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Executive Summary 
northwest hydraulic consultants (nhc) was retained by Catalyst Paper Corp. of Crofton 
BC, as part of a partnership , which includes the BC Ministry of Environment, Fisheries 
and Oceans Canada and the District of North Cowichan, to develop a preliminary 
feasibility design for a lake water pump station at the Cowichan Weir on the outlet of 
Cowichan Lake. This report describes potential alternatives for the facilities based on the 
feasibility design work completed to date. The feasibility design report is an interim 
study, and would be subject to changes and modifications based on the completion of 
additional engineering studies, including civil and hydraulic design, geotechnical 
investigations, surveys and structural analyses. 
 
During extreme drought conditions the discharge in the Cowichan River can fall below 
levels required for both fish habitat and licensed industrial use. These drought conditions 
traditionally occur during the fall months (September to October) when Cowichan Lake 
water levels are low. The lowest recorded lake level is El. 161.26 m GSC on October 1, 
1998. The crest of the exiting weir is at El. 162.37 m GSC. The lowest recorded river 
flow is 3.8 m3/s on September 8, 2003. These observations are based on Water Survey of 
Canada (WSC) flow records from 1975 to 2006. 
 
The proposed pump station would be located on the weir currently operated by Catalyst 
Paper at the outlet to Cowichan Lake, under direction and water licence issued by the BC 
Ministry of Environment, approximately 30 km from the town of Duncan. It would 
provide up to 7 m3/s (250 cfs) using five low head mixer pumps drawing water from 
Cowichan Lake discharging downstream over the weir, supplementing base flows during 
periods of drought to help sustain trout and salmon rearing habitat. Two options were 
developed: Option A with a cold water supply pipeline that could provide cold water for 
temperature mitigation, and Option B with a surface water supply. 
 
A preliminary location and lay-out for the pumping facilities were developed based on 
site and environment conditions, design parameters developed for the project and costs. 
The preliminary design criteria required that pumping facilities have considerable 
operational flexibility. They would have the capacity to operate occasionally (once every 
3 to 5 years) for extended durations (continuously for up to 100 days), as well as have the 
potential to remove pumps from site when not in use. The proposed pump station has the 
following key features: 
 

• constructed as part of the existing weir that minimizes civil works and additional 
off site impacts; 

• large inlet area that reduces velocities and potential fish entrainment, and 
maximizes boater and water recreation safety; 

• flexible delivery of volumes of lake water up to design flows using five, reliable 
low head mixer pumps attached to the upstream face of the concrete weir; 
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• potential for installation of a  large diameter cold water supply pipe extending 
from the weir approximately 1,000 m upstream to deliver cool hypolimnetic water 
to the pump station; 

• a sump upstream of the weir potentially capable of mixing cold water from depth 
in the lake with warmer surface water to provide temperature control in the 
discharged water; and 

• a concrete stilling structure downstream of the weir to ensure the higher velocity 
discharge flows do not erode the weir footing or river bed. 

 
The estimated total project capital costs for Option A – with the cold water supply – is 
estimated at $3.95 million and Option B - with the surface water supply – is 
$2.36 million including allowances for detailed design and engineering (7%), 
construction and environmental mitigation (5%) and cost contingencies (15%). Operating 
costs included power costs at $266 per day and an operations budget ranging from 
$25,000 to $36,000 per year. 
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1 Introduction 

1.1 Background 
Cowichan Lake and the Cowichan River provide fresh water for domestic consumption, 
industrial processes, recreation, visual aesthetics, fish habitat, effluent dilution, irrigation, 
and groundwater recharge. In addition to providing water for domestic uses, the 
Cowichan River system1 provides economic benefits to the local economy with water for 
industry, including the Crofton Pulp Mill, First Nations, commercial and recreational 
fisheries, tourism, and for shaping an attractive natural environment. Notably, the 
Cowichan River offers some the most productive and accessible fishing experiences in 
BC. However, as recognized in recent years, drought conditions have reduced the 
quantity of water available to provide sufficient flows throughout the year to satisfy all 
demands. To ensure the best possible use of this valuable resource, reduce management 
conflicts and protect key environmental values, the CVRD and its partners are 
undertaking a Water Use Plan process with stakeholders on the Cowichan River. 
 
Catalyst Paper Ltd. operates a weir on Cowichan Lake which seasonally regulates lake 
volume, water levels, and flows into the lower Cowichan River. In order to best budget 
the available water for fish throughout the year, an ad hoc committee, with 
representatives from Catalyst Paper, Cowichan Tribes, Fisheries and Oceans Canada, 
Ministry of Environment, Cowichan Valley Regional District, District of North 
Cowichan, Cowichan River Hatchery, Town of Lake Cowichan, and sports fishing and 
recreational users, have been dealing with these issues, and the implications of water 
availability and variable flows. Building on the ad hoc committee’s work, the 
development of a  Water Use Plan is underway with the goal to develop a long-term 
strategic watershed plan that will develop and manage a secure water supply and protect 
resource values into the future.  
 
