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PREFACE 

This report is an overview of Pacific Northwest Laboratory1s (PNL) 
research on how hydroelectric generation affects aquatic biota and environ

ments. We describe the major accomplishments of our research and identify 
additional work needed to permit optimal use of available data. Our research 
goals are to: 1) identify impacts of hydroelectric generation, 2) provide 

guidance in allocating scarce water resources, and 3) develop techniques to 
avoid or reduce the impacts on aquatic communities or to compensate for una
voidable impacts. 

Through our laboratory and field experments, we are developing an under

standing of the generic impacts of hydrogeneration. Because PNL is located 
near the Columbia River, which is extensively developed for hydroelectric gen

eration, we use it as a natural laboratory for studying a large-scale operat
ing system. Although the impacts we study result from a particular system of 

dams and operating procedures and occur within a specific ecosystem, the 
results of our studies also have application at hydroelectric generating 

facilities throughout the United States. 
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INTRODUCTION 

Hydroelectric generation occurs throughout the United States at dams and 
pumped storage facilities. Dams generally are constructed across flowing 

bodies of water, which allows the flow to be directed through turbine genera
tors. Dams are also constructed and licensed to aid navigation, store water 

for irrigation, and to control flooding. As the fiscal and environmental cost 
of fossil- and nuclear-fueled electrical generators increase, and as the public 
opposition to them grows, it becomes cost effective to modify existing dams 
built without generators to provide new electrical generation capacity and to 

construct new low-head facilities on small streams~ At pumped storage facili
ties, two reservoirs located near each other but separated by a difference in 

elevation provide sufficient head for falling water to drive turbine 
generators. 

The expansion of hydroelectric capacity, however, is not free of environ
mental problems. Pumped storage~ conventional hydroelectric dams, and the 

addition of turbines at non-hyd~oelectric dams affect aquatic habitats. We 
identify some of these effects, discuss recent PNL research related to these 
effects, and discuss research needs and the application of these research 
projects to hydroelectric generation. 
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EFFECTS OF HYDROGENERATION 

Whether electricity is generated by conventional hydroelectric dams, by 
turbines added to existing dams, or by pumped storage facilities, water has to 
be stored, water flow has to be regulated, and water has to pass through tur
bines. Environmental impacts related to these events vary not only with the 
mode of operation, but also with the physical and environmental characteristics 
of the facility's location (Table 1). Depending on design and operational 
characteristics, some dams store water for a whole season while others are 
restricted to daily storage. Some water withdrawal systems permit selection 
of depth at which water is withdrawn to control discharge temperature, while 
others are restricted to a single depth. Turbines differ in design, amount of 
and rate at which water passes through them, and in provisions made to protect 
fish populations. Fish passage facilities, when provided, vary with species 
requirements and facility location. The characteristic most likely restricted 
by facility location is hydraulic head. 

The environment of each hydrogenerating facility must be considered when 
predicting and assessing impacts. Dams on rivers or· streams used byanadromous 
fish can delay or block migration. When a stream is impounded for a pumped 
storage facility, ecological change is accelerated and the resident fish popu
lations change in number and composition. Warm-water species may become more 
prevalent than cold-water species if water temperatures rise. Benthic 
invertebrate, algal, and macrophate communities will also be affected by the 
change from a lotic to lentic habitat. Shoreline community productivity is 
reduced by water level fluctuations. 

The following discussion gives examples of several environmental effects 
related to water storage, flow regulation, and turbine passage observed at 
hydrogenerating facilities. 

Water Storage 

Dams are built to block rivers or streams so water can be stored in reser
voirs and released through turbines to produce electricity. Pumped storage 
facilities also use reservoirs to store water for electrical generation. 
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These reservoirs inundate large areas of land, change current patterns, flood 
existing riparian communities, and create new shoreline areas (Table 1). 
Baxter and Glaude (1980) review environmental effects of dams and impoundments 

in Canada. 

Inundation caused by an impoundment provides new aquatic habitats. Fish 
that require flowing water for spawning may no longer be able to reproduce and 
are replaced by species adapted to reservoir habitats. When fish passage is 

blocked by a dam, anadromous and catadromous species may be excluded from" 
spawning areas. This eventually results in fish loss or displacement of whole 
fish populations. Habitat changes resulting from impoundment may affect other 
aquatic organisms, particularly benthic invertebrates. 

