by Sale et al. (1991), development of standardized valuation criteria would
benefit utilities and regulatory agencies. ; :
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EFFECTIVENESS OF WATER RELEASE AS MITIGATION
FOR HYDROELECTRIC IMPACTS TO FIsSH

By Adam F. Lewis,' and A. Clyde Mitchell?

AssTRACT: Ulility companies relcase water to mitigate the cffects of hydroclectric
projects on fish habitats. Utility companics, government agencics, and research
communities in Canada, the United States, Europe, New Zealand, and Australia
were surveyed as part of a Canadian Electrical Association study to evaluate the
effectiveness of water release as a mitigation. Respondents identified only 28 proj-
ects in which water was released specifically to protect fish habitats. Fewer than
half of thesc projects (12) were judged as being effective. Six case histories with
preimpact assessment and postimpact monitoring were reviewed. In four cases fish
habitat or fish populations or both were maintained: in two cases they were not.
The cffectivencss of water release differed among rivers and fish specics, and was
greatest when designed to meet the habitat requirements of each life-history stage.
A review of the literature did not support the theory that a particular fraction of
the mean annual flow provides the best fish habitat. Although smaller changes in
the flow regime had smaller effects, increasing minimum flows above those his-
torically observed did not nccessarily increase fish production.

INTRODUCTION

Background

The extent of hydroelectric development in Canada creates the potential
for a widespread impact to fish habitat. The Department of Fisheries and
Oceans (DFO) may require that utilities meet instream-flow needs for fish
habitat and thereby forego some revenue from electricity generation.. The
effectiveness of water released for fish habitats is of concern to utility com-
panies, regulatory agencies, and the public, because allocation of water
between competing needs determines resource values and social costs. This
paper evaluates the effectiveness of water releases from hydroelectric proj-
ects as a mitigation strategy to protect fish habitats, and is based on a study
sponsored by the Canadian Electrical Association (Lewis et al. 1994).

Objectives

The objective was to identify and report on the findings of earlier studies
on the effectiveness of water release as mitigation. Methods of prescribing
water-release regimes were identified, along with measures required to
maintain the effectiveness of water release. To achieve this, sites were iden-
tified at which water release has been used by utilities and other developers
to maintain fish habitats in Canada, the United States, Europe, Australia,
and New Zealand. Basic data on these sites, such as rate of flow, species
involved, and type and quantity of habitat protected, were collected. The
methodology used to prescribe the flow release and to assess the effects of
flow regulations was identified, and the effectiveness of the resultant flow-
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release prescription was noted. To increase the usefulness of this study to
Canadian utilities, studies with data pertaining to Canadian anadromous
and freshwater species were targeted.

METHODS

To evaluate the effectiveness of fish water-release sites relevant to Ca-
nadian situations and species, and to identify methods of assessing instream
flow needs, data were collected in a stepwise approach. The published
literature was searched by computer for information on water-release pro-
tocols and monitoring programs. This literature was reviewed and sum-
marized as an annotated bibliography. From the review of the published
literature, key representatives from within utility companies, government
agencies, and research communities were identified and contacted via ques-
tionnaire for specific details (anecdotal and unpublished literature) of water-
release protocols and monitoring programs associated with hydroelectric
developments for which they were responsible. Following receipt and review
of the questionnaires, data gaps and deficiencies were filled by conducting
telephone interviews with the questionnaire respondents, and other profes-
sionals involved in these projects, as necessary. Although projects in several
countries were reviewed, the focus of data collection was on Canadian
projects.

RESULTS

urve, '
5 A t’(l)tal of 35 questionnaires were distributed by mail to representatives
of hydroelectric utility companies, government agencies, and researchers,
There were 39 projects with water releases to protect fish habitats. The
objective of water-release programs was most commonly to protect fish
habitats (92% of the projects). Of the 39 projects with a water release
designed to protect fish habitats, 21 (54%) had monitoring programs fol-
lowing construction, but in only 12 (31%) projects were fish, fish habitat,
or both monitored both prior to and following project operation. Even
though pre- and postdevelopment studies were made for just 12 studies, 28
studies reported on the effectiveness of flow release. Detailed information
was lacking on monitoring at most of the projects identified from the ques-
tionnaire survey, limiting our selection of case studies to be examined to
those with substantial monitoring data. )
In-river projects and projects with storage had a higher percentage of
effective releases than diversion projects or run-of-river projects (Table 1).
Of the 35 projects within Canada, 23 projects evaluated water release, and

