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Executive Summary 
 

Challenged historically by industrial activities, urban developments, diversions, pollution and 

other human impacts, the ability of many watersheds to maintain healthy stream flows is now 

being adversely affected by climate change.  In British Columbia, a province thought to be rich in 

water resources, stream health is threatened in some regions by altered weather patterns 

influencing base flows and mean temperatures.  Snowpack runoff appears to occur earlier and 

higher temperatures are the norm leading to changes in habitat availability, growth rates, 

thermal mortality, oxygen stress, changes in prey density and changes in interspecific and 

intraspecific competition (Nelitz et al. 2007).  Managers are urged to identify issues of concern, 

assess vulnerability of local and regional stocks, summarize community and agency assets to 

deal with the issues, and use existing and innovative adaptation strategies to reduce the 

vulnerability of stocks in the short and long-term (Nelitz et al. 2007). 

 

In partnership with Fisheries and Oceans Canada, the Ministries of Environment as well as 

Forests, Lands and Natural Resource Operations, Ducks Unlimited Canada, First Nations, local 

regional districts, municipal governments, landowners and area streamkeepers, BC Conservation 

Foundation continued to examine the feasibility of potential stream flow improvement projects 

in prioritized east coast Vancouver Island watersheds.  Projects included potential structural 

modifications or operational refinements to existing storage sites as well as new designs at 

locations (typically headwater lakes) where stakeholder support and predicted biological 

benefits were high, impacts low, and implementation cost-effective.   

 

This project’s main objective was to develop concepts and complete the required assessments, 

consultation, design and licensing activities to bring candidate sites to the implementation 

phase.  As a result of this multi-year initiative, several projects have advanced to 

implementation stages, and others are closer to being realized.  Projects are intended to 

increase wild production of salmon and trout by providing elevated base flows and maintaining 

and/or increasing the area and quality of summer rearing habitat.  A second objective was to 

improve public awareness of the need for adequate stream flows for rearing salmon and trout, 

achieved through media releases, newspaper reporting and TV coverage.   

 

This project was funded by Pacific Salmon Commission’s Southern Fund Committee, the 

provincial Habitat Conservation Trust Foundation and the Living Rivers–Georgia 

Basin/Vancouver Island program.  In-kind support from First Nations, fish agencies, stream 

stewards, local governments and the private sector was greatly appreciated.  Though all BCCF 

Nanaimo fisheries personnel have contributed to the projects in one aspect or another, the 

majority of field work was completed by biologists Michelle Kehler and Shane Johnson. 
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1.0 Introduction 
 

Water storage and conservation projects continue to be prioritized by provincial and local 

governments, First Nations, stream stewards and environmental NGOs in BC.  As regional and 

global media place more emphasis on water issues, hydrological change and links to climate 

change, societal interest and awareness escalates and leads to increased support for these kinds 

of projects. 

 

Following feasibility work that commenced in 2006, several watersheds on the east coast of 

Vancouver Island (ECVI) were found to hold opportunities to enhance summer base flows for 

trout and stream rearing salmonids.  Work occurred in partnership with Fisheries and Oceans 

Canada (DFO), Ministry of Environment (MoE), Ducks Unlimited Canada, First Nations (FN), local 

regional districts, municipal governments, landowners and area streamkeepers.  Though not 

part of this report, implementation and post-construction monitoring of stream flow 

improvement projects has also occurred. 

 

BC Conservation Foundation (BCCF) feasibility activities in fiscal 2010/11 (PSC year three of five; 

HCTF year three of four) included work in five high priority watersheds: Sooke, Englishman, 

Millstone, Courtenay and Keogh.  Secondary priority systems included Craigflower, Cluxewe and 

Quatse.  As proposed, work centered around consultation and biological/engineering 

assessments of potential sites where, with landowner consent, public support and regulatory 

approval, new storage could be developed or where existing storage could be improved or 

increased. 

 

Improving water quality and quantity for stream rearing stocks continues to be the project’s 

primary goal, aligning with HCTF’s and PSC’s strategic goals.  Improved collaboration occurred 

on a number of fronts, particularly between BCCF’s Living Rivers-Georgia Basin/Vancouver Island 

(LR-GB/VI) program and local regional districts, First Nations and DFO.  Media coverage (TV and 

newspaper) of storage related work improved both the public’s and local government’s 

understanding of climate change effects on stocks and fisheries.  

 

 

2.0 Methods 
 

This initiative’s project list stemmed from early scoping and a decision framework/flow chart 

developed by program managers and reviewed by agency representatives.  Identification of 

stakeholders and early consultation is paramount for project success and efficiency.  As sites 

were identified and preliminary concepts developed, notional support from stakeholders would 

trigger further feasibility assessments such as detailed engineering surveys and biological 

assessments to quantify potential fish production benefits. 

 

Project success requires identifying a suitable and willing water license proponent.  The Province 

requires all storage projects to be licensed and sufficiently maintained for the duration of the 

license (presumably in perpetuity).  Consultation with agencies, local governments and 

landowners with respect to becoming a water license proponent often lead to requests for a 
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cost-benefit analysis, requiring further (detailed) biological, hydrological or engineering 

assessments before a proponent officially accepted liability and committed to annual 

maintenance costs.  BCCF continued to aid the application processes for any such sites.  