In British Columbia, Canada, pre- and post-impoundment studies were con

ducted on the Campbell river system (Geen 1974). Major changes were observed 
in benthic populations from Buttle and Lower Campbell lakes after impound
ment. In Buttle Lake, organism abundance decreased after impoundment, and 
some benthic species completely disappeared. Andrusak (1972) studied the 
distribution of rainbow trout (see Table 2 for a list of common and scienti·fic 
names for fish species discussed in this report) in Kootenay Lake, British 

Columbia, after the filling of Duncan Dam reservoir. As the result of changed 
current patterns and altered temperature-turbidity-discharge regimes, rainbow 
trout were redistributed within the lake. 

Fickeisen (1979) discusses environmental impacts related to the develop

ment of pumped storage reservoirs. Larger-sized fish species are expected, 
and warm-water species may become more prevalent than cold-water species in 
pumped storage reservoirs. Carp, suckers, and largemouth bass may replace 
trout and smallmouth bass at many locations. Sculpins may be replaced by 
sunfish and perch, and the benthic insects such as stoneflies and caddisflies 
that require flowing water may be replaced by reservior forms such as 

chironomids and mayflies. 

Regulated Flow 

Water flows at hydroelectric generating facilities are regulated. Water 
can be stored to reservoir capacity and held for use during periods of peak 

5 



TABLE 2. Common and Scientific Names of Fish Used in this Report 

Common Name 
black bu 11 head 
bluegill 
bridgelip sucker 

chinook salmon 
cisco 
common carp 
small mouth bass 
largemouth bass 
largescale sucker 
northern squawfish 

northern pike 
pumpk i nseed 
rainbow steelhead trout 
lake trout 
shad 
white sturgeon 

walleye 
ye 11 ow perch 

Scientific Name 
Ictalurus melas (Raf.) 
L. macrochirus Raf. 
Catostomus columbianus 

(Eigenmann and Eigenmann) 

Q. tshawytscha (Walbaum) 
Coregonus 2£2.. 
Cyprinus carpio L. 
Micropterus dolomieui Lacepede 
~. salmoides (Lacepede) 
C. macrocheilus Girard 

Ptfchocheilus oregonensis 
Richardson) 

Esox 1 ucius L. 

Lepomis gibbosus (L) 
Salmo gairdneri (Richardson) 
Salvelinus namaycush (Walbaum) 
Alosa ~. 
ACi~enser transmontanus 

( ichardson) 

Stizostedion vitreum (Mitchill) 
Perca flavescens (Mitchill) 

power demand. Additionally, dams often regulate flow to aid navigation, store 
water for irrigation, or provide flood control. Regulating flows cause fluctu
ating water levels and can change water quality (e.g., temperature, atmospheric 
gas concentration, and turbidity) up and downstream from the hydrogenerating 
facility. Bennett Dam on the Peace River in Alberta, Canada, regulates the 
river discharge (Anon. 1971), resulting in the disruption of flows to down
stream wetland areas. Spawning areas for cisco along the shores of Lake 
Athabasca are adversely affected. Cisco are the basic food supply for the 
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important harvestable fish populations in the area such as walleye, pike, and 
lake trout. With a major decline in the cisco food base, these commercial fish 
are threatened. 

Controlled flows at Priest Rapids Dam in Washington have been used during 
fall months to prevent chinook salmon spawning in shoreline areas that are 
regularly dewatered during the winter by peaking power production at the dam 
(Bauersfeld 1978). These flow regulations were initiated to mitigate adverse 
effects of water level fluctuations that occur during chinook salmon spawning, 
egg incubation, and fry development (Bauersfeld 1978). 

In the Pacific Northwest, loss of juvenile salmonds and other fish by 
stranding as a result of acutely fluctuating river flows has become a major 
concern of fishery resource managers (Bayha and Koski 1974; Thompson 1970). 
Haber, Moore and Hicks (1978) review present and potential impacts of fluctu
ating flows on the lower Clearwater River, Idaho, and provide references to 
relevant on-site studies. Becker et ale (1981) present some effects of water
level fluctuations on fish in the Hanford Reach of the Columbia River. 

Regulated water levels have also been used as a fishery management tool 
to control undesired fish populations (carp, shad, squawfish) in reservoirs by 
excluding these fish from spawning habitats and exposing previously spawned 
eggs. 

