stewart 2000; and discussions with K. Stewart, senior scholar, University of Manitoba. Other 
species may exist within the study area, but their presence has not been confirmed. 

2 Species captured in Cooks Creek during studies conducted in spring and summer 2000 (Eddy, Lawrence and Graveline 2000, Eddy, Neufeld 
and Lawrence 2000). 
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the Status of Endangered Wildlife In Canada (COSEWIC) (http://www.cosewic.gc.ca/ updated 
November 2003). However, of these three species, the chestnut lamprey, bigmouth buffalo, and 
silver chub, only the silver chub has been listed in the Species at Risk Act (SARA), the other two 
species have not been given specific protection in Canada. 
 
This reach of the Red River is an important overwintering area for fish that inhabit reaches of the 
river further upstream during the open-water season (Barth and Lawrence 2000, Remnant et al. 
2000, Clarke et al. 1980, Tyson 1996). 
 
The Red River from Lockport to Netley Creek (including the reach in the vicinity of Selkirk and 
Cooks Creek inflow) is the focal point of a locally important and internationally valued sport 
fishery that predominantly targets walleye and sauger throughout the year and channel catfish 
during the open-water season. This local sport fishery represents approximately 10% of the total 
Manitoba recreational fishery, and is valued at approximately $12 000 000.00 per year (pers. 
comm. G. Swanson, Manitoba Conservation, Fisheries Branch). 
 
3.2.2 Cooks Creek 
 
Aerial assessment of the 26-km reach of Cooks Creek from the Red River to PTH 44 in 1996, 
found the natural stream channel, stable banks, and wide buffers of natural riparian vegetation 
providing canopy cover were generally present (Horne and MacDonell 1996).  
 
The reach of Cooks Creek from PTH 59 to below the Selkirk GS CW outfall contains a high 
proportion of riffle habitat with gravel substrate (Zrum and Lawrence 2000). The lower portion 
of the creek (within approximately 7 km of the Red River) includes wider, unconfined channels 
over varied substrate, bordered by mixed riparian zones including forest, heavily vegetated 
floodplains, and marshes. Within this reach are several large, open pond-like areas with varied 
separation from the creek channel, bordered by emergent vegetation. The ponds generally exceed 
1 m in depth over silt substrate (Zrum and Lawrence 2000).  
 
Benthic invertebrate studies (Zrum and Lawrence 2000) revealed a relatively diverse community 
of benthic taxa (Table 4) present in the lower reaches of Cooks Creek. Typically between five 
and nine taxa were present in at each location sampled, represented by annelids (worms), insect 
larvae, and molluscs (clams and snails). Invertebrate abundance (animals retained on a 500 
micron sieve) averaged between 5099 individuals/m2 and 2167 individuals/m2 in the backwater 
areas and the main channel of Cooks Creek respectively. These measures of abundance and 
species richness are among the higher range of similar metrics reported from the Red River 
(Zrum and Davies 2000) between St Adolphe and downstream of Selkirk.  
 



 

20 

Studies conducted for Manitoba Hydro in spring and summer 2000 confirmed that most fish 
species inhabiting the Red River, including those targeted by the local recreational fishery, were 
using the Cooks Creek as rearing habitat (Table 3). These studies also confirmed the use of the 
creek by three species (chestnut lamprey, bigmouth buffalo, and silver chub) given a status of 
special concern by COSEWIC (Eddy, Lawrence and Graveline 2000; Eddy, Neufeld and 
Lawrence 2000). 
 
The lower reach of Cooks Creek provides year-round habitat for most local fish species, 
although the Red River provides more suitable and more abundant over-wintering habitat for 
large fish. The upper reaches of the creek provide spawning and nursery habitat for spring-
spawning fish, and rearing habitat for young-of-the-year and forage fish throughout the summer 
when adequate flows are present.  
 
When the Environmental Impact Assessment for the Selkirk GS was completed in 1992, Cooks 
Creek “was not known as a spawning tributary for important sport and/or commercial species” 
(Senes 1992). During later studies, Eddy, Lawrence and Graveline (2000) documented successful 
spawning in the spring of 2000 by several species of fish including walleye, sauger, northern 
pike, white bass, white sucker and possibly other sucker species, trout-perch,unidentified 
cyprinid species, and other unidentified fish species in the reach of the creek from upstream of 
PTH 59 (11 km upstream of the Red River) to approximately 250 m downstream of the CW 
outfall. Discharge in the creek during the study period was in the lower decile range (lowest one-
in-ten year flows), indicating that the upper reaches (upstream of the Selkirk GS CW outfall) of 
the creek provide spawning habitat in low-flow years. The lower 7 Km of the creek likely 
provide spawning habitat for a many fish species including northern pike, channel catfish, 
goldeye, mooneye, quillback, common carp, bullheads, and numerous forage species. 
 
The low-velocity, ponded areas in the lower reaches of the creek also provide excellent nursery 
habitat for fish spawned in the creek and for postlarval fish moving into the creek from the Red 
River in late spring and summer. Eddy, Neufeld and Lawrence (2000) documented the use of 
these sections of the creek by larval and young-of-the-year walleye, sauger, channel catfish, 
goldeye, black bullhead, quillback, white sucker, freshwater drum, black crappie, and white bass.  
 

Other larval and young-of-the-year species were likely present as well, but the study's fishing 
efforts primarily targeted larger fish. The utilization of backwaters, such as those comprising the 
lower reaches of Cooks Creek, by larval fish, and the importance of such habitat to the 
maintenance of diverse fish fauna in large rivers, is well documented (Brown and Coon 1994, 
Jurajda 1999, Gale and Mohr 1978, Rider and Margraf 1997). 



 

21 

Table 4.  Benthic invertebrate taxa found in Cooks Creek near Selkirk, Manitoba.  