 

As in past years, biological assessments documented potential impacts and benefits of proposed 

storage projects.  Program philosophy dictates that impacts from water storage projects should 

be minimized by restricting proposed water height increases to levels that are generally within 

the water body’s natural range of fluctuation.  Where projects involved “new” storage (i.e., an 

undeveloped site, or new top or bottom storage at a pre-existing site), impacts to flora and non-

fish fauna in and around the sites (typically headwater lakes) were assessed by contracted 

biologists (with assistance of local FNs) that specialized in that field.  Project-specific parameters 

such as proposed water level changes, timing and structure type/location were described, and 

the contractors were asked to document species (particularly listed species) observed or likely 

supported at the site, predict project effects and recommend mitigation where possible. 

Impacts and benefits to fish were documented by BCCF (and in some cases local FN) fisheries 

staff.  Impacts to lake resident stocks were minimized by limiting proposed water level changes 

and ensuring fish passage at proposed storage structures where appropriate.  Biological benefits 

in target reaches were assessed by documenting standing stocks in conjunction with current or 

typical habitat conditions and estimating improvements in quantity and quality of habitat that 

would occur with storage project implementation.  Generally, crews followed accepted 

methodologies similar to those recommended by Hatfield et al. (2007) and Lewis et al. (2004) to 

document riffle/pool/glide wetted widths and depth/velocity characteristics to estimate how 

habitat area and mesohabitat suitability for generic insects, fry and parr changed with discharge 

levels.  Examinations occurred throughout the summer season at target percentages of 

estimated mean annual discharge.   

 

In partnership with or contracted by BCCF, experienced hydrologists and engineers from 

agencies, local governments and the private sector assessed sites for potential improvements, 

storage structure suitability, and water balance benefits.  Where site-specific progress allowed, 

blue-print designs and/or construction plans were developed for implementation.  Provincial 

water license standards require a professional engineer to sign off most water storage 

infrastructure projects prior to approval. 

 

Because of the wide diversity of projects being examined for feasibility, further background and 

methodology is occasionally included in section 3.0, Site Specific Activities and Results. 

 

3.0 Site Specific Activities & Results (South to North; Figure 1) 
 

The following sections report project activities/results for fifteen sites from Sooke River on the 

south Island to Quatse River on the north Island.  Relevant activities completed in fiscal 2009/10 

are discussed from time to time to provide context for work completed in 2010/11.  A selection 

of photos from some of the sites is included in Appendix B. 
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3.1 Sooke River – Charters River 

 

Building on advocacy since 2008, BCCF and partners recently succeeded in advancing a Charters 

River Flow Augmentation project to the implementation stage.  Situated in the Sooke River 

watershed, this project will see a pre-treatment diversion of 27 L/s from the Community of 

Sooke’s new domestic supply line into the Sooke’s second largest tributary, Charters River, at 

the anadromous barrier.  The diversion will suitably wet Charter’s 1.2 km of prime salmon 

habitat from the barrier to the mouth which would normally suffer from extremely low flows1.  

It will also make possible a further, smaller diversion of water into a planned coho side-channel 

adjacent to the mainstem.  BCCF’s partners include DFO, T’Sou-ke First Nation (TFN) , the Juan 

de Fuca Salmon Restoration Society (JDFSRS), the Capital Regional District (CRD), Ministry of 

Environment (MoE) and private sector engineering and water utility interests (Stantec 

Consulting, EPCOR Utilities, Chew Excavating).  Fiscal 2010/11 funding has been secured by BCCF 

and JDFSRS to purchase the infrastructure required to divert the water.  Following coordinated 

lobby efforts, presentations and media attention, the CRD’s Regional Water Supply Commission 

on September 15, 2010 approved $50,000 in their 2011/12 capital budget to complete (i.e., 

install) the water diversion project in spring 2011.  The goal is to have the diversion operating 

for the summer 2011 season.  Shop drawings for upgrades have now been prepared (see 

 
Figure 1.  Existing and potential water storage sites, east coast Vancouver Island. 

 

                                                 
1
 Until 2010 when they were replaced, leaking domestic supply pipelines operated by the Capital Regional District 

provided the majority of base flows to Charters River and supported the fish population there. 
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Appendix A) and partners are working with CRD Water engineers to specify and order the 

appropriate infrastructure.  Simultaneously, fisheries agency staff and CRD management will 

likely establish a sub-agreement to operate/maintain the diversion which will use a section of 

older pipeline that the CRD originally intended to abandon.  The parties will investigate the 

potential for an addendum to a larger-scope fisheries agreement signed in 2002 by DFO, MoE, 

TFN and CRD concerning reservoir releases in the Sooke watershed.  