Fluctuating water levels in pumped storage reservoirs and currents that 
occur during the pumping or generating mode of operation may prevent develop
ment of seasonal thermal stratification or alter water quality by changing the 
distribution of industrial discharges (Reynolds 1977). Altered current pat
terns may also disrupt normal migration and movement of fish. 

Hildebrand et ale (1980) report several environmental impacts related to 
water level fluctuations resulting from the development and operation of small
scale hydroelectric dams. The major impacts include resuspension and redistri
bution of bed and bank sediment; leaching of soluble matter from the littoral 
zone and the shoreline; changes in sediment, nutrient retention, and water 
quality; loss of available habitat; reduced productivity; and shifts in spe
cies diversity. 
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Water Passage Through Turbines or Over Dams 

Hydroelectric generating facilities pass water through turbines to produce 
power. Aquatic organisms entrained by water passing through turbines are sub
jected to mechanical injury and to potentially lethal pressure transients. 

Passage through turbines is a major problem affecting juvenile salmonid 
survival in the Columbia River (Schoeneman, Pressey and Junge 1961; Olson and 
Kaczynski 1980). Snyder (1975) reports large numbers of fish are pumped from 
the lower reservoir to the storage reservoir at the Muddy Run pumped storage 
facility in Susquehanna, Pennsylvania. Fickeisen (1979) discusses the effect 
of turbine entrainment at pumped storage facilities and the difficulties in 
quantifying losses in such large-volume systems. 

As water passes through turbines or over dams, atmospheric gas can be 
entrained and supersaturate the water with dissolved gases. Supersaturation 
may be potentially lethal to aquatic organisms near hydroelectric facilities. 

The effects of gas supersaturation have been reviewed by Weitkamp and 
Katz (1980). The impacts of turbine passage and exposure to increased gas 
saturation must be included in the assessment of impacts from hydroelectric 
generation. 

In a thermally stratified system, the level at which water is withdrawn 
and released through turbines influences the temperature of the discharged 
water and the thermal profile of the impoundment. Some high-head dams have 
provision to control the level of withdrawal in order to control water tem
perature downstream. The level can be seasonally adjusted to provide for 
management of river temperatures. 
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SUMMARY OF PNL RESEARCH 

For over a decade, the Ecological Sciences Department of Pacific Northwest 
Laboratory has examined effects of hydroelectric generating facilities on 
aquatic ecosystems. Most of our work has been related to effects of: 1) regu
lated flow, 2) changes in dissolved gas levels, and 3) restrictions on fish 
movement and migration. We emphasized development of methods and application 
of site-specific findings to achieve a generic understanding of the major 
aquatic impacts arising from hydroelectric generation. Publications 
describing past and current studies conducted in our laboratories in the 
adjacent reach of the Columbia River and at off-site locations are listed in 
the bibliography accompanying this report. 

Communicating program results to federal and state water resource managers, 
to hydroelectric generating agencies, to the public, and to the scientific com
munity is one of the priorities of project management. We also coordinate our 
research with other research and regulatory groups at various governmental 
levels. 

In addition to presentations and formal publications on project research, 
our personnel participate in related professional activities. Scientists at 
PNL have served as members of the Interagency Nitrogen Task Force to coordinate 
research on gas bubble disease and to provide a route of communication among 
involved agencies; we hosted a Gas Bubble Disease Workshop in 1974, published 
proceedings of this workshop, and recently edited a special section on gas bub
ble disease in Transactions of the American Fisheries Society. We summarized 
the results of columnaris disease research at PNL from 1965 through 1973, 
focusing on epizootiology in the Columbia River system, and published the data 
as a monograph in 1978. We presently serve on an informal coordinating com
mittee to design research projects on predator-prey interactions in the 
Columbia River system as they relate to effects of hydroelectric impoundments, 
fishways, and spillway effects. C. D. Becker served as Associate Editor of 
Transactions of the American Fisheries Society. We have published a large 
number of journal articles and technical reports discussing the impacts of 
hydrogenerating facilities on the aquatic environment. 
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A summary of PNL research related to hydroelectric generation that was 
funded by the Department of Energy and its predecessors follows. For addi
tional details, refer to PNL Annual Reports and to articles and reports in the 
bibliography at the end of this report. 