 
An assessment of the lower 26 km of Cooks Creek in 1996, found approximately 92% of the 
reach was identified as having a high capability for fish production (Horne and MacDonell 
1996). The creek contributes diverse habitat capable of supporting sensitive life stages of fish of 
high interest and value to recreational and commercial fisheries. The amount of tributary and 
backwater habitat in this reach of the Red River is limited to a few streams including Cooks 
Creek. Cooks Creek has continued to support fish populations, which in turn continued to 
contribute to local fisheries, throughout decades of operation of the Selkirk GS. Manitoba Hydro 
recognizes the importance of this stream and to the extent possible, conducts its operations and 
mitigates impacts to the aquatic environment to preserve its ecology. 

Benthic Invertebrate Taxa  
  
Annelida  

 Oligochaeta (aquatic earthworms)  
 Hirudinea (leeches)  
  
Crustacea  
 Ostracoda (seed shrimps)  
 Amphipoda (scuds/water lice)  
  
Insecta  
 Megaloptera (alderflies or dobsonflies)  
 Coleoptera (beetles)  
 Hemiptera (water bugs)  
 Ephemeroptera (mayflies)  
 Trichoptera (caddisflies)  
 Diptera  
 Chironomidae (non-biting midges)  
 Ceratopogonidae (biting midges)  
 Chaoboridae (phantom midges)  
  
Mollusca  
 Bivalvia  
 Unionidae (large clams)  
 Sphaeriidae (fingernail clams)  
 Gastropoda (snails)  
  
Nematoda (roundworms)  
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Photo 2.  Cooks Creek approximately 1 km upstream of the Selkirk GS cooling water outfall, 

August 29, 2003. 
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4.0 EFFECTS OF ONCE-THROUGH COOLING  
 ON AQUATIC HABITAT AND BIOTA  
 
Effects on the aquatic environment associated with operation of the Selkirk GS once-through 
system include: i) physical effects of water withdrawal from the Red River and input to Cooks 
Creek and the Red River, ii) effects of impingement and entrainment of fish and other biota, iii) 
effects of heated water discharge to Cooks Creek and Red River habitat and biota including the 
effects of termination of heated water discharge. These topics have been the subject of a number 
of investigations that Manitoba Hydro has undertaken over the past decade and provide the basis 
for much of the discussion presented in the following sections. 
 
Due to the intermittent operation of the Selkirk GS, the frequency, nature, and magnitude of 
effects on the aquatic ecosystem are primarily a function of the timing of operation, the amount 
of generation and the discharge present in the Red River and Cooks Creek at the time of 
generation. While the amounts of water withdrawal and thermal outputs vary with the amount of 
generation, the resulting effects on the aquatic environment are also seasonally dependent, being 
potentially greater, for example, during seasonal movements or sensitive life stages of fish 
species present. In the following discussions, documented and hypothesized relationships 
between aquatic biota and habitats, seasonal environmental conditions, and the operations of the 
Selkirk GS once-through cooling system are described.  
 
Over the past decade many mitigation measures have been incorporated into the operation of the 
Selkirk GS in response to observed conditions and in compliance with the station's Environment 
Act Licence to prevent or reduce the impacts on the aquatic ecosystem. The discussions of 
impacts in the following sections also describe the related mitigation measures that have been 
implemented.  
 

4.1 Water Withdrawal and Discharge 
 
The Selkirk GS withdraws water from the Red River and discharges it to Cooks Creek which 
flows into the Red River some 7 km downstream.  
 
4.1.1 Red River 
 
The reach of the Red River between the CW intake and the mouth of Cooks Creek represents 
approximately 18% of the length of the river between the Lockport dam and Lake Winnipeg 
(Figure 1). The magnitude of the effect of withdrawal by the Selkirk GS on the aquatic habitat in 
this reach of the river is determined by two factors - the stage/discharge of the river at the time 
water is being withdrawn and the amount of water being withdrawn. 
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Clause 15 of the Licence for the Selkirk GS, consistent with Environment Canada’s Codes of 
Practice for Steam Power Generation (1985), states that the water pumps should be throttled at 
any time the withdrawal rate approaches 10% of the discharge of the Red River. Simultaneous 
operation of both units of the Selkirk GS with the CW pumps at full capacity can result in water 
withdrawal exceeding 10% of the median Red River discharge (based on discharge records from 
1962 through 2002) particularly in the months of December, January and February (Table 5). As 
shown in Figure 6 and Table 5, the withdrawal capacity of the Selkirk GS is frequently greater 
than 10% of Red River discharge during the fall and winter period. When river flow is low and 
the Selkirk GS is required to operate, the water withdrawal rate must be reduced to comply with 
the Licence requirement to throttle the CW pumps while considering the resulting temperature 
increases in the cooling water being discharged into Cooks Creek and backpressure limitations 
on the turbine.  
 

Table 5. Percent of days that withdrawal by the Selkirk GS would exceed 10% of daily 
average discharge in the Red River. Withdrawal based on capacity withdrawal (4.54 
m3/s per pump) and typical operation (85% capacity: 3.86 m3/s per pump). Red River 
discharge data collected daily between Lockport and Selkirk, 1962-2000. 
(Environment Canada 2002), and 2001-2002 provisional data provided by Manitoba 
Conservation Water Resources Branch. 

 
 Withdrawal Capacity  

(Intake pumps at high speed) 
85% Withdrawal Capacity 
(Intake pumps throttled) 

 2 Units 1 Unit 2 Units 1 Unit 

January 90.1 40.8 74.0 29.0 

February 94.7 39.8 82.3 31.3 

March 65.8 21.7 58.5 19.8 

April 11.1 2.8 8.4 2.0 

May 9.21 1.7 7.41 0.6 

June 13.01 1.5 9.71 0.7 

July 17.2 6.4 14.7 3.9 

August 39.6 17.7 32.8 11.7 

September 52.4 18.6 43.4 10.7 

October 50.1 14.9 40.7 8.2 

November 57.0 21.6 43.9 16.7 

December 73.6 31.3 62.8 24.5 

 
1 Clause 14 of Environment Act Licence 1645 RRRR for the Selkirk GS prohibits generation by more than one unit 
in May and June except under emergency power demand conditions acknowledged by the Director. 
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As stated previously, when the Selkirk GS is operating, the potential for impact on available 
aquatic habitat is greatest in the months of December, January, and February (Figure 6, Table 5 
and Appendix 4, Figures 12, 1, and 2). When river flows were at lower decile levels during those 
months there is the capacity to withdraw as much as 38, 43 and 44 percent of the river flow 
(Figure 6). For the 1962 to 2002 period of record for the months of December, January and 
February, the withdrawal capacity exceeded 10% of the median flow 15, 17, and 18 percent of 
the time, respectively. For the remaining nine months of the year the withdrawal capacity was 
less 10% of the median flow for more than 85% of the time.  
 