Initial discussions were held with Dr. Ken Ashley of UBC Fisheries Research2, and 
Mr. Barry Chilibeck, P. Eng., nhc, regarding the feasibility of operating a large low-head 
pump at the Cowichan weir. From the outset, it appeared feasible to pump a yet to be 
determined volume of cool water from Cowichan Lake. This would be done with a 
submerged, large diameter pipeline placed on the lake bottom and fitted to a surface 
pump facility at the Cowichan weir. High voltage, industrial power is already at the site 
to supply a small pump station. The cold water could be pumped and mixed with surface 
flow at the weir facility to provide more suitable summer fish rearing temperatures in the 
lower Cowichan River. 
 

                                                      
1 The “Cowichan River system” includes both Cowichan Lake, tributaries and the Cowichan River. 
2 now with the Greater Vancouver Regional District (GVRD). 
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There are significant additional potential benefits besides fish and fish production. In 
drought years during the fall, water storage has been insufficient to provide adequate 
flows to dilute treated sewage effluent inputs, provide for licensed withdrawals –
particularly for the Catalyst Paper mill in Crofton – and support chinook migration and 
seasonal migration pulse flows. A large pump facility would provide an emergency 
option to partially improve these situations. 

1.2 Current Issues 
We understand that the Water Use Plan stakeholders in the Cowichan Valley will be 
responsible for developing recommendations and an action plan for short-term and long-
term water supply and management in the Cowichan River system that balances resource 
needs with water use. Contingent on this process are the studies and investigations that 
are required to provide a context to both scope and costs of various options that could be 
part of or considered in the Water Use Plan. This study provides this background 
information for the feasibility of pumping lake water over the Cowichan Lake weir. 

1.3 Scope of Work 
A preliminary design for the proposed Cowichan Lake Cold Water Pumping Facilities 
has been developed in accordance with the services agreement commenced in January 
2006 between Catalyst Paper and northwest hydraulic consultants (nhc). An 
engineering feasibility study was requested to determine if the following criteria could be 
met, and recommend a lake water pumping strategy, equipment, and provide preliminary 
design and cost estimates.  Key criteria were: 
 

• availability and supply of water to maintain a minimum flow in the Cowichan 
River of 7 m3/s.  

• availability and supply of cold hypolimnetic water to maintain a Cowichan River 
summer temperature of 16-18°C. 

• ability to pump supplemental water to support at least two chinook "pulse" flow 
releases of 18 m3/s for 2-3 days at the end of September, and in mid-October. 

• Minimize and mitigate potential hazards to boat navigation and public safety, and 
incorporate design elements that would foster community and stakeholder support 
in the Lake Cowichan area. 

 
At the onset of this feasibility study, one design criterion of the pump station concept was 
to ensure the station be capable of providing supplemental water to support at least two 
chinook "pulse" flow releases of 18 m3/s for 2-3 days at the end of September, and in 
mid-October. However, it was assumed that during extreme drought conditions the 
Cowichan system’s water budget will not be sufficient to safely provide this additional 
flow, and the size of such a facility would be unduly expensive for such limited use. 
Therefore, a preliminary pump station design was provided capable of conveying a 
maximum flow of 7 m3/s or 250 cfs. 
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2 Site and Environment 

2.1 Project Setting 
The weir and proposed pump station is located at the outlet of Cowichan Lake, within the 
Town of Lake Cowichan (Figure 1). The lake outlet rises from depths greater than 15 m 
to a shallow narrows where the current weir is located. The lake outlet water bottom 
profile is very flat from the weir downstream approximately 1.5 km, until channel 
gradient increases. There are numerous rock sills and riffles downstream of the weir that 
would control the outlet hydraulics at low flows if the weir were not installed. 
 
The Cowichan River’s banks are developed with numerous floats and docks and river-
side homes. Bank heights are relatively shallow near the weir and lake, but get 
progressively steep and high downstream below the highway bridge. The abutment and 
bank conditions at the weir are well-defined. However, the foundation of the weir section 
is not well-described, and geotechnical conditions under the proposed pump station will 
require further ground and engineering investigation.  
 
The existing boat lock, weir and spillway designs are presented in Figures 2 through 4. 
The fishway at the control weir provides both adult and juvenile fish passage along the 
right bank. The juvenile fishway lies within the adult fishway along the left wall. If the 
pump station were operated for durations greater than several days, provision for fish 
passage would likely be required.  