Effects of Regulated Flow 

Changes in flow regimes caused by peaking power generation impose severe 
daily river-stage fluctuations in the Hanford Reach of the Columbia River. 
Such large and sudden changes create an unstable shorezone and affect water 
temperatures. Potential impacts include alternately flooding and dewatering 
wide beach areas, which affect shallow-water periphyton, macrophytes, benthos, 
and fish dependent on shoreline habitat. Our studies have focused on the 
effects of these fluctuations on fish populations that use shallow-water, 
shoreline habitats for spawning, rearing, and nursery areas. 

River-Stage Monitoring 

We developed a pressure-sensitive radiotelemetry system that permits con
tinuous remote recording of river stage. Three telemetry system devices were 
used to monitor changes in river stage in study areas concurrent with 
stranding, entrapment, and smallmouth bass nesting studies. River stage varies 
by as much as 2 m on a typical day in response to the cumulative effects of 
peaking power operation at upstream dams. River-stage data are supplemented 
by topographical surveys, beach slope and exposure data, and by water temper
ature records. Together, these data provide the basis for a future modeling 
effort to describe changes in river stage as a result of changes in flow 
release from upstream dams. Additionally, this modeling effort will relate 
river-stage changes to environmental impacts. 

Salmon Redd Surveys 

PNL has conducted annual surveys of fall chinook salmon redds in the 
Hanford Reach since 1947. These aerial counts of redds provide a relative 
index of fall chinook salmon spawning activity. The surveys indicate a trend 
toward increased numbers of chinook spawners during most of this recorded 
period, but spawning numbers have stabilized in recent years. The most remark
able feature of the data is several sudden increases in the number of salmon 

12 



redds observed, which occurred simultaneously with filling of impoundments on 
upstream parts of the river. This increased spawning apparently represents 
displacement of fall chinook salmon from historic spawning sites where the 
free-flowing river was transformed into reservoirs. 

Salmon Redd Dewatering 

Storage and manipulation of water levels result in potential dewatering 
of areas where fish species that construct nests or have demersal eggs normally 
spawn. Such dewatering may result in exposure of developing eggs. We studied 
the effects of de~atering on developing chinook salmon eggs and fry in arti
ficial redds. Four intergravel developmental stages were tested. The develop
mental stage most tolerant to dewatering was the stage from "eyed-egg" to 
hatching. Eggs from fertilization to the eyed-egg stage and fry are less tol
erant of dewatering. Egg-sac fry were killed by brief dewaterings. They need 
protection against exposure to such conditions. These results, when fully 
analyzed, will be of use to water resource managers in providing the maximal 
protection for developing eggs and fry during critical periods in areas with 
limited water supplies. 

Stranding and Entrapment Surveys 

As a result of changes in river stage, shorezone organisms are subject to 
stranding above the water line or entrapment in pools that form as river level 
recedes. We conducted observational surveys of these phenomena and found that 
stranding is relatively unimportant where the beach slope is steep and the 
change in river stage is slow. However, fish, invertebrates, and insects are 
subject to entrapment in ponds. Large numbers of small fish that use shorezone 
areas for nursery grounds become entrapped and subsequently lost due to 1) pre
dation by terrestrial mammals or birds, 2) temperature rises in excess of ther
mal tolerance limits, or 3) dewatering of the ponds. Dewatering effects are 
strongly dependent on substrate and bank storage of water. Water remaining in 
the shorezone substrate may slow the rate of dewatering. We are designing 
experiments to quantify these losses and relate them to the rate of change and 
duration of reduced river stage. 
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Centrarchid Nesting Surveys 

We have examined the effects of fluctuating water levels on reproduction 
success of the smallmouth bass. Dewatering of nesting areas and changes in 

water temperature caused by fluctuating water levels have strong potential for 
disrupting spawning. Nest surveys indicate an unusually high proportion of 

newly constructed nests. Sudden temperature changes may cause suppression of 
spawning, disruption of embryogenesis, or changes in the guarding behavior of 

adult males, thereby allowing other fish to prey on the eggs. 

Smallmouth Bass Radiotelemetry 

Movements of smallmouth bass were monitored with externally-mounted radio
transmitters during and immediately following spawning. Tagged adults tended 
to stay on the spawning ground throughout the nesting season and then moved 

from the backwater areas used for nesting to deeper mainstem river areas. A 
significant difference in distance traveled after the spawning season was 

observed for fish using two different spawning areas. Results were corrobo
rated by dart tags returned by sport fishermen. 

