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EXECUTIVE SUMMARY 

The Cleveland Dam (CLD), located on the Capilano River, impounds Capilano Reservoir, which is a 

drinking water source for Metro Vancouver. The Capilano River supports anadromous and resident 

fish species, including Pacific salmon and trout. Operations of a dam for the purpose of water storage 

or hydropower generation can cause stranding or isolation of downstream fish populations when 

water levels decline rapidly, potentially causing mortality. These effects are mitigated by limiting the 

rate of flow change to rates that are sufficiently low to prevent isolating or stranding fish within 

dewatered habitats. 

Ecofish was retained by the Greater Vancouver Water District (GVWD) in 2019 to conduct a fish 

stranding study to verify that the current operational protocols at the CLD maintain down ramping 

rates that are protective of fish (i.e., do not result in fish stranding and/ or unintended fish mortality) 

within the lower Capilano River downstream of the dam. The stranding study consisted of the 

following components: 

• Selecting stranding sensitive monitoring sites (SSMSs) throughout the lower Capilano River,

installing temporary water level loggers, and conducting habitat surveys of the SSMSs.

• Developing and implementing a ramping test protocol that can be undertaken at SSMSs during

scheduled ramping tests in the period that typically has highest sensitivity to ramping (i.e., the

fry-present period).

• Completing data analysis and reporting to describe the effectiveness of GVWD's operational

ramping protocols at the CLD and provide recommendations to further mitigate stranding

risk based on the study results.

Five primary SSMSs were selected, with water level loggers installed at each site. Loggers remained in 

place and operational from April until November 2019. Cross-sectional survey data and habitat 

measurements were also collected at each primary SSMS. Two secondary SSMSs were also established; 

opportunistic stranding searches occurred at these sites but no hydrometric or habitat data were 

collected. 

The stage data from the primary SSMSs were plotted against discharge data collected at an existing 

GVWD hydrometric station located 250m downstream of the CLD. These relationships were then 

used to evaluate the relationship at the SSMSs between authorized operational flow changes and 

Fisheries and Oceans Canada (DFO)'s standard ramping criteria. These results could be used to 

inform future management of the dam to manage stranding risks. 

Four stranding surveys were conducted during planned ramping events at the CLD, all of which 

followed normal operational ramping rates. All stranding surveys occurred during the fry-present 

period: three surveys occurred during spring (April and May) and one survey occurred in fall (October) 

2019. 
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During the four surveyed down ramping events, maximum measured ramping rates at the five primary 

SSMSs ranged from -7 .3 cm/hr to -20.8 cm/hr, which are well above the maximum DFO criterion of 
-2.5 cm/hr (Cathcart 2005) during the fry-present period. Stranded and/ or isolated fish were detected 
during stranding searches following three of the four events on the Capilano River during 2019. The 
precise role of dam operations in causing these observations is uncertain; however, operations are
expected to have at least contributed to causing fish isolation and stranding.
 
If deemed necessary by regulatory agencies, additional mitigation measures could be employed to 
reduce risk of stranding mortality during future operations. Six potential measures to further mitigate 
stranding risk were identified and assessed: channel modification, reducing ramping rates, conducting 
night-time ramping, providing higher continuous flows, undertaking fish salvages, and providing 
pulse (i.e., conditioning) flows.
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Rapid decreases in stream flow can adversely affect fish and habitat by dewatering habitat 
and stranding fish. Fish may be isolated in pools that remain after discharge reductions have 
occurred or become stranded in the interstices on gravel or cobble banks or bars (Irvine et al 2008). 
This can lead to mortality of fish due to suffocation, desiccation, freezing, or predation. 
The risk of mortality can be mitigated by limiting the rate of flow change to rates that are 
sufficiently low to minimize the risk of stranding fish in dewatered habitats or causing isolation. 
The Section 93 Order referenced above prescribes flow ramping rates for CLD and requires that a 
stranding study is undertaken to verify that these flow ramping rates are protective of fish (i.e., do 
not result in fish stranding and/ or unintended fish mortality) within the lower Capilano River. 
Ecofish was retained by GVWD in 2019 to conduct the stranding study, which is presented in this 
report.
The stranding study consisted of the following components:

• Selection of stranding sensitive monitoring sites (SSMSs) distributed throughout the lower
Capilano River, followed by installation of temporary water level loggers and habitat surveys
of the identified SSMSs.

• Development and implementation of a ramping test protocol at SSMSs during the period with
highest sensitivity to ramping (i.e., fry-present period).

• Completing data analysis and reporting to describe the effectiveness of GVWD's operational
ramping protocols at the CLD, and provide recommendations to further mitigate stranding
risk based on the results of the ramping monitoring and stage/ discharge relationships
developed at the SSMSs.
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adult salmon at CAP-DSSD07 were found dead and/ or stranded; however, based on the condition 

(i.e., poor condition, rate of decay of the fish, evidence of predation) and location (i.e., depth of water 

and distance of fish observations from the mainstem wetted edge) of the fish, these observations were 

unlikely to have been related to the ramp-down. 