 

3.2 Craigflower Creek – Thetis Lake  

 

Situated in the McKenzie Creek sub-basin, Thetis Lake is the largest lake in the Craigflower Creek 

watershed, a small but significant coho and cutthroat producer that drains into the Victoria 

area’s Gorge Waterway.  Initially a reservoir constructed in the late 1800s, the lake is now the 

centerpiece of Thetis Lake Regional Park, managed by the Parks Department of the Capital 

Regional District (CRD).  Since 2008, BCCF and its partners (Songhees FN, Esquimalt Angler 

Assoc., DFO, MoE) have worked with CRD Parks to re-establish a water release for fish rearing in 

McKenzie and Craigflower creeks, a procedure that was initiated following outlet modifications 

paid for by the Province in the early 1980s.  Unfortunately and despite the costly modifications 

completed, the original water license allowing storage only for “land improvement” was never 

modified to allow storage for “conservation” (i.e., fish), meaning the license holder (CRD) has no 

obligation to release water.   Some releases did occur in the 80s and 90s, but since the park 

transferred from the City of Victoria to the CRD in the mid-1990s, releases have largely gone by 

the wayside and Craigflower stocks have suffered accordingly. 

 

Limited Water Survey of Canada records (1974-81) confirm that Craigflower Creek experiences 

extremely low flows, even zero flow on some occasions.  More recently, BCCF habitat studies 

and stream flow measurements in 2009 and 2010 confirmed that significant portions of upper 

and middle Craigflower virtually dry during summer, and the lower creek is reduced to isolated 

pools and glides, substantially reducing overall productivity (Appendix A, photos 1, 2).   

 

Proposed by local streamkeepers as a temporary, drought-related measure to help fish, the 

CRD, with BCCF assistance, applied for and received permission to open the valve at Thetis Lake 

in September 2009 and release two L/s for the remainder of the dry season.  This action also 

confirmed the dam’s valve infrastructure was still operational. 

 

CRD Parks are conceptually in support of releases.  Their current management plan for Thetis 

Lake Regional Park includes a commitment to “continue to work with the Ministry of Water, Land 

and Air Protection to monitor water levels, maintain water control structures and release water 

from Thetis Lake to enhance conditions for salmon and trout in the Craigflower Creek system” 

(CRD 2004). 

 

Parks management has two primary concerns: environmental impacts of a drawdown on the 

lake ecosystem, and public safety concerns arising from reduced water depth for 

swimming/diving.  In January 2009, BCCF produced a project concept/issues paper for the CRD 

and, following further assessments in summer/fall 2009 and a request from the CRD, submitted 

a proposal detailing remaining issues and how to address them, and laying out a draft rule curve 

(Figure 2) for water release based on 1980 agreement guidelines and historical lake level data. 
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Figure 2.  Draft Rule Band for Thetis Lake releases, submitted to CRD Parks, January 2010. 

 

With the understanding that a 30-40 cm drawdown was being considered, environmental 

impact assessments were conducted during spring/summer 2010 using CRD-recommended 

specialists familiar with Thetis Lake and recommended by CRD Parks.  In their report,  

Assessment of impacts of the Craigflower Creek fish enhancement project on wildlife at Thetis 

Lake Regional Park, the biologists predicted that impacts to macroinvertebrates, amphibians, 

reptiles, turtles, birds and mammals would be minimal or minor (Ovaska et al. 2010).  Similarly, 

in an assessment of possible impacts to littoral plants and plant communities, a second study 

completed in the same time frame found there were no “red flag” issues but concluded it was 

difficult to predict the direction or degree of changes that would occur (Fairbarns 2010).  Both 

studies recommended further study and monitoring should drawdowns proceed. 

 

Though poised to allow a trial release in August 2010, CRD Parks were informed that corporate 

management had decided to conduct a district-wide review of reservoirs and storage structures 

to improve operational consistency throughout the region.  Expected to take months, the delay 

effectively eliminated any potential release in 2010.  Following media coverage and 

presentations at the Parks Committee level, stakeholders were informed by CRD in January 2011 

that a multi-year trial had been approved, starting summer 2011.  BCCF plans to work with Park 

Operations staff to achieve the first season of releases and monitor the results downstream.  

Most importantly, BCCF will continue to advocate for a permanent amendment to CRD’s water 

license to allow storage and releases for conservation. 
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3.3 Richards Creek – Crofton Lake 

 

Building on PSC-funded feasibility assessments in 2007/08, implementation of the Crofton 

Lake/Richards Creek Flow Augmentation Project proceeded during the summer of 2008, with 

partners DFO, the District of North Cowichan and Cowichan Tribes.  Two years of post-project 

monitoring has documented coho presence and non-lethal rearing conditions in 3 km of the 

Richard Creek agricultural reach, an area that did not support salmonids prior to flow 

augmentation from Crofton Lake (M. Wright, Restoration Biologist, DFO, Nanaimo, pers. 

comm.).  No further work by BCCF, feasibility or otherwise, occurred in 2010/11. 

 

3.4 Chemainus River – Holyoak Lake 

 
There remains excellent potential to dedicate existing (and proposed new) storage at Holyoak 

Lake, historically a domestic water supply for the Town of Crofton on Vancouver Island, to 

summer flow augmentation in the Chemainus River.  However, all potential progress is on hold 

due to ongoing legal proceedings between Halalt First Nation and the District of North Cowichan 

regarding a new domestic supply well system on the lower river floodplain.  Further details are 

available in the 2008/09 report (Craig and Kehler 2009). 