Observations as to the effect of water withdrawal on the available wetted habitat in the Red River 
between the water intake structure and Cooks Creek confluence indicate there is minimal if any 
drawdown of the Red River during plant operation. This can be explained by the role of Lake 
Winnipeg elevation as a primary determinant of Red River water level at Selkirk during median 
and lower decile flow conditions, and also by the back water effect created by the cooling water 
discharge from Cooks Creek into the Red River 7 km downstream from the intake. These 
stabilizing effects on Red River water levels are a result of the low river gradient throughout this 
reach. The absence of water level fluctuations is reflected in the stable ice cover in this reach of 
the river during the winter period. Withdrawal of cooling water has not resulted in any apparent 
loss of habitat in the Red River. 
 
4.1.2 Cooks Creek 
 
When the Selkirk GS is operating, the CW discharge into Cooks Creek provides the majority of 
the discharge through the lower reaches of the creek as the recorded minimum discharge of the 
creek in most months, except during spring freshet, is much less than the cooling water discharge 
with either one or two pump operation. The additional flows during operation provide some 
wetted stream habitat that otherwise would not be present in a 1 - 1.5 Km reach extending from 
upstream of the CW outfall to the downstream backwater-controlled sections of the stream.  
 
In summary, water is withdrawn from the Red River for cooling water when the Selkirk GS is 
operating. The rate of withdrawal is relatively low in most circumstances and is restricted by 
Licence conditions during low flow periods.  The cooling water is discharged into the lower 
reaches of Cooks Creek where the additional flows can result in a significant increase in 
discharge. However, effects on water level are generally confined to the 1.5 km of the creek 
below the cooling water outlet.  
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4.2 Impingement and Entrainment 
 
The large volumes of water withdrawn and intake velocities in the range of 0.5 m/s caused by the 
CW pumps created a potential for impingement and entrainment of fish and other biota in the 
cooling water flows. The possibility of fish and debris being entrained in the cooling water flows 
was recognized in the 1960's when the Selkirk GS was constructed and travelling screens with 
0.5 in (12.5 mm) mesh were installed within the pumphouse on each CW intake. The Licence for 
Selkirk GS has required that these screens be operated when the pumps are in service and that 
impinged fish be identified, enumerated and the records reported to Manitoba Conservation.  
 
Clause 14 of the Licence significantly reduces the potential for entrainment of spring-spawned 
larval fish in the Selkirk GS cooling water flows by restricting operation during the months of 
May and June to generation to only one unit in service at any time, except in emergencies. As 
shown in Figure 3, the amount of generation during these months is lower than in other months.  
 
Clause 30 of the Licence required the determination of the relationship between the rates of 
generation and impingement of fish. Studies and monitoring conducted between 1994 and 1998 
indicated impingement rates at that time were generally proportional to the amount of water 
withdrawal but the coincidence of operation with seasonal or random movements/presence of 
fish in the vicinity of the CW intake were the important factors (Baker and Horne 1994, Baker 
1996a, Baker 1996b, Baker and Zrum 1997, Toews and Schneider-Vieira 1998b). 
 
In 1999 Manitoba Hydro contracted for an inclined fish screen to be designed in consultation 
with Fisheries and Oceans.  This screen, installed in November 1999 on the outside face of the 
CW pump house has significantly reduced fish impingement and entrainment by providing an 
external barrier with significantly lower intake velocities and smaller screen openings than those 
at the traveling screens within the pump house (Photo 3). The screen is designed to protect sub-
carangiform fish species (i.e., virtually all fish species in the Red River have this form of 
swimming mode) 25 mm long or longer from impingement and entrainment.   
 
The traveling screens within the CW pump house continue to be operated to confirm the 
effectiveness of the inclined screen. Results show the inclined screen has been very effective in 
excluding large fish from the cooling water stream. 
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4.2.1 Entrainment of Small Fish and other Biota 
 
Larval fish and other aquatic biota small enough to pass through the inclined intake screen may 
become passively entrained in the CW flow. Organisms entrained in the cooling water are 
subjected to physical and thermal stress before being discharged into Cooks Creek. As most fish 
species in the Red River spawn and hatch in the spring, the potential for entrainment of drifting 
larvae of species such as walleye, sauger, and northern pike is highest during April, May, and 
June. Fish small enough (<25 mm) to pass through the CW intake screens do not have sufficient 
swimming ability to avoid entrainment in the cooling water flow. Consequently, the magnitude 
of fish entrainment is a function of the volume of water drawn through the screens, velocity 
distribution across the surface of the screen relative to the through-screen velocity, and the 
densities of small fish in the entrained water.  However, densities of drifting larvae in the Red 
River are not evenly distributed vertically or horizontally across the river channel (Toews and 
Schneider-Vieira 1998b, Neufeld and Lawrence 2000, Bezte and Lawrence 2003b). Studies 
conducted to characterize patterns of larval drift in the Red River have reported higher densities 
at the river surface in comparison to mid-depth in the water column, and higher densities near the 
riverbanks than those near the middle of the river channel (Toews and Schneider-Vieira 1998, 
Neufeld and Lawrence 2000, Bezte and Lawrence 2003b).  
 

 
 
Photo 3. Installation of the inclined intake screen on the face of the Selkirk GS cooling water 

intake, November 1999. 
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Prior to installation of the inclined screen, studies of fish entrainment in the Selkirk GS cooling 
water flows were conducted in July 1994 (Baker and Horne 1994), February 1996 (Baker 
1996b), and in the springs of 1996 (Baker and Zrum 1997) and 1998 (Toews and Schneider-
Vieira 1998a). Baker and Horne (1994) reported that larval densities were similar in samples 
collected from the CW system and from the Red River; however, specific locations were not 
recorded for the Red River samples. Toews and Schneider-Vieira (1998) reported larval fish 
were entrained in the CW flow at higher densities than in the most portions of the river. They 
estimated that between 3.2 and 7.5 % of the total larval drift in the Red River was being 
entrained during CW operations in 1998.   
 