2.2 Hydrologic Data and Analysis 
Catalyst Paper provided the following sources for identifying design requirements for a 
cold water pumping facility: 
 

• 1968 data from KPA Engineering Ltd.; 
• 1992 data from Water Survey Data of Canada; 
• 2005-2006 data from Catalyst Paper; and 
• 200-yr flood level (including freeboard) from Mike Tippett at CVRD. 

 
With the weir operating, lake elevations are controlled between a range of water surface 
elevations. Above and below defined elevations, the weir does not control outflows from 
the lake. For design purposes nhc has assumed that operation of the pumping facility will 
be considered when the Cowichan Lake level is between El. 162.37 m GSC (“Full” 
Storage / Weir Crest Height) and El. 160.90 m GSC (Invert of the Open Spill Gate). Also, 
the facilities are to be designed to withstand a 200-yr flood event during which the lake 
water surface elevation is expected to reach El. 167.33 m GSC. 
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2.3 Bathymetric Data 
Bathymetric and existing structural data available both upstream and downstream of the 
existing weir is limited and additional data will be required prior to develop a detailed 
design for the project. The following sources of bathymetric data were provided at the 
onset of this study: 
 

• 2005 data from Norske Canada 
• 1991 Cowichan Lake Storage Assessment, KPA Engineering Ltd 
• 1990 Cowichan Lake Fishway Drawings, Department of Fisheries and Oceans 
• 1990 BC Ministry of Environment Cowichan Lake Survey Drawings 

 
To ensure water supplied to the pumping facility is approximately 10 C (target water 
temperature suited for salmonid habitat) the preferred Cowichan Lake water source is at 
El. 144 m GSC (18 m below weir crest water (Clifford, 19533). nhc has assumed that the 
source of cooler hypolimnetic water for the pumping facility will be from El. 144 m 
GSC. Water at this depth was estimated to be approximately 1,000 m upstream of the 
existing weir based on existing bathymetric information. 
 
Collection of additional bathymetric data above and below the weir was undertaken for 
supporting studies conducted by UMA Engineering Ltd. for the Water Use Plan. 
Additional detailed geotechnical evaluation in and around the weir will be required prior 
to the development of a detailed design. These data would include information related to 
foundation conditions along the weir, design information for footings and sheet pile walls 
of the proposed pump station. 

2.4 Flow and Temperature Criteria 
The current water licence provides a range of flows downstream of the weir that balance 
the instream flow needs for use and aquatic resource protection. The development of 
storage on Cowichan Lake provides the ability to increase the potential minimum flows 
that would naturally be experienced by the lower Cowichan River in an unregulated state. 
 
Salmonids –trout and salmon – require clean, cold freshwater that is free of harmful 
contaminants or pollutants. While these fish can live in a wide range of habitat 
conditions, they require fresh water that is highly saturated with dissolved oxygen (DO) 
with moderate temperatures and free of elevated levels of suspended sediment.  Optimum 
temperatures for rearing and fish growth range from 10-18°C and water temperatures 
exceeding 25°C can result in mortality or severe sub-lethal impacts depending on the 
period of exposure (Sullivan et al., 2000). 
 

                                                      
3 Carl, G. Clifford, “Limnobiology of Cowichan Lake, B.C.” Journal of the Fisheries Research Board of 
Canada, 9(9), 1953, pp. 417-449. 
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The Cowichan River reaches near-lethal temperatures of approximately 23-24ºC during 
summer months every year due to thermal warming of the surface waters of Cowichan 
Lake. Strong stratification reduces the relative mixing of the lake, resulting the warm 
surface flows through the Cowichan Lake weir. Fish in downstream reaches are forced to 
concentrate in small spring-fed refuge habitats until cooler fall periods. This greatly 
increases competition for space and food, and subjects juvenile fish to high predation and 
thermally-induced mortality. If base flows in the river drop below 7 m3/s in periods of 
drought, trout and salmon rearing habitat is further reduced and temperature-related 
impacts become more acute. 
 
Water temperature criteria in the table below illustrate the recommended temperature 
ranges for freshwater rearing conditions. 

Table 1 Optimum Temperature Ranges of Specific Life History Stages 
of Salmonids (Ministry of Water, Land and Air Protection, 
2001) 

Species Incubation Rearing Migration Spawning 

Chinook Salmon 5.0-14.0 10.0-15.5 3.3-19.0 5.6-13.9 

Chum Salmon 4.0-13.0 12.0-14.0 8.3-15.6 7.2-12.8 

Coho Salmon 4.0-13.0 9.0-16.0 7.2-15.6 4.4-12.8 

Pink Salmon 4.0-13.0 9.3-15.5 7.2-15.6 7.2-12.8 

Sockeye 4.0-13.0 10.0-15.0 7.2-15.6 10.6-12.8 

Brown Trout 1.0-10.0 6.0-17.6 - 7.2-12.8 

Cutthroat Trout 9.0-12.0 7.0-16.0 - 9.0-12.0 

Rainbow Trout 10.0-12.0 16.0-18.0 - 10.0-15.5 

 
Operating protocols for the Cowichan Lake weir and river flows have been developed 
with the objective of maintaining a minimum 15 m3/s in Cowichan River prior to June 15 
and a minimum 7 m3/s from June 15 to end of the weir control period (typically on or 
before November 1), with provision for possible spring and fall pulse flows for fish 
migration. A rule curve is used to draft the available lake storage at a sustainable rate 
over a period of time until fall rains occur. These rains increase streamflows as well as 
refill Cowichan Lake. 
 
