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EXECUTIVE SUMMARY 

Located on the Seymour River, the Seymour Falls Dam (SFD) impounds Seymour Reservoir, which 

is a drinking water source for Metro Vancouver. The Seymour 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 can be mitigated by 

limiting the rate of flow change. 

Ecofish Research Ltd (Ecofish) was retained by the Greater Vancouver Water District (GVWD) in 

2020 to conduct a fish stranding study to verify that the current operational protocols at the SFD 

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 Seymour River downstream of the dam. The stranding 

study consisted of the following components: 

• Selecting stranding sensitive monitoring sites (SSMSs) throughout the lower Seymour 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); and

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

ramping protocols at the SFD and provide recommendations to further mitigate stranding risk

based on the study results.

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

in place and operational from March until November 2020, and then again from March until 

September 2021. Cross-sectional survey data and habitat measurements were also collected at each 

primary SSMS. One secondary SSMS was also searched; as this site was in a side channel adjacent to 

a primary SSMS, no water level logger was installed. 

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

GVWD hydrometric station located immediately downstream of SFD. The relationship between 

discharge at SFD and stage change rates at the SSMSs was then evaluated. 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 SFD, all of which followed 

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

(i.e., January 1 - October 31): three surveys during spring (April 2020 and May 2020 and 2021) and 

one survey in fall (September 2021). 

During the four surveyed down-ramping events, maximum measured ramping rates at the seven 

SSMSs ranged from -5.0 cm/hr to -20.6 cm/hr, which were above the generic standard DFO 

ramping rate criterion of -2.5 cm/hr during the fry-present period (Cathcart 2005; Lewis et aL  
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We assessed potential measures and conclude that controlled flow ramping and fish salvage in 

combination are expected to be the most effective approach to further mitigate fish stranding 

mortality. Considering that the rate of fish stranding detected to date is low, and that controlled flow 

ramping alone cannot eliminate fish stranding, further mitigation of fish stranding may not have 

important benefits to fisheries productivity in the Seymour River. However, potential further 

mitigation of fish stranding mortality should be discussed with DFO in light of the Fisheries Act 

prohibition against the killing of fish. 

1416-02 





Seymou r River Fish Stranding Study Pagev 

REFERENCES ............................................................................................................................ 39 

PROJECT MAP •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 41 

1416-02 









Seymour River Fish Stranding Study Page2 

the reservoir elevation must be lowered below the spillcrest. Operators release water via low level 

outlet valves, in advance of the stop log installation to lower the reservoir, and then once the logs are 

installed, dam discharge is reduced. A similar protocol is necessary to close the Bay 10 spillway gate 

following the smolt migration flow release in the spring. Finally, stop logs are removed in the fall to 

allow increased spillway capacity over the winter period; stop log removal also requires changes in 

reservoir levels. These operations may cause changes in stage that can lead to fish stranding or isolation 

on the river shoreline downstream of SFD. 

Natural ramping also occurs in the Seymour River below SFD due to pulse flows during storm events. 

In advance of storm events, water can be spilled to lower the reservoir level, increase capacity to 

absorb rapidly increasing inflow, and manage flow through the Seymour River below SFD. 

1.3. Fish Stranding Study Objectives 

Progressive changes in stream flow within a river system, whether naturally induced or the product of 

operation of a water release/ diversion structure, are known as flow ramping. Operating a dam for the 

purpose of water storage or hydropower generation can increase flow ramping rates and affect 

downstream fish populations. 

Rapid decreases in stream flow can adversely affect fish 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 bars (Irvine et al 2008). This can lead to mortality of fish due to 

suffocation, desiccation, freezing, or predation. ing or activity, other than fishing, that results in the 
death of fish" (Government of Canada 1985). 

The risk of mortality can be mitigated by limiting flow change to rates that are sufficiently low to 

minimize the possibility of stranding fish in dewatered habitats or causing isolation. The Section 93 

Order referenced above prescribes flow ramping rates for SFD 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 Seymour River. Ecofish Research Ltd (Eco fish) 

was retained by the GVWD in 2020 to conduct a stranding study, the results of which are presented 

in this report. 

The stranding study consisted of the following components: 

• Selection of stranding sensitive monitoring sites (SSMSs) distributed throughout the Seymour

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), and
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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. 

4.2. Assessment of Potential Mitigation Measures 

Mitigation measures for fish stranding include: fish salvage, controlled flow ramping rate limitations, 

and physical habitat works (Nagrodski et al 2012). We assessed the biological effectiveness and 

identified operational constraints that may limit utility of these mitigation measures on the Seymour 

River. The measures are assessed individually, 

4.2.1. Controlled Flow Ramping 

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. 

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; Lewis et al 2013) are generally considered to pose a 

low stranding risk. 