Following installation of the inclined screen in 1999, Neufeld and Lawrence (2000) recorded 
significantly lower densities of larval fish were entrained in the CW flow than were in the river. 
A similar investigation was conducted in 2003 with emphasis on providing a more precise 
determination of larval fish partitioning in the river and on the relationship between river density 
and CW discharge density of larval fish (Bezte and Lawrence 2003b).  This latest investigation 
provided similar results; fish density in the CW intake was considerably lower than that 
measured in the Red River water column nearest to the CW intake. These two studies, when 
compared to results of previous work strongly show a benefit of the inclined screen beyond its 
design criteria. In terms of the effect of entrained larval fish on the Red River fish community, 
the post-inclined screen studies estimated that larval fish being entrained during one-pump CW 
withdrawal represent between 0.2 and 0.36 % larval fish present in the river during times when 
CW withdrawal was between 1 and 2 % of river discharge. Impacts are expected to have been 
immeasurable from this low rate of loss.  
 
Studies have estimated that mortality of larval fish entrained in the cooling water flow through 
the Selkirk GS is between approximately 84% (Toews and Schneider-Vieira 1998a) and 90% 
(Neufeld and Lawrence 2000). 
 

4.3 Thermal Effects 
 
Fish present in Cooks Creek and in the Red River downstream of the Selkirk GS discharge 
experience two potential thermal impacts associated with the cooling water discharge; i) 
exposure to higher temperature water and ii) thermal shock associated with introduction and 
termination of the heated water discharge. Ambient water temperatures in the Red River and 
Cooks Creek during mid-summer often approach, but seldom exceed, the upper limit of the 
suitable temperature range for the cool-water fish species supporting the local recreational 
fishery. Laboratory experiments showed growth in walleye does not occur above approximately 
28 °C (Koenst and Smith 1976) and the upper limit for growth in northern pike is approximately 
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27 °C (Inskip 1982). The upper lethal temperature for cool-water fish species in the Selkirk reach 
of the Red River is estimated to be 30 °C (Schneider-Vieira 1999). 
 
4.3.1 Warming of the Red River 
 
Operational controls are in place to ensure that the cooling water discharge from the Selkirk GS 
during the summer does not elevate Red River water temperatures beyond desired limits. Clause 
18 of the Licence for the Selkirk GS requires reduction or cessation of generation in the event 
that Red River temperatures within the fully mixed zone downstream of Cooks Creek equal or 
exceed the Maximum Weekly Average Temperature (MWAT) of 25.5 °C.  Ambient water 
temperatures in the Red River between Lockport and Selkirk in the 1982 to 1995 period 
exceeded 26 °C approximately 2.5 % of the days in June, 1.4 % of the days in July, and 1.1 % of 
the days in August (Environment Canada 1997). Temperatures above 29 °C were not observed 
during the period of record. Monitoring stations have been established to measure ambient and 
thermal discharge temperatures.  
 
In the open water season the cooling water discharge from the Selkirk GS creates a buoyant 
plume of elevated temperatures along the east bank of the Red River downstream of Cooks 
Creek (Baker 1994). The measured thermal plume during cool, wet conditions with the Selkirk 
GS operating at reduced capacity was only slightly warmer than the water in the Red River and 
was detectable only a few hundred meters downstream (Baker 1994).  In winter the cooling 
water plume is denser (maximum density of fresh water is achieved at about 4 C) than the colder 
river water and remains on or near the river bottom until cooling and mixing lowers the 
temperature to ambient conditions (0-1 C). 
 
The cooling water discharge is consistent with the requirements of the Manitoba Water Quality 
Standards, Objectives and Guidelines which state that effluent plumes must not cover more than 
25 % of the cross-section of the receiving stream, and that the plume must not be lethally toxic to 
fish (Manitoba Conservation 2002). 
 
In summary, while the Selkirk GS cooling water discharge introduces a thermal plume into the 
Red River for a short distance downstream of Cooks Creek, effective operational controls and 
monitoring are in place to protect against excessive temperatures in the river. 
 
4.3.2 Warming of Cooks Creek 
 
When the Selkirk GS is operating the CW discharge warms aquatic habitat in the lower reaches 
of Cooks Creek. As the cooling water contributes the majority of flow in the creek during most 
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months, water temperatures in the creek closely match those of the cooling water discharge. In 
the absence of heavy rainfall, local runoff or winter conditions, little or no cooling occurs within 
the initial 2 - 4 km reach downstream of the CW outfall (Baker 1994, Eddy, Lawrence, and 
Graveline 2000, Schneider-Vieira 1999, Schneider-Vieira et al. 1998, Bezte and Lawrence 
2003a). Monitoring indicates that some cooling, dependent on weather conditions, does occur in 
the lower 4 – 6 km of the creek (Baker 1994, Eddy, Lawrence, and Graveline 2000).  
 
When the Selkirk GS is generating electricity, the once-through cooling process increases water 
temperatures by approximately 6 °C over ambient Red River inflow temperature. Operation of 
the Selkirk GS during summer months has the potential to increase temperatures in Cooks Creek 
above 27 °C in virtually all years (approximately 42% of the days in June, 82 % of the days in 
July, and 71 % of the days in August) when ambient water temperatures in Cooks Creek are 
similar to those in the Red River (Table 6). Temperatures greater than 30 °C might be expected 
to occur in Cooks Creek during most years, for 7% of the time in June, 25% in July and 22% in 
August. These frequency estimates are somewhat higher than may actually occur, as Cooks 
Creek ambient temperatures tend to be lower than the Red River.  
 
Consequently, while operation of the Selkirk GS during the summer provides increased flows in 
the lower reaches of Cooks Creek, it also provides flows at elevated water temperatures. 
Mortality to fish in Cooks Creek resulting from temperatures above 30 °C is probably rare (and 
has not been reported) as fish are able to move out of the creek to avoid higher temperatures. 
Operating restrictions on the Selkirk GS associated with the Red River MWAT limits also 
indirectly limit temperature increases in Cooks Creek. 
 