The rule curve protocol provides in-season flexibility to accommodate both fish and 
water use needs recognizing the relative uncertainty in flows and precipitation that 
accompany the summer operational period. All weir operations are executed by Catalyst 
Paper staff and include surveillance and monitoring of the weir, lake levels and river 
flows during the control period.  
 

Site and Environment 5 



nhc Cowichan Lake Weir Pumping Feasibility Study 
34387 Final Report 

To date, the working arrangement has provided a rational method providing regulatory 
parties and affected users a way to assess and manage flows and lake levels. Historical 
data illustrates both the operational aspects of flow management and lake levels, as well 
as the underlying hydrology of the Cowichan system.   

Figure 1 Historical Cowichan River Flows WSC 08HA002 (1975-2004) 
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Figure 2 Historical Cowichan Lake Levels WSC 08HA009 (1975-2004) 
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There have been two habitat-based instream flow studies completed on the Cowichan 
River. These studies were undertaken in 1987 – one regarding side channel connectivity 
(Burns et al., 1987) and the other juvenile rearing habitat use on the upper river 
(Wightman and Ptolemy, 1987).  
 
The second study was a biological assessment of the current 7 m3/s target minimum flow 
was undertaken over an 8 km index reach of the Cowichan River main stem above Skutz 
Falls. This study endorsed the summer maintenance flow of 7 m3/s which considered a 
combination of factors including habitat suitability for fish species life stages, and 
optimum wetted area of riffles – used as proxy for aquatic insect production – waste 
dilution, temperature moderation, and recreational use. A third assessment took place in 
the spring of 2006 examining side channel connectivity and steelhead spawning habitat 
above Skutz Falls (Pellett and Wightman, in prep.). 
 
The hydrological rationale for the 7 m3/s target minimum summer base flow was 
established by the Provincial government and fisheries agencies when the water licence 
was approved, and infrastructure built in the mid 1950s. The principle applied then was 
that the average minimum river flow below the Crofton Mill's intake would be the same 
as prior to the intake's operation, and thus have no net effect (George Bryden, Vancouver 
Island Water Manager, September 25, 2006, Letter to DFO, File 0206435).   
 
The 7 m3/s flow also recognized storage limitations on the lake, and was considered a 
reasonable proxy for fish conservation requirements in the lower Cowichan River. The 
KPA Engineering study (February, 1991) also acknowledged the 7 m3/s base flow as 
supportable from available storage but not in drought years. As a result, the Cowichan 
River above the Crofton Mill intake has benefited by a very significant increase in 
summer base flows over the pre weir natural baseflows e for over half a century.  
 
For the purposes of the report, we assumed that the quantity of water be required to be 
pumped downstream is the 7 m3/s minimum flow. Assuming no inflows and current 
evaporation conditions across the lake, this would result in approximately 25 mm / day 
stage reduction in Cowichan Lake. However, relatively significant inflows occur during 
the summer period – when the lake is under control and rule curve operation – that would 
ultimately reduce the total volume pumped from the lake, reducing the potential lake 
elevation reduction. The table below provides a example of the duration, volumes and 
frequency over the available period of record that lake pumping would have been 
required, and potential lake elevation changes. 
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Table 2 Historical Inflows and Potential Lake Pumping Requirements  

Year 
Dates of 
flows <  
7 m3/s 

No. 
of 

days 

Average 
Inflow 

m3/s-day 

Average 
Inflow 
m3/s 

Total 
Outflow 
at 7 m3/s
m3/s-day 

Additional 
Pumping 

Drawdown 
m3/s-day 

Potential 
Pumping

Drawdown
(m) 