In addition, 10 juvenile salmonids and one sculpin were found isolated at CAP-DSSD01; these 

observations were likely due to the ramp-down, given the locations of the fish. Given that flow was 

expected to remain low following the planned ramp-down, six of these salmonids were successfully 

salvaged, however the remainder could not be relocated. Crews assessed that it was possible that fish 

that were not salvaged would have eventually been stranded. 

A live isolated adult Coho Salmon was observed at CAP-DSSDOS. Although the cause of isolation 

could not be determined, it was considered possible that it was related to the ramping event; the fish 

was salvaged and returned to the mainstem. 

Figure 22. 
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Figure 23. Ramping rate at each SSMS and discharge at GVWD hydrometric station 

("Pool") during the October 1, 2019 shutdown. 
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4. DISCUSSION
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4.1. Summary

Overall, fish stranding and isolation were detected during stranding searches during three of the four 
monitored events on the Capilano River during 2019. During the three events monitored in the 
spring, ramping resulted in low levels of stranding; specifically, ramping events were identified as the 
possible or likely cause of stranding of two fish (both sculpins) that were detected following 
separate events on April 25 and May 7. During the single event monitored in the fall (October 1), the 
ramping event was considered to be the likely cause of stranding of two Coho Salmon fry and 
isolation of an additional 10 juvenile salmonids. Further, the October 1 ramping event was assessed 
to have possibly contributed to the stranding of one adult Coho Salmon and isolation of one 
additional adult Coho Salmon, which was salvaged. 

There is uncertainty regarding whether isolation of fish will result in mortality as it depends on ambient 
environmental conditions (e.g., temperature) and when flow subsequently increases. 
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Our assessment is limited to observations of four test results and does not consider the potential loss 

of fish productivity that may result from the current operations. Estimating total mortality would 

require extrapolating search results based on the area of affected habitat and number and type of 

operational events, while also accounting for observer efficiency. This total mortality estimate would 

then need to be compared to the abundance of affected species to understand the potential effects on 

productivity: that analysis exceeds the scope of the current study. 

Additional mitigation measures could be employed to reduce stranding mortality during future 

operations. Six potential mitigation measures were assessed by Ecofish for biological feasibility and 

effectiveness, as detailed in Section 4.2 (presented in no particular order). Depending on conditions 

and operational constraints, these measures could be considered in isolation or combination; however, 

before implementing, all measures would require assessment by GVWD to consider operational and 

financial feasibility. 

4.2. Assessment of Potential Mitigation 

4.2.1. Reduced Ramping Rate 

The risk of stranding fish during a ramping event depends on the wetted history, the rate of stage 

change (i.e., ramping rate), the magnitude of stage change, and many other biotic and abiotic factors 

(Nagrodski et al. 2012; Irvine et al. 2014). Reducing the ramping rate is generally expected to reduce 

the risk of stranding and associated mortality. Generic standard DFO ramping criteria of -2.5 cm/hr 

during the fry-present period and -5.0 cm/hr at other times (Cathcart 2005) are generally considered 

to pose a low stranding risk. As shown in Section 3, current Project operations result in faster ramping 

rates at SSMSs than these standard DFO ramping criteria. Ramping rates faster than the DFO criteria 

may adequately mitigate stranding risk and have been proven effective at other hydropower projects 

in BC: the specific rates required vary between rivers due to channel morphology and the stranding 

sensitivity of the fish species present. 

To understand how ramping rates at the Pool gauge correspond to rates at the SSMSs in the lower 

Capilano River, we used the stage-discharge relationships (Figure 14) to calculate the standard DFO 

ramping criteria at the SSMSs (fable 6). These rates vary based on discharge, with higher discharge 

corresponding to higher permissible rates. Based on the current study, the maximum rates prescribed 

in Table 6 are expected to provide a high level of protection for fish as no stranded fish were detected 

at rates up to -20.8 cm/hr (i.e., CAP-DSSD02 on May 7, 2019), and isolation was only detected at 

rates at or above -8.4 cm/hr (i.e., at CAP-DSSD01 on April 25, 2019). Thus, it is possible that adequate 

protection could be afforded with maximum rates that are higher than those in Table 6, yet lower than 

the rates during the events that were monitored. However, data collected alone are insufficient to 

confirm the protectiveness of ramping rate criteria greater than the DFO criteria. If ramping rates 

higher than the DFO criteria are to be implemented as mitigation, their efficacy should be confirmed 

through conducting ramping tests to measure fish stranding in relation to the proposed rates; such 

ramping tests could be conducted actively (e.g., planned in advance) or passively (e.g., responding to 

unplanned events) according to the methods employed as part of this study. Such higher ramping rates 
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