Water temperatures and temperature decline rates are continuously monitored in Cooks Creek at 
several locations, including a site upstream of the cooling water outfall as required by Clause 34 
of the Licence. Monitoring results including water temperatures and cooling water decline rates 
are reported to Manitoba Conservation in accordance with the Licence 
 
4.3.3 Fish Utilization in Cooks Creek 
 
In a study of fish utilization of Cooks Creek in 2000 during periods when Selkirk GS was 
operating and when it was not (Eddy, Neufeld and Lawrence 2000), fish catches were higher 
during operation of the Selkirk GS than when no cooling water was being discharged into the 
creek. Wet conditions prevailed during this study, with dilution of the cooling water by the 
natural discharge in Cooks Creek. Water temperature measurements in the creek averaged 
20.6°C in July and 17.4 °C in September, and did not exceed 25.0 °C. Site-specific data on fish 
utilization of the creek during extreme high temperature conditions has not been collected. 
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However, in the absence of these data, it should be noted that no fish kills or stressed behaviour 
during the summer period has been reported by residents living along the creek or observed by 
Manitoba Hydro staff and consultants working along the creek. 
 

Table 6. Frequency that discharge of cooling water could result in water temperatures in 
Cooks Creek greater than those considered suitable for growth and survival of cool-
water fish. Temperatures based on Red River temperatures downstream of Lockport, 
1982-1995 (Environment Canada 1997); assumes cooling water increases ambient 
temperatures by 6 °C and Cooks Creek temperature is equal to Red River. 

  May June July August September 

% of years exceeding 27 °C 21.4 78.6 100.0 100.0 14.3 

% of years exceeding 30 °C 7.1 28.6 71.4 71.4 7.1 

       

% of days exceeding 27°C      

 with current Red River MWAT 
restrictions 3.3 36.8 76.7 69.0 2.5 

       

% of days exceeding 30 °C      

 with current Red River MWAT 
restrictions 0.5 6.8 25.0 21.7 0.7 

 
 
Cooling water discharge from the Selkirk GS comprises a significant part of the flow in the 
lower reaches of Cooks Creek. While this heated water does, at times, raise temperatures in the 
Creek above optimal conditions for cool water fish, the creek continues to support diverse 
populations after several decades of operation of the Selkirk GS. Monitoring facilities and 
programs are in place to continuously document temperature conditions in the creek. 
 
4.3.4 Spawning and Larval Development 
 
Larval development is considered to be the most sensitive stage in the life cycles of most fish. 
Many of the important species in the Red River fishery (walleye, sauger, and northern pike) 
spawn in early spring. Survival and development of these fish from egg to post-hatch larvae are 
most successful under a regime of gradually increasing temperatures (Koenst and Smith 1976). 
Water temperatures warmer or colder than those to which the fish are adapted can result in 
immediate or delayed mortality due to exposure to lethal temperatures, delayed development, or 
lack of feeding opportunities. 
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The development of larval walleye (from initial spawning to completed hatching) in the Red 
River and Cooks Creek occurs over a period of approximately five weeks, commencing from the 
date ambient water temperatures increase to and remain above 6 °C (Schneider-Vieira 1999, 
Toews and Schneider-Vieira 1998a, Baker and Zrum 1997, MacDonell and Lawrence 1996). 
Laboratory tests conducted by Koenst and Smith (1976) demonstrated that early stages of 
development in walleye and sauger occur over time as temperatures increase from 6.0 °C to 20.9 
°C, with significant mortality occurring at both temperature extremes. Based on this finding and 
other studies reviewed in Schneider-Vieira (1999), fisheries managers identified a temperature of 
18 °C as the upper lethal temperature for walleye and sauger in the Red River during the 5-week 
larval development period. As required by Clause 18 of the Licence, the Selkirk GS reduces 
operation or ceases to operate when, during the 5-week period of larval development, 
temperature in the Red River exceeds, or would be caused by operation of the GS to exceed, the 
MWAT limit of 18 °C in the fully mixed zone.  
 
The MWAT limits in the Licence do not apply to Cooks Creek; operation of the Selkirk GS in 
the months of April and May, may expose larval fish downstream of, and drifting past, the CW 
outfall in Cooks Creek to lethal and near-lethal temperatures. Red River water temperature data 
from 1982 – 1995, shows an average temperature of 12 °C approximately two weeks after the 
start of walleye spawning (Schneider-Vieira 1999). The cooling water discharged into Cooks 
Creek is usually heated 6-7 °C above ambient temperatures and therefore inputs to the creek may 
exceed the 18 °C temperature limit for walleye and sauger in Cooks Creek during the final three 
weeks of the larval development period.  
 
Restriction to one-unit operation in May and June (Clause 14 of the licence) and the normally 
higher flow in the creek in the spring reduces the risk of harmful effects on developing eggs and 
larvae. During years where there are low flows in Cooks Creek, thermal impacts on spawning 
and larval development in Cooks Creek may not be substantially mitigated as water temperatures 
in the 1 – 1.5 km of the creek below the outfall are not be materially different whether one or two 
CW pumps are operated. However, despite lower decile flows that were present in the spring of 
2000 during the Cooks Creek spawning study (Eddy, Lawrence and Graveline 2000) fish were 
not exposed to temperatures in excess of 12 oC during spawning activity. Later, during the period 
of egg incubation and larval drift (April 20 to May 15) Cooks Creek water temperature 50 m 
below the CW outfall rose as high as 22.5 oC. The authors concluded that CW inputs during the 
low flow conditions of spring of 2000 had contributed positively to spawning conditions in the 
1.5 km reach below the outfall because the otherwise low natural flows in the creek would likely 
have limited spawning success. Under more normal spring flows, the benefits of CW discharge 
would not be apparent.  
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Intermittent operation of the Selkirk GS in spring may contribute to mortality of larval fish by 
stimulating early spawning when there is warm CW discharge and then allowing water 
temperatures in the creek to drop to unsuitably low ranges when generation ceases. However, it 
is expected that as long as temperatures do not exceed the high and low extremes suitable for 
development, then impacts would not be large.  
 