Effects of Changes on Water Quality 

A major effect of hydroelectric generation on water quality is genera
tion of water supersaturated with dissolved atmospheric gas. Several of our 
research tasks over the past decade involved defining the degree and extent of 
gas supersaturation and the tolerance of aquatic biota to gas bubble disease, 
which results from exposure to gas supersaturated water. The Columbia River, 
for example, has been severely affected in past years when excess water was 
passed over dam spillways; the water became supersaturated and fish were 
exposed to lethal conditions. 

Tolerance to Gas Bubble Disease 

An extensive series of bioassays was conducted to determine tolerance of 

three fish species to gas bubble disease at different temperatures. The 
results indicated important species differences. Tolerance decreased with 

increased temperature for a given species. These studies with rainbow trout, 
black bullhead, and pumpkinseed sunfish were conducted in shallow tanks that 
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did not have sufficient depth to permit a significant degree of hydrostatic 
pressure to compensate for the excess of dissolved atmospheric gases. 

Dissolved Gas Analysis and Monitoring 

We tested and refined several methods to determine the supersaturating 
levels of oxygen and nitrogen dissolved in water. These included both field 
and laboratory methods for total gas and for the principal component gases. 

We surveyed dissolved gas levels in the Columbia and Snake rivers as well as 

in tributary streams to develop an understanding of the mechanisms of super
saturation and define typical dissolved gas regimes in streams with and with
out hydroelectric generation facilities. 

Distribution of Chinook Salmon Relative to Dissolved Gas Supersaturation 

Radiotelemetry was used to monitor the depth distribution and movements of 

chinook salmon in the Snake River relative to dissolved gas levels. Compensa
tion for supersaturation is available in deeper waters from increased hydro
static pressure, which reduces the level of supersaturation for a given gas 
content in water. Thus, if fish responded to supersaturation by sounding, 
they could reduce the danger of exposure to gas bubble disease. Our studies 
were the basis of a doctoral dissertation demonstrating that adult chinook 
salmon returning upriver during a period of potentially dangerous supersatu
ration swam deeper than chinook migrating during a period of near-normal 
saturation. During the period of supersaturation, the fish spent most of 
their time below the critical zone where gas bubble disease could occur. 

Effects of Restricting Fish Movement and Migration 

Large dams effectively block or delay the migration and movement of fish. 
Often fish passage facilities are constructed to mitigate these effects, but 
these are often the source of a new set of impacts. We examined movements of 
resident and anadromous species under different flow regimes as well as the 
role of fish ladders in concentrating fish and the spread of infectious 

diseases. 

Movement of Sturgeon 

Columbia River sturgeon at one time made extensive round-trip migrations 
from upriver areas to the estuary. However, construction of many hydroelectric 
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dams on the river system blocked that movement. We used external radiotrans
mitters to monitor movements of adult and sub-adult sturgeon in the Hanford 
Reach of the Columbia River. Movements seemed keyed to water temperature; 
during periods of cool temperature, they tended to remain in deep pools, but 
movements began when temperatures warmed in the spring. The direction of 
travel was somewhat dependent on the size of the fish monitored. 

Migration of Chinook Salmon 

For 2 years, radio-tagged adult chinook salmon were tracked to evaluate 
their delays at dams and swimming depth distribution as they moved between and 
over Snake River dams. Although the fish traveled quickly between dams (in 
1 to 3 days), they spent up to 5 weeks passing over the fishways. Some fish 
were never recorded as having crossed the dams. 

Fish Disease Resulting from Concentration 

We studied the incidence of columnaris disease caused by Flexibacter 
columnaris in anadromous salmonids. Infected resident fish that release dis
ease organisms are frequently found in fish ladders and at other sites related 
to dams. Areas such as fish ladders concentrate fish and increase chances of 
infection. It is probable that such sites are important in the spread of 
other communicable fish diseases. 