1985 Jun 18 -  
Sep 24 97 551.9 5.7 679 127.1 0.45 

1986 Aug 6 -  
Oct 29 59 364.4 6.2 413 48.6 0.17 

1987 Jul 18 -  
Nov 12 93 560.3 6.0 651 90.7 0.32 

1989 Jun 16 -  
Oct 17 21 132.8 6.3 147 14.2 0.05 

1992 Jun 2 -  
Oct 18 78 456.1 5.8 546 89.9 0.32 

2003 Aug 11-  
Oct 15 63 316.4 5.0 441 124.6 0.45 
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3 Hydraulic Design 
The concept options described in the following section identify the preliminary pump 
sump, water supply pipe and discharge facilities and address, in general, associated 
hydraulic, construction, and operational issues. Detailed topographic, bathymetric, 
geotechnical, and structural surveys would be required to finalize the location and design 
of the proposed lake water pumping facility. The proposed design is based around two 
options: 
 
Option A: lake pumping station, upstream deep lake cold water supply pipeline and 

surface water sluice gates provide 7 m3/s and temperature modification of 
the downstream flows; and 

 
Option B: lake pumping station with a surface water supply and upstream excavation 

providing 7 m3/s capacity and no temperature control or modification. 

3.1 Pump Station 

3.1.1 Location 
The proposed pump facilities are located along the north end of the Cowichan Lake weir, 
adjacent to the existing boat lock. This location provides access for construction, 
operation, and maintenance of the proposed pumping facilities, as well as being close to 
existing power supplies required during operation. Historical and updated bathymetric 
surveys confirm the proposed site is located in the vicinity of the natural channel thalweg 
prior to construction of the timber crib weir in 1957. This will reduce the amount of 
excavation upstream required to ensure flow supply to the pump station by either an open 
channel or supply pipe in either option. 

3.1.2 Sump Layout 
The water collection sump will extend approximately 20 m south from the existing boat 
lock and 10 m upstream from the existing weir. To ensure that cold water does not mix 
with the warmer surface water during low flow conditions in Option A, and the sump 
does not restrict weir capacity, the top wall elevation will match the weir height of El. 
162.37 m. An invert elevation of El. 158.11 m will provide adequate pump submergence 
and clearance between the pumps and sump invert. Sheet piles driven to provide access 
during construction would be incorporated into the sump wall design.  
 
The cold water supply pipe in Option A would connect to the sump through the south end 
of the upstream wall. During peak operating conditions 7 m3/s will enter the sump at 
approximately 2.0 m/s creating a large re-circulating pattern within the sump. Baffles 
placed on the sump invert will be required to reduce the re-circulation patterns and help 
improve flow conditions approaching the individual pumps. The location of the cold 
water supply pipe and baffles would be finalized in a detailed design.  

Hydraulic Design 9 
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In Option A, several sluice gates would be provided in the upstream sump wall to provide 
warmer surface water flows and the ability for mixing and temperature control in the 
pumped water. It would also provide the ability to pump water if the pipeline was 
damaged or inoperable. These sluice gates would be set at an invert elevation near the 
bottom of the sump and provide enough open flow area for the expected maximum 
capacity but limit approach velocities to the gates to less than 0.3 m/s. Trash racks would 
also be installed in front of the gates to exclude debris greater than 300 mm width. 
 
In Option B, all or portions of the front sump wall would be removed and replaced with 
open area, stoplog guides and a trash rack to exclude debris greater than 300 mm width. 
To ensure adequate flow area to the sump at minimum lake elevations, an excavated 
channel would be required from the front of the sump upstream at a minimum elevation 
of 159.9 m. The extent and volumes of excavation have not been determined at this time. 

3.1.3 Modified Control Weir 
In either option, the section of the existing weir defining the downstream end of the sump 
will be replaced with a concrete weir capable of supporting pumps five mixer pumps. 
Five 0.81 m diameter portals would be installed through the concrete to covey flow from 
the pumps. The width of the new weir is expected to remain consistent with existing 
sections. However, the weir geometry may have to be adjusted to accommodate a 
working platform for the installation of pumps. During higher flow the sump and 
modified weir are not expected to significantly impact the operation of the control 
structure. 

3.1.4 Pump Type and Pumping Requirements 
The pump station is required to provide a minimum 7 m3/s in the Cowichan River. This 
can be accomplished using a virtually limitless combination or number of pumps and 
pump types. We recommend utilizing five (5) low head mixer pumps for the design of 
this pump station. These pumps were selected because they are relatively low cost, are 
removable, provide operational flexibility and are reliable. The pumps have been 
positioned to ensure adequate submergence and clearance as per the manufacturer’s 
specifications. The pumps can be operated individually, as required, to provide 
downstream flows.  
 