During prolonged operation of the Selkirk GS in the winter of 1988, MacDonald (1988) 
documented movements of northern pike into Cooks Creek in February, and of white sucker and 
white bass in spawning condition in March, well before ambient conditions were suitable for 
spawning. The presence of the barrier fence at the mouth of Cooks Creek now minimizes the 
potential for similar occurrences. 
 
Discharge of cooling water from the Selkirk GS has no measurable negative effect on spawning 
activity and larval development of fish in the Red River. Regulatory controls restrict operation in 
circumstances where effects may occur, providing protection for Red River fish. Unavoidable 
thermal effects can occur in Cooks Creek in some years; having a minor negative effect on the 
reproduction of fish in downstream portions of that stream. Any reproduction effects that may 
occur are not thought to have significantly affected regional or local Red River fisheries.  
 
4.3.5 Fish Movements and Migration  
 
The presence of a warm-water plume from Cooks Creek into the Red River has the potential to 
attract fish from the river into the creek in some seasons. During winter attraction into Cooks 
Creek could make fish susceptible to thermal shock and stress from lack of overwintering 
capacity from flow reductions when there are cutbacks or termination of cooling water discharge 
from the Selkirk GS.  
 
Fall and Winter 
 
Channel catfish move to overwintering habitat in the Red River downstream of Cooks Creek in 
fall as water temperatures approach 5 °C (Tyson 1996). During this period of migration, catfish 
are particularly susceptible to attraction into warm water plumes. The large numbers of channel 
catfish found in Cooks Creek in the winter of 1987/88 was likely the result of the attraction of 
the catfish into the creek during prolonged operation of the Selkirk GS in the fall of 1987. The 
installation of a barrier fence at the mouth of Cooks Creek after the formation of ice cover now 
reduces the potential for this occurrence. 
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Open Water Season 
 
At all but the highest natural flows in Cooks Creek, the CW discharge contributes a large 
proportion or all of the flow in the creek downstream of the CW outfall. Fish or other biota 
moving along the creek in this flow must pass through a defined temperature gradient upstream 
of the outfall when the Selkirk GS is in operation. At some times this temperature differential 
can be large; for example, on August 20, 2003 with one unit in service, water temperatures in 
Cooks Creek 1 km upstream of the outfall were 18.6 °C m compared to 33.6 °C 1 km 
downstream and 33.4 °C 4 km downstream of the outfall (Bezte and Lawrence 2003a). Fish 
moving through this temperature gradient in Cooks Creek could be susceptible to thermal shock. 
The extent to which fish sensed and responded to the unfavourable temperature differential is 
unknown.  
 
During the summer months, fish movements in Cooks Creek are likely limited to random 
movements of resident fish, and to the downstream migration of young-of-the-year fish spawned 
in upstream reaches of the creek. The potential for the thermal plume from the CW outfall to 
present a barrier to upstream spawning migrations of fish during the spring was investigated in 
2000 (Eddy, Lawrence and Graveline 2000). Results indicate white suckers in spawning 
condition appeared to be congregating in the thermal plume below the CW outfall. However, 
large numbers of sucker eggs and larvae were also collected in reaches upstream of the CW 
outfall, indicating that the CW discharge did not act as an ongoing barrier to fish movements. 
Walleye and sauger also moved upstream of the CW outfall where they spawned (Eddy, 
Lawrence and Graveline 2000).  
 
Under conditions experienced in late spring through the fall of 2000 (higher than average Cooks 
Creek flow) cooling water discharge from the Selkirk GS resulted in more abundant but less 
diverse fish catches during periods of CW discharge. Differences in catch were more apparent 
closer to the outlet than in farther downstream reaches.  
 
4.3.6 Thermal Shock 
 
Fish and other aquatic organisms acclimated or tolerant of particular water temperature regimes 
are susceptible to thermal shock if water temperatures decline suddenly. In severe situations, 
thermal shock can cause immediate mortality, or mortality after periods of several days. Non-
lethal thermal shock can cause stress, which may be manifested in several ways including 
physiological changes, developmental delays, disorientation and increased predation. Manitoba 
Conservation Water Quality Objectives (2002) stipulate that thermal effluents must not warm 
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receiving waters in the fully mixed zone to temperatures above which fish could not survive if 
those waters were suddenly returned to ambient temperatures.  
 
The requirement for intermittent generation at the Selkirk GS has the potential to cause 
incidences of thermal shock in fish and other biota in Cooks Creek. The possibility of thermal 
shock exists in all seasons, but is higher during the winter months, when temperature declines on 
shutdown can have the most severe effects. In the winter of 1987/88 northern pike, walleye, 
common carp, and large numbers of channel catfish were killed in Cooks Creek due to thermal 
shock when the Selkirk GS generation shutdowns and load reductions occurred and cooling 
water discharge quickly terminated/reduced (MacDonald 1988). No fish kills had been 
previously recorded. To minimize the potential for repeating such occurrences the Selkirk GS 
has implemented modified shutdown procedures to moderate the rate of temperature decline in 
Cooks Creek. Clause 16 (b) of the Licence requires Manitoba Hydro to ensure that upon each 
generation shutdown at the plant, the rate of water temperature decline in Cooks Creek 
approximately 1 km downstream of the CW outfall does not exceed 1.0 °C per hour during 
winter or 2.5 °C per hour during the open-water season. Temperature decline rates are managed 
through staged shutdowns of the CW pumps.  
 