TABLE 1. Projects with Effective Water Release— Effect of Project Type on Ef-
fectiveness

Diversion In River Both
Effectiveness | Sample | Effectiveness | Sample | Effectiveness Sa(nple
Project type (%) size (%) size (%) size
(1) (2) (3) (4) (5 (6) (7)
Run of river 0 2 50 4 33 6
Storage 38 13 63 8 48 21
Both 33 15 58 12 44 27

/ JOURNAL OF ENERGY ENGINEERING / AUGUST 1995

al. (1991). The assessment of effects will require additional monitoring over
several years, perhaps decades. In the short term, some answers may come
from the analysis of existing data on fish population size and habitat status.
These data have been collected for other purposes, but may serve to assess
water-release effectiveness.

Defensible monitoring will follow an experimental approach that can
assess the impacts of hydroelectric developments without bias. This would
necessarily require a rigorous design to monitor several projects simulta-
neously with adequate controls (Walters et al. 1989). Monitoring efforts on
systems with relatively unimportant fish-bearing streams or reaches should
also be encouraged. The current study was biased by the tendency for
preimpact studies and monitoring data to be collected from streams with
relatively important fisheries resources. As a whole, lesser streams may
provide a large proportion of the fish production within a region and thus
should not be ignored.

Study Life History Requirements .

Intensive studies of the life-history requirements of fish species affected
by water releases are required. Where possible, life history and behavior
studies should be made on the stream where water is being released as a
mitigation for fish habitat,

Define Productive Capacity

Productive capacity is used as an assessment criterion, but is not well
defined. As a result, utilities are faced with using water releases to achieve
an ambiguous goal. At present, habitat is the key evaluation criterion.
However, habitat protection may not protect productive capacity, because
habitat is an indirect measure of fish-population health. Both habitat and
population have strengths and weaknesses as measures of productive ca-
pacity. By studying the relationships between these measures it may be
possible to get a more accurate estimate of how water releases affect pro-
ductive capacity,

Assess Peak Flows

The need for flushing flows should be examined wherever a flow release
is prescribed. Flushing flows may not always be available for release; how-
ever, the consequence of not providing one should be predicted and mon-
itored. Trade-offs between provision of a continuous low flow and a periodic
flushing flow should be identified in terms of fish habitat and fish production.

Define Objectives

The effectiveness of water releases should be evaluated against well-
defined objectives. The objective of a water release must be explicitly de-
fined in terms of which species are to be protected or optimized. If diversity
of species is a goal, this too should be explicitly stated. Any monitoring
effort must be designed to measure variables important to fish and address
fish survival and the ecological differences between streams.

Value Fisheries Resources and Mitigation

The efficiency of water releases can be assessed only if common, mean-
ingful units of value are available to compare water- release mitigation costs,
other mitigation costs, and fisheries resource values. As previously noted
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Sediments accumulated in both rivers and have had negative impacts on
spawning gravel quality in the Big Qualicum River. Sufficient time has not
elapsed since the Upper Saimon River Project began to determine the effect
of sediment accumulation on the fish habitat.

Notwithstanding concerns about inadequate flushing flows, the case his-
tories showed that methods of instream-flow prescription are effective. Dis-
charge methods (e.g., the Montana Method) appear to have been sufficient
to protect fish resources at the Upper Salmon and Wreck Cove Projects.
A discharge method was also applied at Daisy Lake, but the recomménded
flows were not implemented and so the effectiveness of the method cannot
be evaluated. Only at Terror Lake was the instream-flow incremental meth-
odology applied, and it appears to have successfully protected and enhanced
habitats on two rivers.

Conclusions

The effectiveness of water release at projects examined in this study varied
between project type. In-river projects tend to have more effective water
releases because they have the capability to release flows at critical life-
history periods. No general statement regarding the effectiveness of a mag-
nitude of flow or percent of mean annual flow could be made on the basis
of the projects evaluated here. Although smaller changes in the flow regime
had smaller effects, increasing minimum flows above those historically ob-
served did not necessarily increase fish production. .

The most detailed monitoring programs evaluated in this study assessed

the effectiveness of water releases in maintaining both habitat and popu-

lations. The monitoring programs did not address all of DFO’s goals of
sustainable fisheries development: avoiding irreversible habitat damage,
maintaining genetic diversity, maintaining habitat diversity, and providing
a net gain in productive capacity (Levy 1992). The evidence of effectiveness
is equivocal for some projects because of confounding effects and the short
period of time elapsed since projects began. None of the studies examined
had data on the cost of the water release and the value of the fish resource
protected specifically by the water release.