The pump specified in the design is a mixer/agitator pump, model PP4680, produced by 
ITT Flygt©. With 37 kW of power and a 15 degree 3-blade open impellor, it produces 
23,500 USGPM at 1 m dynamic head and approximately 65% hydraulic efficiency. These 
pumps rotate at 440 RPM using 3 phase 600 V power (230 A starting/60 A rated). With 
minimum submergence conditions, a vortex suppression shield would also be required to 
ensure the pump does not cavitate and draw open air into the discharge flow, reducing 
pump performance.  
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3.2 Water Supply 
3.2.1 Option A - Pipeline Intake 

With Option A, cold hypolimnetic water from Cowichan Lake would be supplied from a 
point approximately 1,000 m upstream of the weir at a depth greater than 20 m via a 2.13 
m diameter pipe. Head loss through the water supply pipe is expected to reach 0.97 m 
during design flow conditions. Assuming the minimal lake water surface is El. 160.90 m, 
the water level within the sump is expected to be approximately El. 159.93 m. 
 
A submerged trench extending from the upstream end of the sump would be excavated to 
contain the water supply pipe. The excavation would ensure that the crown of the pipe 
matches the water surface elevation in the sump during the lowest lake water levels and 
design flow conditions to ensure the pipe remains submerged. The trench would extend 
out into the lake until the pipe invert reached El. 157.80 m contour or lower. It is 
anticipated the pipe would be floated onto the lake surface over the trench and then sunk 
into place. The trench could be either backfilled or the pipe could be anchored to reduce 
the potential for shifting. 
 
The pipe would discharge into the sump upstream of the five mixer pumps. Bulkheads 
between the supply pipe, the sump and the surface water gates should be considered to 
isolate each hydraulic component when maintenance is required. During normal 
operating conditions the bulkheads would be removed. 
 
The head differential between the upstream lake level and sump water elevation provides 
the driving head to the surface water gates. It may be advantageous to slope the approach 
channel to the surface water gates to the sump invert elevation and submerge the gate 
openings completely. Approximately 4 m2 of open area is required in a combination of 
standard water control sluice gates.   

3.2.2 Option B - Surface Water Intake 
In Option B, the pipeline is deleted with sluice gates and trash racks installed on the front 
face of the sump. Assuming the minimal lake water surface is El. 160.90 m, the water 
level within the sump is expected to be approximately El. 159.93 m. Head differential 
between the upstream lake level and sump water elevation provides the driving head for 
the submerged surface water gates.  
 
The approach channel to the surface water gates slopes down to the sump invert elevation 
and would submerge the gate openings completely at all flows. Approximately 4 m2 of 
open area is required in a combination of standard water control sluice gates to provide a 
design flow of 7 m3/s to the sump and system of pumps. The upstream channel in front of 
the trash rack would be sized to provide approach velocities not greater than 0.3 m/s. This 
requires a minimum invert elevation of 159.90 m extending upstream – daylighting to 
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depth in the lake and expanding in cross section to ensure minimum losses in approach to 
the pump station.   

3.3 Outlet Facilities 
During low flow conditions it will be important to still the high velocity flow from the 
pumps to avoid potential undercutting of the existing weir and boat lock. A stilling basin 
located immediately downstream of the existing weir will be fabricated to help 
redistribute the flow and reduce the potential for scour downstream. 
 
The proposed design will include a concrete apron extending 10 m below the existing 
downstream weir face with a top elevation set at the downstream invert of the 0.81 m 
pipes, El. 158.35 m. A 0.6 m square deflector baffle located 1.5 m downstream of the 
outlet pipes will help redistribute high velocity jets over the concrete apron. 
Alternatively, riprap capable of withstanding velocities of 3 m/s may be placed up to 
El. 158.35 m. 
 
Once the concrete apron or rip rap is installed the caisson surrounding the stilling basin 
will be cut off at El. 158.35 m. Additional protection downstream and south of the stilling 
basin may be required to prevent potential undercutting of the existing timber crib weir. 
A geotechnical evaluation of the foundation will be required to ensure the stability and 
bearing capacity of the existing and proposed structures. 
 
As the pump station would provide the bulk flows downstream of the weir, any upstream 
migrating fish would likely be attracted to the outflow of the pump station opposite the 
existing fishways on the right bank of the weir. As part of the design, two fishways would 
be required at each side of the pump station supplied by smaller pumps. The fishways 
would utilize a bottom diffuser supply with a suitable baffle design at the fishway 
entrance and a channel or cascade discharge to the upstream lake. Similar designs have 
been used at pump stations on the Serpentine River in the Lower Mainland to provide 
fish access. 
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4 Proposed Pump Station Operation 
The design parameters assume the pumping facilities will operate to provide both 
fisheries and water license flows of up to 7 m3/s (250 cfs). Also, for design purposes, nhc 
has assumed that operation of the pumping facility will be considered when the 
Cowichan Lake level is between El. 162.37 m and El. 160.90 m. 
 
A review of the cross-section data provided by Catalyst identifies a natural hydraulic 
control approximately 250 m downstream of the weir. To ensure the additional flow 
provided by the pumps does not create enough head in the channel downstream of the 
weir to drive flow upstream through the spillway gates it is imperative the pumps operate 
only when the spillway gates are closed. Also, bulkheads on the downstream end of the 
pump portals should also be secured when the individual pumps are not in operation. 
 