Other Related PNL Research 

We conducted a review of the environmental effects of pumped storage 
hydrogeneration and identified research needs related to pumped storage. In 
1975, we made a preliminary assessment of the effects that discharge from the 
N-Reactor in the Hanford Reach of the Columbia River had on water temperature 
and aquatic ecology. At the request of the Richland Operations office, we 
reviewed potential effects that construction of the Ben Franklin Dam in the 
Hanford Reach of the Columbia River would have on Hanford Operations. These 
assessmemts would not have been possible, or would have lacked considerable 
accuracy, without the background and experience that PNL personnel have 
obtained over the years from working on programs supported by the Department 
of Energy and its predecessors. 
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RELATED RESEARCH FOR OTHER SPONSORS 

In addition to operating the Pacific Northwest Laboratory for the Depart
ment of Energy, Battelle Memoral Institute contracts with other government and 
private sponsors for research work. Some of this research has been related to 
hydrogeneration and is summarized here. 

Dissolved Gas Studies 

We conducted dissolved gas surveys in the lower Snake River for the North 
Pacific Division, U.S. Army Corps of Engineers for use in calibrating a mathe
matical model relating spillway/discharge volume to supersaturation. Studies 
of the effects of hydrostatic pressure compensation on gas bubble disease tol
erance and the effects of gas supersaturation on aquatic insect larvae were 
conducted for the Seattle District, U.S. Army Corps of Engineers. 

Hydroelectric Impact Assessment 

We conducted a comprehensive assessment of the Ben Franklin Dam alterna
tive for future development of the Hanford Reach of the Columbia River. Spon
sored by the Seattle District U.S. Army Corps of Engineers, these studies 
examined effects on 1) fish and aquatic resources, 2) wildlife usage of ripar
ian areas, 3) riparian plant communities, and 4) rare and endangered species 
that could be affected. The study included extensive mapping of habitats and 
analysis of mitigation measures that could be employed. 

Migration of Juvenile Salmonids 

We are assisting Public Utility Districts in the mid-Columbia area by 
advising them on sampling design of experiments to determine effects of con
trolled spillway operation on the downstream movement of marked juvenile 
salmonids. 

Stranding and Entrapment 

To facilitate design and construction of river water intakes for the 
Washington Public Power Supply System (WPPSS) nuclear projects, river flow was 
decreased to its minimum permitted level (36,000 cfs) at Priest Rapids. Under 
contract to United Engineers and Constructors, we surveyed stranding and entrap
ment of fish during this brief study when Hanford Reach river stage was rapidly 
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dropped to the lowest licensed flow allowable and held there for several hours. 
Adult course fish were stranded in some areas where beach slope was gradual, 
and adults and juveniles of several species were entrapped in small ponds and 
backwater areas. 

Impingement at Water Intakes 

We have conducted studies of impingement of fish on the WPPSS Hanford Gen
erating Plant intake screens. An inverse correlation was found between river 
stage and impingement velocity. At low water levels the velocity of water 
approaching and passing through the traveling screens is higher than it is at 
higher water levels. 

We appraised the effects of various water intake systems on the central 
Columbia River in relation to nuclear power plants planned by WPPSS in 1973. 
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RESEARCH NEEDS 

Our evaluation of PNL's research to date suggest the following research 
is needed to more comprehensively understand the impacts of hydroelectric 
development on aquatic biological systems. 

Impacts of Fluctuating Water Levels 

Short-term (daily) changes in river flow and the resultant water level 
fluctuations need to be correlated with biological impacts. Using hydro
generation to meet peaking power needs significantly changes turbine loading 
and, therefore, river stage. Pumped storage projects experience even more 
severe changes in reservoir water levels during operation than do conven
tional hydro projects. Such changes affect the littoral zone and its assoc
iated communities. Research is needed to determine the severity of impacts 
and quantitatively predict the effects of proposed operating schemes on 
aquatic resources. 

We have an extensive data base on river stage and temperature for study 
areas where we simultaneously collected biological data. Limnological surveys 
support the data base. Biological data include observations of stranding and 
entrapment of shore-zone fish, nesting surveys for smallmouth bass, and studies 
of the effects of repeated dewatering of artificial redds on the survival and 
development of salmon eggs and larvae. 

Correlation techniques are needed to relate river stage and water temper
ature changes and to extend that information to quantifying biological impacts. 
Existing models relate flow to stage, but these have not been specifically 
designed for the shallow shore zone, particularly backwater areas that are bio
logically important, and they do not predict temperature changes that result 
from changes in stage. Such model refinement is possible with our existing 
information. Although the model would be developed largely with site-specific 
data, generic application can be made by field data from other locations. 