 

3.5 Millstone River – Westwood Lake 

 

In 2009, Westwood Lake storage development Phase II design and construction was completed 

(Powley 2009), building on the Phase I low level siphon installed over Westwood Dam in 2008 

(NHC 2009).  Combined, the storage and infrastructure is sufficient to augment flows in Darough 

Creek and the Millstone River by 14 litres/sec all summer long, significantly improving base 

flows and allowing for a small diversion to feed the Bowen Park Bypass Channel built in 2007 

(NHC 2008). 

 

Since 2009, no further work has occurred, feasibility or otherwise, on the Westwood Lake site.  

It is mentioned here to add perspective to a second storage site in the watershed where 

feasibility commenced in 2009 and is ongoing: Brannen Lake (Section 3.6) 

 

3.6 Millstone River – Brannen Lake 

 
Significant progress has been made in identifying potential for water storage at Brannen Lake in 

the Millstone River watershed.  Background information and preliminary feasibility results may 

be found in the 2008/09 feasibility report (Craig and Kehler 2009).  The goal remains to enhance 

flows in 8.6 km of Millstone River mainstem habitat below Brannen Lake to the confluence of 

Darough Creek (Figure 3), as well as the remaining 4.6 km of mainstem downstream of Darough 

already benefiting from Westwood Lake releases (Section 3.5).  A significant asset to the project, 

Fisheries and Oceans Canada recently re-committed to being the water license proponent, 

should the project proceed. 
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Work in 2008/09 focused 

on background, baseline 

data gathering, 

preliminary stakeholder 

consultations, and 

planning for baseline 

engineering surveys.   

 

 
Figure 3.  Map of the lower 

Millstone River watershed in 

Nanaimo, showing Brannen 

and Westwood lakes in 

relation to the Millstone 

mainstem.  

 

In 2009/10, potential impacts of small scale storage on flora and non-fish fauna at Brannen Lake 

was completed using local biologists specializing in amphibians, birds, plants and small 

mammals.  The bottom or combination top/bottom storage options were predicted to generate 

the least impact to the lake ecosystem, and no long-term, significant impacts were predicted for 

any species present providing lake level changes during the storage period were no greater than 

+/- 30 cm (Wind 2009).  Because of the presence of milfoil (Myriophyllum spicatum), a second 

report by an aquatic macrophyte specialist predicted that proposed summer storage will have 

no perceptible effect on the aquatic plants currently growing in Brannen Lake, and that natural 

variation will have a greater effect (Warrington 2009). 

 

In 2009 and 2010, lake level monitoring continued and engineering surveys took place to 

facilitate hydraulic modeling, allow siting of a potential storage structure, and to narrow the 

options for the type of structure appropriate for the outlet channel.  In the course of these 

investigations, multiple factors were identified that will dictate structure type and location.  

These include civil infrastructure (natural gas, sewage) crossings in proximity to likely weir sites, 

extremely low outlet channel gradients affecting head and release potential, and a documented 

increase in beaver damming in the outlet area.  To date, the majority of surveys were performed 

by contractors (Appendix A, photos 3, 4), while data has been processed by engineers at DFO’s 

Resource Restoration Division in Nanaimo to generate hydraulic models and design concepts 

(Powley 2010). 

 

For some portions of the lake outlet channel and nearby transportation/utility rights of way over 

the stream, property ownership has been difficult to clarify and still remains unclear.  

Uncertainty stems from the provincial E&N Land Grants (1884 to 1913) and the litany of 

subsequent sub-divisions, transfers and developments within the Grant, with and without 

associated stream or lake beds.  This issue is commonly encountered on east coast Vancouver 

Island, but must be clarified before the Province will issue a water license. 

 

Consultation between proponents and stakeholders/property owners has continued in 

association with periodic media coverage.  Correspondence and on-site meetings with the 

shoreline property owners have occurred on several occasions to report study results/status and 

gather feedback.  This included a targeted assessment of impacts to agricultural lands by a 

Millstone River 

Brannen 

Lake 

Westwood 

Lake 

Darough 

Creek 

NANAIMO 

Georgia 

Strait 

N 
1 km 



Water Storage Feasibility on East Coast Vancouver Island 

BC Conservation Foundation, April 2011  8 

professional agrologist (Rolston 2010), supported in part with PSC funding.  All reports and 

media coverage have been made public on BCCF’s website (http://www.bccf.com/index.php/ 

employee-downloads/cat_view/62-vi-region-fisheries-documents).   Most recently, agricultural 

landowners on the west side have strongly and collectively stated their objection to any 

structure that would annually raise water levels during the spring/summer, regardless of the 

amount.  This is despite the fact that beavers have dammed the outlet each summer since 

feasibility started in 2008, with the result of higher water levels during August and September 

than those that would occur should the storage project proceed2.    

 

The agricultural community has, however, indicated its support for the negative storage option.  

Accordingly, DFO and BCCF will be examining potential impacts to ramps/docks associated with 

residential properties on the lake’s eastern shoreline, as well as re-focusing on weir designs 

appropriate for the negative storage option. 

 

3.7 South Englishman River – Shelton Lake 

 

The majority of storage feasibility at Shelton Lake in the upper South Englishman River sub-basin 

has been completed.   See this project’s previous reporting to PSC for 2008/09 (Craig and Kehler 

2009) for detailed progress through to the end of that fiscal.   