If it is undesirable to have the pumps remain attached over the winter high flow season 
the pumps could be removed and stored on site or at the Catalyst mill in Crofton. The 
pumps could be transported to site and installed once Cowichan Lake water levels drop 
below the crest of the weir. Using the weir as a working platform, bulkheads isolating the 
upstream entrance to the 0.81 m portals will be removed and the pumps lowered into 
position using a guide rail system mounted permanently in place. The downstream 
bulkheads will remain in place until each individual pump is started.  
 
It is more likely the pumps would remain in place throughout the season as the lake 
responds quickly and it is unlikely that pump removal could be expedited in time prior to 
weir overtopping.   
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5 Capital and Operational Costs 
Preliminary construction cost estimates for both the cold water and surface water supply 
alternatives were considered and presented in the Table 3 and 
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Table 4. This class C estimate is expected to be accurate to within 15% of the actual costs 
and is contingent on market conditions, procurement of materials, site conditions, 
detailed design and value engineering. Estimates and quotations were provided by 
equipment and material suppliers as listed in the references. 
 
Operational costs were estimated by calculating the average of the total days of flows less 
than 7 m3/s experienced historically (69 days) as the assumed period of operation, 
multiplied by the pumps power requirements and an assumed cost of electricity ($0.06 
per kWh). Maintenance and repairs were estimated at 1% capital costs with an assumed 
project life of at least 20 years.  
 
Power costs were approximately $18,380 for a 69 day period at full capacity ($266 per 
day) with an assumed maintenance and repair budget ranging between $25,000 to 
$36,000 per year. Back-up power costs were estimated at approximately $7,000 per 
month based on portable diesel generators delivered to site. 
 

Table 3 Option A - Cold Water Pump Station Capital Costs 

Item Unit Rate Quantity Cost
1 Installation of sheet pile caisson m2 $270 500 $135,000
2 Demolition of existing weir LS  $50,000
3 Excavation of caisson m3 $50 500 $25,000
4 Metalwork kg $5 40,000 $200,000
5 Sluice Gates ea. $20,000 5 $100,000
6 HDPE pipeline m $1,250 1,000 $1,250,000
7 Structural concrete m3 $1,200 904 $1,084,800
8 Riprap m3 $100 100 $10,000
9 Mixer Pumps and Support ea. $51,000 5 $255,000

Subtotal    $3,109,800
Detail Design and Engineering (7%)    $217,686
Construction Supervision and Environmental Mitigation (5%)  $203,180
Project Contingency (15%)    $466,470
Total Project Estimate    $3,949,446

 

Capital and Operational Costs 15 



nhc Cowichan Lake Weir Pumping Feasibility Study 
34387 Final Report 

Table 4 Option B - Surface Water Pump Station Capital Costs 

Item Unit Rate Quantity Cost
1 Installation of sheet pile caisson m2 $270 500 $135,000
2 Demolition of existing weir LS  $50,000
3 Excavation of caisson m3 $50 500 $25,000
4 Metalwork kg $5 40,000 $200,000
5 Sluice Gates ea. $20,000 5 $100,000
6 Structural concrete m3 $1,200 904 $1,084,800
7 Riprap m3 $100 100 $10,000
8 Mixer Pumps and Support ea. $51,000 5 $255,000

Subtotal    $1,859,800
Detail Design and Engineering (7%)    $130,186
Construction Supervision and Environmental Mitigation (5%)  $92,990
Project Contingency (15%)    $278,970
Total Project Estimate    $2,361,946
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6 Environmental and Safety Issues 
Operation of the pumps will entrain a large volume of water either at depth or at the 
surface. The surface intake could potentially entrain fish that would be exposed to 
mechanical injury, descaling and mortality from the pump impellors. At depth, the likely 
entrainment may be lower due to the intake location. While some direct mortality due to 
the pump operation is likely, it could be relatively low due to the low head / high volume 
open impellors used in the pumps.  
 
Estimates of potential fish mortality related to entrainment and passage through the 
pump(s) has not been provided by the manufacturer. Using Headrick (1998), an 
approximate mortality rate of 15% for a 50 mm FL fish passing through the pump was 
estimated. These estimates are very preliminary and for discussion purposes only; 
additional data are required and mitigation of potential fish entrainment is likely.  
 
With Option A, fish densities may be low at depth within the lake and with a bell mouth 
opening to the pipe, entrainment velocities will drop sharply a short distance away from 
the opening. In Option B, the relatively high surface water temperatures may reduce fish 
densities. However, fish presence is likely and even with reduced approach velocities, a 
potential for entrainment exists. 
 