As shown in Section 3, current SFD operations result in higher ramping rates at SSMSs than 

these standard DFO ramping criteria. Ramping rates higher than the DFO criteria may adequately 

mitigate stranding risk and have been proven effective at other hydropower projects in British 

Columbia, but the specific rates required vary between rivers due to channel morphology and the 

stranding sensitivity of the fish species present. Moreover, in addition to the ramping rate, the risk of 

stranding fish during a ramping event depends on the wetted history, the magnitude of stage change, 

and other biotic and abiotic factors (Nagrodski et al 2012; Irvine et al 2014). Controlled flow 

ramping alone will not eliminate fish stranding, which occurs naturally. We expect that lower 

ramping rates will reduce the risk of fish stranding, but further study would be required to identify 

the reduction in risk. 

More protective ramping rates can be developed through ramping tests which could be conducted 

either actively (e.g., planned in advance) or passively (e.g., responding to unplanned events) using the 

methods employed as part of this study. The potential to implement higher ramping rates may vary 

seasonally, reflecting differences in fish presence and habitat use, and resultant stranding risk, 

between seasons. 
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The effectiveness of controlled flow ramping as fish stranding mitigation in the lower Seymour River 

may be increased by scheduling ramping events during night-time periods. According to the literature, 

the risk of fish stranding is reduced at night (Saltveit et al 2001; Irvine et al 2014). For instance, juvenile 

salmonids tend to hold in the water column at night instead of seeking cover in interstitial spaces and 

are therefore less likely to occupy sensitive habitats as they are dewatered. Irvine et al (2014) found 

that night-time ramping reduced stranding risk for other fish species as well, including suckers and 

sculpins. The effectiveness of night-time ramping could be evaluated concurrent with the testing of 

flow ramping rates. 

The effectiveness of controlled flow ramping may be increased by a preceding the ramp down by a 

preliminary, more rapid ramp down, followed by an equivalent ramp up. Known as a 'conditioning 

flow', this approach intends to "teach" juvenile fish to emigrate to deeper waters during subsequent 

flow reductions (Irvine et al 2009). However, it tests of large ramp downs on large rivers this approach 

has not been effective in mitigating mortlaity (Irvine et al 2014). 

4.2.2. Fish Salvages 

Conducting fish salvage as part of a stranding monitoring program is one of the most common 

methods to mitigate adverse effects caused by fish stranding during dewatering activities and 

hydropower plant shutdowns (Nagrodski et al. 2012). However, fish salvage is labour-intensive and 

expensive, particularly in response to water level fluctuations that occur regularly. Substantial resources 

would be required to monitor and salvage fish throughout the entire reach of the Seymour River that 

would be dewatered during SFD down-ramping, including difficult-to-access habitats. Higgins and 

Bradford (1996) reported poor effectiveness of fish salvages in reducing the impacts of hydropeaking 

on a long gravel bed river similar in morphology and substrate to the lower Seymour River. However, 

focussed salvages in identified stranding hot spots, which has been used at other hydroelectric projects, 

will reduce stranding mortality and may be justified. 

4.2.3. Channel Modification 

Physical habitat contouring has been shown to be effective at decreasing fish stranding in other 

systems (Irvine et al 2014). This mitigation requires that physical works be undertaken in the stream 

channel to reduce stranding-sensitive habitat. This is completed by: 

• Increasing water depth of side-channel inlets;

• Increasing bank slope gradient;

• Adjusting channel width;

• Decreasing cover by removing larger substrate and reducing the prevalence of interstitial

spaces, and

• Eliminating or deepening pools (and isolated depressions).

Channel modification would require heavy machinery access to the river channel would have negative 

effects on fish habitat, both in the short term due to disruption, and the longer term by changing 
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habitat suitability. Further, not all fish stranding sites could be accessed and not all could be modified 

to reduce strandings. The modifications may be reversed during subsequent high flows, requiring 

maintenance, resulting in high effort and cost to implement, given the length of river along which fish 

may strand. 

4.2.4. Evaluation of Mitigation Options 

Controlled flow ramping and fish salvage in combination are expected to be the most effective 

approach to further mitigate fish stranding mortality. Channel modification is not considered a feasible 

mitigation at this site. Lower ramping rates, implemented at night, will likely reduce fish mortality 

whereas 'conditional releases' may not be effective. Considering that the rate of fish stranding detected 

to date is low, and that controlled flow ramping alone cannot eliminate fish stranding, further 

mitigation of fish stranding may not have important benefits to fisheries productivity in the Seymour 

River. 

5. CLOSURE

This Fish Stranding Study report has been prepared to describe the effectiveness of 

GVWD's operational ramping protocols at the SFD. As requested by GVWD, options have been 

provided 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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