 

In 2009/10, feasibility work spanned several arenas.  Consultation continued, as did collection of 

South Englishman stream flow and Shelton Lake level data (Figure 4).  In preparation for 

modeling habitat improvements stemming from flow augmentation, stream habitat typing  

Figure 4.  Mean daily water levels in Shelton Lake in the upper South Englishman River, September 2008 

to September 2010. 

 

                                                 
2
 As a condition of water license, the Province obligates the holder (DFO) to maintain the storage structure, including 

preventing attempts by beavers to build or add to impoundments.  Licensing a structure would therefore ensure 

beaver activity is addressed annually, resulting in more stable, predictable water levels during summer. 
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occurred over the anadromous length of the South Englishman.  Bazett Land Surveying 

(Courtenay, BC) were contracted to perform a field survey of the Shelton Lake outlet and 

prepare a topographic site plan and geo-referenced digital image (Appendix A, photo 5).  

Sampling of the South Englishman’s juvenile standing stocks that occurred in 2008 was 

repeated.  Lastly, opinion on the effects of additional summer flow through Healy Lake (situated 

immediately downstream of Shelton Lake) was sought from Tom Johnston, a MoE stock 

assessment expert from UBC and from Dr. Ken Ashley, a limnologist with extensive lake 

productivity and enrichment experience. 

 

In 2010/11, collection of lake level and stream flow data continued (Figure 4), as did project 

consultation.   Shelton Lake levels have been documented since September 2008 and show a 

natural fluctuation range between winter and summer of approximately 1.13 m (Figure 4).   

 

Discharge in the South Englishman River has been documented since July 12, 2008, with 

measured flows as low as 19, 14 and 43 litres/sec in 2008, 2009 and 2010 respectively, and 

station-measured flows of 8, 12 and 25 litres/sec in those same seasons (Figure 5).  With mean 

annual discharge for the South Englishman estimated at 2,750 L/sec (Sutherland 2010), these 

low flow values are often less than 1% MAD even when Centre Creek discharge is factored in3.   

 
Figure 5.  South Englishman River discharge, July 12, 2008 to October 17, 2010. 

 

Project updates were presented at each of five meetings in 2010 with the Englishman River 

Watershed Recovery Plan’s steering committee.  Formed in 2001 as a result of the federal 

Pacific Salmon Endowment Fund’s choice of the Englishman River as its first watershed for 

                                                 
3
 Centre Creek is the largest tributary to the South Englishman, entering on river left just 300 m upstream of the South 

Englishman/Englishman confluence.  BCCF’s South Englishman station is located 50 m upstream of the Centre Creek 

confluence, as flood plain instability downstream of Centre Creek and backwatering from the Englishman mainstem 

makes locating a station in that reach impractical.  Accordingly, BCCF has periodically measured discharge in Centre 

Creek to establish its relative contribution to the larger sub-basin. The lowest discharges measured in Centre Creek in 

2008, 2009 and 2010 were 2.4, 3.3 and 10.0 litres/sec, respectively, and corresponded with the lowest flows 

measured at the South Englishman station. 
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recovery planning and investments, the committee has representation from provincial, federal, 

and local governments, the private (forest) sector, and local ENGOs.   

 

In March 2009, the Arrowsmith Water Service (AWS), a partnership of the City of Parksville 

(CoP), the Nanaimo Regional District and the Town of Qualicum Beach, indicated they may be 

receptive to being the water licensee provided benefit for taxpayers was established.  BCCF has 

presented project updates to the AWS Management Committee on two occasions in fiscal 

2010/11, most recently in January 2011 after which the committee requested their engineering 

staff prepare a report on the Shelton Lake option. 

 

Also in 2010/11, previous hydrological analysis and the new the Bazett survey data set were 

combined and used by Kerr Wood Leidal Associates (KWL; Victoria, BC) to prepare a draft 

technical memorandum (see conceptual dam design figure in Appendix A).  The document has 

input from Trow Associates Inc. with respect to conceptual dam siting and configuration.  Still 

being finalized, this document was also to outline the rationale for developing storage at 

Shelton Lake for consideration by the AWS.  It is AWS that would seem most logical to become 

the water license proponent for Shelton Lake storage, as releases will ultimately contribute to 

Englishman River mainstem flows and assist AWS in their obligation to meet the 1.6 m3/s 

minimum fisheries flow in the lower river identified in their domestic withdrawal license.  

Because the CoP is currently in the process of identifying new intake and treatment facility 

options for their Englishman River intake, BCCF instructed KWL to delay finishing the Shelton 

storage rationale until it can be properly framed against the outcome of the larger intake and 

treatment feasibility report. 

 

3.8 French Creek – Hamilton Marsh 

 

Background on this DFO-lead initiative can be found in previous storage feasibility reporting 

(Craig and Kehler 2009).  Though local ENGO stakeholders continue to examine the potential to 

purchase Hamilton Marsh for conservation from landowner Island Timberlands, further storage 

feasibility has been on hold since release of a February 2010 engineering  report by DFO (Powley 

2010).   

 

Though it concludes that storage might be technically feasible (with an estimated cost of 

$230,000), the report suggests that developing cost-effective storage on Hamilton Marsh is 

limited by the acceptable full supply level (no more than 30 cm above what beavers typically 

store), and the fact that the majority of the swamp’s water is allocated under an existing, 

although not recently used, irrigation license.  There also remains concern that the swamp’s 

hydrology will be adversely affected by development in the catchment being considered by the 

landowner, leading to changes in groundwater retention and pathways.   