To further minimize thermal shock to aquatic biota in the Red River during the winter, Clause 18 
of the Licence 1645 requires that operation of the Selkirk GS does not warm the Red River 
downstream of Cooks Creek above a (MWAT) of 4 °C from December through March. In 
addition, Manitoba Hydro has installed a fish barrier fence across the mouth of Cooks Creek in 
winter to prevent movement of fish into the creek. The fence is installed as soon as stable ice on 
the creek allows safe installation, and is removed before spring breakup. The 1” (2.5 cm) square 
wire mesh fence excludes larger fish but does not prevent the movement of forage fish into or 
out of the creek. Clause 17 of the Licence stipulates the requirement for installation of this fence 
each winter. As a result of modified shutdown procedures, winter MWAT limits and installation 
of fish barrier fence, no other instances of fish kill have been recorded or reported since the 
1987/88 occurrences. Notwithstanding the current preventative measures, under certain 
circumstances, fish may still be attracted into the creek during prolonged operation of the Selkirk 
GS in the fall prior to installation of the fence. When the fence is installed it may entrap fish 
already in the creek at the time of installation. A plan to modify the timing of barrier fence 
installation to minimize this from occurring is currently being considered. 
 
Larvae in Cooks Creek in spring are also exposed to conditions which might induce thermal 
shock upon drifting downstream in the warm cooling water plume and moving into cooler 
reaches of the creek or the Red River. Koenst and Smith (1976) reported high mortality in 
walleye and sauger fry exposed to an instantaneous temperature decline from 11 °C to 6 °C.  



 

36 

During shutdown of the Selkirk GS in the spring of 2000 a temperature decline of this magnitude 
in Cooks Creek was documented, but over a two day period (Eddy, Lawrence, and Graveline 
2000); presumably there was sufficient time for acclimatization. Prior to this shutdown, white 
bass, a species generally requiring temperatures above 14 °C for larval development (Scott and 
Crossman 1998) were found to have spawned in Cooks Creek in an area 250 m downstream of 
the CW outfall (Eddy, Lawrence and Graveline 2000).  
 
In summary, the intermittent operation of the Selkirk GS can expose fish to circumstances where 
thermal shock may occur due to wide variations in water temperature when the cooling water 
discharge commences and ceases and when fish move from natural waters into and out of the 
cooling water plume. Operational procedures to reduce rates of temperature change on shutdown 
and mechanical measures to exclude large fish from the cooling water plumes appear to have 
been effective in mitigating the potential for thermal shock. Further initiatives to address these 
concerns are described in Section 5.0.  
 
4.3.7 Cumulative Sub-Lethal Effects of Thermal Shock in Fish in Cooks Creek 
 
The maximum rates of temperature decline outlined in Clause 16 (b) of Licence are designed to 
protect fish in Cooks Creek from acute thermal shock upon shutdown of the GS. However, the 
Selkirk GS's role often requires higher rates of generation during periods of high demand during 
normal working hours on weekdays, with load reductions or shutdowns at night and during the 
weekends. In such instances fish and other biota in Cooks Creek can be subjected to repeated 
sub-lethal changes in water temperature. Sub-lethal effects of thermal shock including 
disorientation can be exhibited after delays of up to several days (MacDonald 1988). Chronic 
effects of repeated, sub-lethal thermal shock may include physiological changes, delayed 
mortality, increased susceptibility to predation and disease, and behavioural effects. In 
consideration of these concerns, procedures are presently under development to reduce potential 
stress that may be resulting during reductions (as opposed to shut down) in electricity 
generations. 
 
The extent of impacts to fish in Cooks Creek due to cumulative thermal shock is not known. 
However, the overall impact on the Red River fish community is presumed to be small as 
evidenced by the diversity of fish species and numbers of fish continuing to inhabit Cooks Creek 
and the adjacent reaches of the Red River after more than 40 years of operation of the Selkirk 
GS.  
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4.4 Mitigation Actions for Impacts to the Aquatic Ecosystem Resulting from Operation 
of the Selkirk GS 

 
The nature of the impacts to the aquatic ecosystem resulting from the required operation of the 
Selkirk GS are known and numerous mitigation actions have been taken to avoid or reduce those 
impacts. None-the-less the feasibility of additional mitigation measures for the ongoing 
unavoidable impacts resulting from continued operation of the facility is being assessed. 
 
Manitoba Hydro has implemented the following mitigation actions for the effects of operation of 
the Selkirk GS on the aquatic ecosystem: 

- operation of the Selkirk GS is restricted to one unit in May and June; 

- pumps are throttled if withdrawal is greater than 10% of Red River flow; 

- shutdowns and cutbacks are carried out to minimize temperature decline rate in Cooks 
Creek;  

- an inclined fish screen has been installed and maintained on the intake pumphouse to 
reduce impingement and entrainment of fish in CW flows; 

- a fish fence is installed and maintained at the mouth of Cooks Creek during winter 
months; 

- operated to meet maximum Weekly Average Temperature (MWAT) limits for the Red 
River;  

- water quality limits are set for effluents from the station sump, drain and ash lagoon;  

- water withdrawal and use volumes are monitored and reported; 

- effluent volumes and quality are monitored and reported; 

- fish impingement is monitored and reported; 

- studies have been conducted and reported on fish presence, larval entrainment, 
temperature declines and thermal plumes; 

- water temperature regimes are monitored and reported; 

- emergency operations and shutdowns are reported; 

- groundwater quality and movements are monitored and reported; 

- emergency response and spill containment procedures and equipment are implemented; 

- Expert consulting services, familiar with the facility are available to conduct 
investigations as required; and 

- Manitoba Hydro and Manitoba Conservation regulators communicate frequently 
regarding routine and exceptional circumstances at the Selkirk GS. 

 
Manitoba Hydro continues to review results of environmental monitoring and operating 
procedures to attempt to find feasible means to further reduce the impacts of cooling water 
process operations. Procedures to reduce the rate of cooling, to minimize exposure of fish to 
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temperature fluctuations in winter, and to reduce potential thermal shock associated with short-
term operational cutbacks are being developed. Studies are also underway to explore efficiency 
enhancements in the Selkirk GS thermal generating systems. 
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Figure A1. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in January from 1962 to 2002 inclusive, assuming capacity withdrawal 
by both units (9.06 m3/s total). “Percent of Recorded Red River Discharge” 
categories based on withdrawal of equal to or less than the values shown on the 
axis. Daily average discharge data obtained from Environment Canada 2002 
(1962-2000), and provisional data provided by Manitoba Conservation Water 
Resources Branch (2001-2002) (1271 days in total record). 