If monitoring indicates that fish densities are high in the local area around the pump 
intake (e.g. entrainment volume), barrier netting could be deployed to reduce entrainment 
risk. This would require additional maintenance for debris removal and cleaning, and 
would not likely provide an absolute barrier. Other than potential increased sedimentation 
and turbidity during pump start-up, no other water quality or environmental issues were 
identified. 
 
The area in and around the Cowichan Lake weir is used extensively for recreational 
boating and water sports. During operation of either option, safety booms would be 
required around the upstream sump. The safety boom and signage, trash rack with a 300 
mm clear spacing and 0.3 m/s approach velocity provide safety assurance for both 
swimmers and boaters. 
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7 Summary 
The proposed Cowichan Weir Lake Water Pumping Station would be located at the left 
bank of the weir currently operated by Catalyst Paper at the outlet of Cowichan Lake on 
Vancouver Island British Columbia.  
 
Two options were developed: Option A with a cold water supply pipeline that could 
provide cold water for temperature mitigation, and Option B with a surface water supply. 
Both options could supply the minimum flow of 7 m3/s. The pump station would provide 
a maximum of 7 m3/s (250 cfs) using five low head mixer pumps drawing water from 
Cowichan Lake and discharging to the Cowichan River. These pumped flows would 
provide base flows during periods of drought to help maintain trout and salmon rearing 
habitat during a critical period of their life-history. 
 
A preliminary location and lay-out for the pumping facilities were developed based on 
site and environmental conditions, design parameters and project costs. The geometry of 
these features are illustrated in the enclosed drawings. The preliminary design criteria 
required that pumping facilities have considerable operational flexibility. The proposed 
pump station has the following key features: 
 

• constructed as part of the existing weir that minimizes civil works and additional 
off site impacts; 

• large inlet area that reduces velocities and potential fish entrainment, and 
maximizes boater and water recreation safety; 

• flexible delivery of volumes of lake water up to design flows using five, reliable 
low head mixer pumps attached to the upstream face of the concrete weir; 

• potential for installation of a large diameter cold water supply pipe extending 
from the weir approximately 1,000 m upstream to deliver cool hypolimnetic water 
to the pump station; 

• a sump upstream of the weir potentially capable of mixing cold water from depth 
in the lake with warmer surface water to provide temperature control in the 
discharged water; and 

• a concrete stilling structure downstream of the weir to ensure the higher velocity 
discharge flows do not erode the weir footing or river bed. 

 
The preliminary operational plan estimated an average period of operation of 69 days, 
however periods up to 100 days could be expected. The incremental stage change of lake 
elevations based on the discharge of 7 m3/s per day is approximately 25 mm. Inflows to 
the lake would reduce the overall impact of minimum flows pumped from the lake.  
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Potential environmental issues include fish entrainment into the pump station as well as 
fish passage upstream past the weir during pump operations. These impacts are likely 
mitigatable and would be addressed in detail design. Fish entrainment would be likely 
less with the deep cold water pipeline option. 
 
The estimated total project capital costs for Option A – with the cold water supply – is 
estimated at $3.95 million and Option B – with the surface water supply – is 
$2.36 million, including allowances for detailed design and engineering (7%), 
construction and environmental mitigation (5%) and cost contingencies (15%). Operating 
costs include power costs at $266 per day and an O& M budget ranging from $25,000 to 
$36,000 per year. 
 
Prior to proceeding with the detailed design for the project, the following work is 
recommended to assist in determining the appropriate option and design parameters that 
materially affect the potential performance or cost of the project: 
 

1. Undertake temperature monitoring and assessments in the lake outlet and upper 
Cowichan River to better understand the potential effects of a cold water release 
at the weir relative to ambient air temperatures and flows; 

2. Conduct additional bathymetry surveys upstream and downstream of the weir to 
determine potential materials and excavation volumes required under each option; 

3. Determine appropriate mitigation and effective designs for potential fish passage 
and entrainment issues at the weir under a pumping scenario; 

4. Undertake a limnological monitoring program with depth-integrated temperature 
and water quality sampling to determine an optimum stable intake location at 
depth in Cowichan Lake; 

5. Conduct a detailed geotechnical investigation to identify weir foundation 
conditions in the vicinity of the proposed construction; and 

6. Conduct further instream flow assessments to ensure current minimum flows are 
acceptable for sustaining critical fish habitats for fish populations within all 
affected reaches of the Cowichan River. 
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Materials and Equipment References: 
 

• Sheet piling costs: Fraser River Pile and Dredge, Vancouver, BC. 

• HDPE pipeline material and installation costs: Prolite Systems Inc, Maple Ridge, 
BC. 

• Pump specifications and costs: ITT Flygt Canada Ltd, Coquitlam, BC. 
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