 

Though local consultation may continue, DFO recognizes these issues are collectively significant 

and, until such time that the landowner uncertainty is addressed, the project has effectively 

been put on hold. 
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3.9 Tsolum River – Wolf Lake 

 

Early storage feasibility in the Tsolum watershed included examinations of existing facilities and 

potential new sites at headwater lake locations (Gooding 2007).  Results confirmed that, 

without significant resources to build new sites, the existing storage at Wolf Lake in the 

Headquarters Creek sub-basin offered the best opportunity for significant positive change to the 

river’s summer flow regime.   The Augmentation Committee of the Tsolum River Restoration 

Society (TRRS) began focusing on Wolf Lake storage in 2008, reviewing past operations, 

compiling flow and lake level data, identifying gaps in the data sets, advocating for improved 

monitoring programs and increasing collaboration between TRRS and DFO to manage the 

storage optimally.  The degree to which licensed storage could be fully used each year has been 

contentious, with provincial concerns about suspected impacts to shoal area and the lake’s fish 

stocks with a full drawdown of 2.5 m.  To clarify potential impacts, Gooding (2009) performed 

detailed bathymetry in the lake’s shallow south end.  Results confirmed that while six hectares 

of shoal area de-watered when lake levels were drawn down 1.8 m (the maximum advocated by 

MoE in the mid 1990s), an additional two, three and six hectares of shoal area were exposed at 

2.1, 2.4 and 2.7 m of drawdown, respectively. 

 

Broad-scale biophysical studies were completed in 2009 (Gooding 2010, Campbell 2010), funded 

by Living Rivers-Georgia Basin/Vancouver Island and BC Transmission Corp.  The studies were 

undertaken to determine the next most limiting factor to fish (in particular, pink salmon) 

production after water quality, assuming 2009-scheduled remediation of acid rock drainage 

from the watershed’s Mount Washington mine site would be successful.  The studies identified 

unstable excessive bedload and years of extended high flow days during winter as the largest 

factors affecting pinks.  The studies also recommended maintaining or increasing low flow 

enhancement to reduce adult losses during in-migration, increase access to spawning areas and 

improve conditions for stream-rearing species such as steelhead, cutthroat and coho. 

 

In 2010, BCCF worked to familiarize DFO staff responsible for Wolf Lake storage releases with 

procedures to correct real-time preliminary discharge data from Water Survey of Canada’s 

website.  Local streamkeepers were also tutored in discharge measurement methodology and 

the operation of velocity meters (Appendix A, photo 6) to assist providing in-season flow data to 

DFO.  

 

Most recently (March 2011) and in cooperation with TRRS and the Provincial lakes biologist, 

agreements were reached to 1) utilize storage based on multi-species considerations4; 2) 

attempt to ensure juveniles have adequate flows in July, August and early September during 

longest photo-periods, warmest (most stressful) temperatures, and peak aquatic productivity 

periods – place lower priority on late September and October when aquatic production declines, 

temperatures drop and juveniles can more easily endure reduced habitat availability; and 3) use 

an additional 30 cm of vertical storage (beyond the usual 1.8 m) in Wolf Lake during dry years 

(i.e., 10-year drought) when additional water is needed to maintain stream habitat conditions.  

Stakeholders agreed that 2011 will be an experimental year for the revised operating procedure, 

                                                 
4
 Previously, DFO released water from Wolf Lake only after August 1 and with the goal of enhancing pink 

salmon migration conditions, with no regard for rearing conditions for coho, Chinook, steelhead and 

cutthroat juveniles in July. 
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and BCCF will continue to strive for improved efficiencies at Wolf Lake and increased wild 

production from the Tsolum watershed. 

 

 

3.10 Black Creek – Sayer Creek 

 

No further work has occurred in the Black Creek watershed since 2009 (see Craig and Kehler 

2009).  Land associated with a swamp with potential for storage in the Sayer Creek sub-basin 

was privately owned and, though the owner had no interest in seeing a storage project on their 

property, the land was also for sale.  It did not sell and was taken off the market in November 

2010. 

 

 

3.11 Quinsam River – Upper Quinsam and Wokas Lakes 

 

Results of feasibility work on accessing negative storage at BC Hydro’s Upper Quinsam and 

Wokas reservoirs to benefit Quinsam River were reported separately (Craig and Kehler 2009b).   

 

Since completion of feasibility work, BC Hydro has tabled implementation plans for this project, 

opting for a more cautious, risk-adverse release and diversion strategy from the reservoirs to 

avoid any possibility of not being able to meet new downstream minimum fisheries flows5 in 

Quinsam River.  Presumably, given financial climates since 2008 and their analysis of capital 

costs versus benefits of this project, managers chose to restrict generation potential from the 

Quinsam sub-basin at this time. 