The case histories showed that methods of prescribing instream flows

were effective. Professional judgment performed well in the case histories
examined—two of the three case histories in which water releases were set
based on professional judgment were effective. These releases were higher
than required by standard setting techniques, demonstrating the conser-
vative effect of professional judgment. Standard setting approaches (dis-
charge methods) were applied in two case histories but were not able to
predict the direction and magnitude of impacts for some species. A common
flaw among the case histories was the failure to account for changes in
channel morphology and streambed composition that result from changes
in the flow regime. Damage to habitat from sedimentation was common to
projects lacking flushing flows.

RECOMMENDATIONS

Additional Monitoring

Sufficient information was identified for detailed review at only 15% of
the projects where water was released to protect a fish habitat. This confirms
the need for more intensive monitoring of the effectiveness of water released
as a mitigation, as earlier observed by Rosenberg et al. (1989) and Sale et
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TABLE 2. Projects with Effective Water Release within Canada—Distribution be{
tween Provinces Reporting Water Releases

Projects where Water
Release was Evalu- -

ated Effective Releases
Percentage Percentage
of total of total
Number (%) Number (%)
(2 (3) 4) (5)
2 9 2 22
1 4 1 11
1 4 1 11
0 0 0 0
5 22 4 44
2 9 0 0
0 0 0 0
12 52 1 11
23 — 9 —

*Includes three projects on the Nipigon River.
"The Big Qualicum Development Project (nonhydroelectric) was excluded.
“Not applicable.

Table 2 shows the number of projects reporting effectiveness among the
provinces. The breakdown of responses further demonstrates the bias in
this survey, and the responses do not accurately represent the frequency of
water-release effectiveness across the country.

Case Histories

The preceding reviews identified six projects for which sufficient infor-
mation existed to justify a detailed case history analysis. The six projects
are: Upper Salmon River—Newfoundland; Wreck Cove—Nova Scotia;
Ragged Rapids—Ontario; Daisy Lake —British Columbia; Big Qualicum—
British Columbia; and Terror Lake—Alaska. The Big Qualicum River
Project is a fisheries-enhancement project in which water is stored and
released solely to benefit fish production. The project does have all the
elements of a power-storage project (except power generation), and there-
fore provides information of use in this study.

The case histories showed that water releases partly protected fish habitat
at all six case projects. In two of the case histories studied (Wreck Cove
and Terror Lake), populations and habitats for which data were available
were protected. In two of the case histories (Upper Salmon and Big Qual-
icum), protection was complete except for an increase in sedimentation
caused by reduced flushing flows. In one case history the recommended
flow was not released (Daisy Lake) and fish habitat was lost. In the last
case history the release provided minimal protection (Ragged Rapids). The
case histories are summarized in Tables 3 and 4.

None of the case histories provided an experimental test of the effec-
tiveness of flow release, and the extent of inference involved in the eval-
uations varied between assessments. The Big Qualicum and Upper Salmon
River case histories demonstrated that even conservative minimum-flow
prescription may fail to protect habitat if flushing flows are not provided.
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TABLE 3. Case Histories Reviewed to Assess Water-Release Effectiveness

Characleristic Upper Saimon Project Wreck Cove Project Ragged Rapids Project I
(1) (2) (3) (4) “
Provinee Mewioundland Mova Seolia Ontarin
Generaton Capacaty (MW) B4 s | B
Type Storape/diversion Storageddiverson Storepeidiversion
River impacted West Salmon River Cheticamp River Moon Hiver
Year completed 1982 1978 1938
Preproject MAF (m's) fr.40 1.0 SO0
E::E: I.Elr::w.- e Enmrr_:unus 2 A __ | Bummer low fow period During walleve spawning and incubation
f
!
3
)
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TABLE 4. Case Histories Reviewed to Assess Water-Release Effectiveness

Charactoriatic Daisy Lake Project Big Oualicum River Progect Tamor Lake Project
(1) (2 3 (4}
Provinee British Columbia British Columbia Alaska
Generation capacity (MW) 140 0 {storage only) 20 -
e e i I o

Divar imnartad

Maalbamsie Divas

Note: MAF = mecan annual flow and PMAF = preproject mean annual flow (all Hows in m/s).