This figure should be read as follows: 
 
The values in red indicate the % of the period of 
record (days) that the withdrawal capacity of 
the Selkirk cooling water pumps equals or 
exceeds a particular % of the Red River 
discharge for the month of January. e.g. the 
withdrawal capacity equalled or exceeded 15 % 
or more of the Red River discharge for 55.0 % 
of the days; it equalled or exceeded 25 % or 
more of the Red River discharge for 27.3% of 
the days. 
 
The green bars illustrate the number of days in 
the period of record that the withdrawal 
capacity of the Selkirk cooling water pumps 
were equivalent to a particular % of Red River 
discharge. 
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Figure A2. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in February from 1962 to 2002 inclusive, assuming capacity 
withdrawal by both units (9.06 m3/s total). “Percent of Recorded Red River 
Discharge” categories based on withdrawal of equal to or less than the values 
shown on the axis. Daily average discharge data obtained from Environment 
Canada 2002 (1962-2000), and provisional data provided by Manitoba 
Conservation Water Resources Branch (2001-2002) (1158 days in total record). 
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Figure A3. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in March from 1962 to 2002 inclusive, assuming capacity withdrawal 
by both units (9.06 m3/s total). “Percent of Recorded Red River Discharge” 
categories based on withdrawal of equal to or less than the values shown on the 
axis. Daily average discharge data obtained from Environment Canada 2002 
(1962-2000), and provisional data provided by Manitoba Conservation Water 
Resources Branch (2001-2002) (1271 days in total record). 
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Figure A4. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in April from 1962 to 2002 inclusive, assuming capacity withdrawal 
by both units (9.06 m3/s total). “Percent of Recorded Red River Discharge” 
categories based on withdrawal of equal to or less than the values shown on the 
axis. Daily average discharge data obtained from Environment Canada 2002 
(1962-2000), and provisional data provided by Manitoba Conservation Water 
Resources Branch (2001-2002) (1230 days in total record). 
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Figure A5. Histogram showing the frequency that various proportions of the total instantaneous 
discharge in the Red River could have been withdrawn by the Selkirk GS in May 
from 1962 to 2002 inclusive, assuming capacity withdrawal by one unit (4.53 
m3/s). “Percent of Recorded Red River Discharge” categories based on 
withdrawal of equal to or less than the values shown on the axis. Daily average 
discharge data obtained from Environment Canada 2002 (1962-2000), and 
provisional data provided by Manitoba Conservation Water Resources Branch 
(2001-2002) (1271 days in total record). 
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Figure A6. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in June from 1962 to 2002 inclusive, assuming capacity withdrawal by 
one unit (4.53 m3/s). “Percent of Recorded Red River Discharge” categories based 
on withdrawal of equal to or less than the values shown on the axis. Daily average 
discharge data obtained from Environment Canada 2002 (1962-2000), and 
provisional data provided by Manitoba Conservation Water Resources Branch 
(2001-2002) (1230 days in total record). 
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Figure A7. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in July from 1962 to 2002 inclusive, assuming capacity withdrawal by 
both units (9.06 m3/s total). “Percent of Recorded Red River Discharge” 
categories based on withdrawal of equal to or less than the values shown on the 
axis. Daily average discharge data obtained from Environment Canada 2002 
(1962-2000), and provisional data provided by Manitoba Conservation Water 
Resources Branch (2001-2002) (1271 days in total record). 
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Figure A8. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in August from 1962 to 2002 inclusive, assuming capacity withdrawal 
by both units (9.06 m3/s total). “Percent of Recorded Red River Discharge” 
categories based on withdrawal of equal to or less than the values shown on the 
axis. Daily average discharge data obtained from Environment Canada 2002 
(1962-2000), and provisional data provided by Manitoba Conservation Water 
Resources Branch (2001-2002) (1271 days in total record). 
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Figure A9. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in September from 1962 to 2002 inclusive, assuming capacity 
withdrawal by both units (9.06 m3/s total). “Percent of Recorded Red River 
Discharge” categories based on withdrawal of equal to or less than the values 
shown on the axis. Daily average discharge data obtained from Environment 
Canada 2002 (1962-2000), and provisional data provided by Manitoba 
Conservation Water Resources Branch (2001-2002) (1230 days in total record). 



 
 
 

 
 

October

185

448

284

162

103

20 21 17 9 8 13

15.0%

6.9%
5.4%

3.7% 2.4% 1.7% 1.0%

27.8%

50.2%

85.4%

0

200

400

600

800

1000

1200

5 10 15 20 25 30 35 40 45 50 More

% of Recorded Red River Discharge

# 
D

ay
s 

19
62

-2
00

2

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

# of days % of days withdrawal would exceed indicated % of river discharge
 

Figure A10. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in October from 1962 to 2002 inclusive, assuming capacity 
withdrawal by both units (9.06 m3/s total). “Percent of Recorded Red River 
Discharge” categories based on withdrawal of equal to or less than the values 
shown on the axis. Daily average discharge data obtained from Environment 
Canada 2002 (1962-2000), and provisional data provided by Manitoba 
Conservation Water Resources Branch (2001-2002) (1271 days in total record). 
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Figure A11. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in November from 1962 to 2002 inclusive, assuming capacity 
withdrawal by both units (9.06 m3/s total). “Percent of Recorded Red River 
Discharge” categories based on withdrawal of equal to or less than the values 
shown on the axis. Daily average discharge data obtained from Environment 
Canada 2002 (1962-2000), and provisional data provided by Manitoba 
Conservation Water Resources Branch (2001-2002) (1230 days in total record). 
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Figure A12. Histogram showing the frequency that various proportions of the total 
instantaneous discharge in the Red River could have been withdrawn by the 
Selkirk GS in December from 1962 to 2002 inclusive, assuming capacity 
withdrawal by both units (9.06 m3/s total). “Percent of Recorded Red River 
Discharge” categories based on withdrawal of equal to or less than the values 
shown on the axis. Daily average discharge data obtained from Environment 
Canada 2002 (1962-2000), and provisional data provided by Manitoba 
Conservation Water Resources Branch (2001-2002) (1271 days in total record). 