 

 

3.12 Cluxewe River – Skidder Lakes 

 

Significant storage opportunities in the Cluxewe River watershed near Port McNeill remain 

limited.  Since feasibility ended in 2008 (see Craig and Kehler 2009) and to better clarify base 

flows in consideration of potential future storage-related work, BCCF has supported Kwakiutl 

First Nation fisheries staff and DFO in establishing a semi-permanent hydrometric station on the 

lower river.  In June 2010, BCCF prepared and circulated the first year (August 1, 2008-August 

14, 2009; Figure 6) of discharge data to stakeholders.  This data set employed a stage-discharge 

relationship generated from low and moderate flow field measurements by DFO/KFN Fisheries 

staff, and a flood flow measurement completed by a sub-contractor (Ecofish Research Ltd., 

Courtenay, BC) with specialized equipment.  Low and moderate flow measurements continue to 

be collected by local fisheries staff to re-verify the relationship or develop a second one, and 

BCCF will continue to assist in data analysis and preparation of hydrometric results for the 

Cluxewe. 

 

                                                 
5
 New downstream minimum fisheries flows are part of the pending Campbell River Water Use Plan, 

awaiting signature from the BC Comptroller of Water Rights since 2003. 
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Figure 6.  Cluxewe River discharge, August 1, 2008 to August 14, 2009. 

 

 

3.13 Keogh River - Keogh and O’Connor Lakes 

 

Storage feasibility at Keogh and O’Connor lakes in the Keogh River watershed has continued 

since initial studies and monitoring started in 2007.  Background and initial results are discussed 

in Craig and Kehler (2009).   

 

In August 2009, access to existing licensed storage was re-established in the first phase of 

storage improvements at Keogh Lake in the upper watershed (Johnson 2010).  Accumulated 

LWD, sediments and bedload above and below the lake outlet were preventing water levels 

from dropping to the concrete weir’s sill, thus restricting access to ~25% of 800 ac-ft of storage 

licensed by the Province for conservation.  Debris was removed, bedload re-contoured, and 

additional spawning gravel installed further downstream of the weir. 

 

Phase II at Keogh Lake involves increasing licensed storage.  In July 2010 following extensive 

consultations (fish agencies, Kwakiutl First Nation, Western Forest Products), environmental 

impact assessments (Wind 2009) and engineering design work (NHC 2010), BCCF submitted a 

new water license application on behalf of the Province for an additional 120 ac-ft of storage on 

Keogh Lake.  The license was issued in December 2010 and enables the existing weir to be raised 

15 cm.  Additionally, future releases will be made more efficient.  With the remoteness of Keogh 

Lake, the “feast or famine” flow scenario when stop logs are removed every two weeks will be 

replaced with a steady, season-long incremental release of water using a low-level, multiple 

gate valve assembly.  Installation of the pre-fabricated valve assembly in one of the weir bays 
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and extension of the weir stanchions is scheduled for August 2011 and will be covered with 

HCTF and LR-GB/VI implementation funding. 

 

Lake level monitoring has continued at both Keogh and O’Connor lakes, as has temperature 

monitoring in the mainstem at key locations to answer questions about potential thermal 

impacts from flow augmentation using lake surface water.  Results will be analyzed and 

circulated to stakeholders. 

 

At O’Connor Lake, a portion of the land base, including the outlet area, is privately owned by 

Western Forest Products (WFP).  Early in 2010, the company completed a land value review and 

re-classified the O’Connor area as “higher value,” meaning development of some kind may be 

considered in the long term.  Accordingly, conceptual support from WFP’s real estate division is 

now a requirement before further storage feasibility occurs.  Because WFP’s mainline crosses 

the outlet stream immediately below the lake, consideration of the potential impacts of a weir 

structure there is key, particularly the effects of a weir failure.  This may dictate (i.e., restrict) 

weir height and thus cost-effectiveness of the storage project. 

 

Field work for a BCCF flow versus habitat study was largely completed in 2009, with results only 

preliminarily assessed to date.  These data may be combined with those of a new, HCTF-funded 

project being undertaken by MoFLNRO’s UBC Fisheries Research section to assess the potential 

of flow augmentation to increase steelhead production in the Keogh watershed. 

 

Lastly, the semi-permanent lower river hydrometric station installed in 2008 was replaced in 

2010 with a permanent station located with provincial support at the concrete resistivity sill on 

the lower river (Appendix A, photo 7).  With assurances that future research activities will not 

influence station water levels, this stable site is ideal for gauging flows, particularly in the low 

end of the hydrograph important in the study of critical period stream flow and its effects on 

rearing habitat and productivity for coho and steelhead.  

 

 

3.14 Quatse River – Quatse Lake 

 
Discussions with license holder DFO on the operation of the Quatse Lake storage facility in the 

upper Quatse River watershed commenced in 2009.  Having been recently re-built and upgraded 

(2006) as part of a mining sector habitat compensation package, the storage weir (Appendix A, 

photo 8) had only a short history of use and no operations manual.  Since then, BCCF has 

worked has with KFN, DFO, Northern Vancouver Island Salmonid Enhancement Association 

(NVISEA), and local consultants familiar with nearby Keogh Lake storage operations to collect 

hydrology and fish periodicity data and develop conceptual rule curves for storage operation.  

Though there appears to be much potential, the limited availability of local agency personnel, 

expertise and funding slowed progress.  The presence of a small sockeye population that 

migrates to Quatse Lake in May and over-summers there is another consideration to be factored 

into storage acquisition and use.  The goal of this project is to consistently supply adequate 

releases for spring sockeye migration as well as juvenile salmonids rearing in the 10-km long 

mainstem through the summer. 
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Midway through 2010, BCCF installed a lake level monitoring station in Quatse Lake and began 

monitoring beaver damming activities in the outlet channel immediately upstream of the weir.  

Recently, new regional field staff from DFO have indicated proper operation of the Quatse Lake 

weir is a priority. 

 

 

4.0 Discussion/Recommendations 
 

As a result of this feasibility program, several storage projects have been advanced to an 

implementation phase, meeting the program’s main objective.  Though several have also been 

implemented (Crofton Lake/Richards Creek; Keogh Lake/Keogh River; Westwood Lake/Millstone 

River), there remains a number of sites where feasibility is on-going.  Some projects have been 

determined cost-ineffective and have been dropped.    

 

Today’s poor economic climate continues to affect the progress of these projects.   Government 

will only entertain water license applications from responsible entities with sufficient resources 

to handle maintenance and liability.  With significant financial commitments associated with 

being a water license holder, fewer options exist with respect to potential proponents.   For new 

(i.e., undeveloped) sites, it is unlikely projects will proceed without substantial secondary 

benefits such as an increase in domestic water supply downstream of the target reach(s) or an 

ability to generate power.    

 

BCCF continues to work with partners to share project costs where possible and promote the 

value of water conservation in the face of climate change.  This often includes media coverage 

to garner public support, followed by communications at the political level. 

 

Water storage feasibility work remains closely aligned with a number of related initiatives by all 

levels of government.  Many Vancouver Island regional districts have expanded watershed 

protection programs (e.g., RDN’s Drinking Water and Watershed Protection Program6) and have 

included strong, provincially-developed, stream-centric objectives in their policy goals (e.g., 

CVRD’s Regional Water Supply Strategy7).  DFO’s Wild Salmon Policy (2005) re-confirms that 

salmon habitat integrity is challenged by human competition for fresh water.  Water Act 

Modernization is progressing at the provincial level, with proposed policy for a new Water 

Sustainability Act now being circulated for public feedback.  Other provincial examples include 

BC’s Drought Management Action Plan (2004, 2009) and the Living Water Smart Plan (2008).  

The first of its kind in BC, the provincial government issued an order in 2009 under Section 9 of 

the Fish Protection Act to curtail water use by licensees to protect stream fish populations.  Such 

actions confirm the seriousness of water issues in light of climate change and projected 

increases in drought frequency/severity, and serve to underline the importance of water 

conservation strategies such as small scale storage. 

                                                 
6
 http://www.rdn.bc.ca/cms.asp?wpID=1748.  Accessed April 12, 2011. 

7
http://www.comoxvalleyrd.ca/uploadedFiles/Regional_Growth_Strategy/RegionalWaterSupplyStrategyD

raft-05May2010.pdf.  Accessed April 12, 2011.  In the CVRD’s Regional Water Supply Strategy, land and 

water managers are to 1.) know what makes a stream healthy and how to secure that health, 2.) protect 

ecological values including water flow requirements, and 3.) restrict water use in times of drought or 

where stream health is threatened.  
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Supported by the provincial Living Rivers Trust created in 2006, the Living Rivers-Georgia 

Basin/Vancouver Island program is nearing its end, with annual funding in 2011/12 expected to 

be approximately 40% of that typically seen since 2006.  Because this program was the majority 

funder of most of the water feasibility work to date, the scope of this initiative will likely see a 

reduction in the near future. 
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Appendix A.  Select photographs/figures of storage feasibility sites or target stream 

habitats. 
 

 
Draft shop drawing produced for the CRD infrastructure upgrade and flow augmentation project 

on Charters River, tributary of the Sooke River. 

 

 
Photos 1, 2. Lower and upper Craigflower Creek near Victoria on August 16, 2010, with near zero 

flow and only disconnected residual pools for fish habitat.  Storage releases from Thetis 

Lake should be adequate to ensure year round connectivity and sustained fish food 

organism production. 
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Photos 3, 4.  Contracted engineer using GPS RTK technology to survey the outlet of Brannen 

Lake at the headwaters of the Millstone River.  Results (at right) were used by DFO to 

perform HEC RAS flood modeling and to help locate/design potential storage weir 

infrastructure. 

 
Photo 5.  Aerial view of Shelton Lake outlet on upper South Englishman River, with 2009 

topographic overlay (Bazett Land Surveying) that informed conceptual dam designs (see 

next figure) completed in spring 2010. 
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Example of conceptual dam design for Shelton Lake, upper South Englishman River. 

 

 
Photo 6.  Measuring stream flow at the Water Survey of Canada station on the lower Tsolum 

River near Courtenay, with volunteers from the Tsolum River Restoration Society. 
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Photo 7.  Installation of new stilling well for water level recorder at resistivity sill on lower Keogh 

River, near Port Hardy (September 14, 2010).  Data will enable better management of 

existing and future storage in the watershed. 

 

 
Photo 8.  View looking downstream of the weir on Quatse Lake, headwaters of the Quatse River 

near Port Hardy showing (left to right) a section of the stop log weir, the bypass bay, the 

low level gate valve, and the aluminium submerged orifice fishway (September 13, 

2010). 