Additional information needed to evaluate effects on biota include: 
1) quantification of stranding and entrapment as they relate to beach slope, 
topography, and substrate; 2) evaluation of effects of fluctuating water levels 
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on primary and secondary productivity; 3) definition of effects of fluctuating 
temperature regimes on fish embryogenesis; and 4) behavioral observations of 
mobile aquatic populations. Additional physical data need to be developed 
relating water temperature to meteorological conditions and changes in river 
stage. Improving and expanding our monitoring capabilities to record water 
quality would help refine the model. To predict effects on fish spawning 
areas, information is needed on bank storage of water, rate at which typical 
spawning substrate dries, and temperature changes in spawning areas exposed to 
the air. 

Impacts on Critical Habitats 

Hydroelectric generation causes major physical changes in the environment 
due to impoundment, inundation, and controlling the release of water. The 
effect of habitat changes on aquatic populations needs to be evaluated. 
Although we can predict the effects a given project will have on the habitat, 
critical habitats and their use by some aquatic organisms have not been 
clearly defined. A list of generic criteria for defining critical habitats 
must be developed. Specific data adapted to the criteria then must be 
assembled from the literature, field work, or both. After critical habitats 
are defined, we can assess how they are affected by a proposed project. 

Our past work has provided some regional information relevant to this 
task, including a historical data base on salmon redd counts, data on repro
duction of smallmouth bass, and movements of sturgeon, smallmouth bass, and 
adult chinook salmon. 

Life history data for important but little understood species such as 
sturgeon are needed to evaluate and identify critical habitats and related 
information that describes the ecosystem structure and function. Critical 
habitat requirements and the degree of their flexibility need to be identified. 
For example, we need to know which species are dependent on flowing water for 
spawning and which ones require stable shore zones. The regional importance 
of the populations affected partially determines the severity of a particular 
impact. 
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Development of Mitigative Techniques 

As we become increasingly aware of competition for the use of limited 
resources and of the consequences of unbalanced resource management, we 
realize the importance of mitigating adverse impacts and creatively managing 
our resources to optimize their value. Data from field and laboratory studies 
that can be used to optimally allocate water resources while protecting the 
aquatic ecological community need to be collected and made available to 
resource managers. 

We already have preliminary data on the relative dewatering tolerances of 
chinook salmon eggs and fry, surveys of smallmouth bass nesting, and habitat 
conditions expected to occur after the construction of hydrogeneration plants. 

Future research is needed to identify and evaluate ways to alleviate 
adverse impacts from hydrogeneration. Proposed techniques include the use of 
sprinklers to irrigate spawning areas that are dewatered; the use of diking to 
limit fluctuations of water level and temperature in backwater areas; and the 
use of controlled-flow regimes during critical biotic periods to limit adverse 
physical effects. In addition, changes in habitat resulting from hydrogenera
tion offer opportunities to enhance riparian and wetland communities, and these 
opportunities need to be identified and evaluated. 
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RELATIONSHIP TO NATIONAL NEEDS 

As we seek independence from foreign petroleum supplies and attempt to 
develop our nation's renewable energy resources, the generation of hydro
electric power will be an increasingly important consideration. Development 
will involve conventional and pumped storage systems; retrofitting of existing 
non-generating dams with generators; creating new hydrogeneration capacity at 
small dams (low-head dams on small tributaries with less than 50 MW generation 
capacity); and changes in operating modes at existing dams to optimize power 
generation. At the same time, competing uses for water resources (irrigation, 
navigation, fish production, thermal power generation, etc.) have focused 
attention on water scarcity and on the need to manage rivers and reservoirs as 
integrated systems. 

Analysis of environmental impacts is required by state and federal legis
lation prior to development of new hydrogeneration facilities. As a part of 
the licensing and permitting process, utilities are required to evaluate 
adverse effects of their proposed facility and to consider ways to mitigate 
losses of fish and wildlife. Our research program is designed to provide the 
background information required for such evaluatons and to facilitate 
development of hydrogeneration resources while providing a reasonable level of 
protection for aquatic environments. 

If we are to protect aquatic ecosystems for their contribution to world 
ecosystem functioning, quality of life, and the economic value of the fisher
ies they support, we need to continually examine the relationship of these 
living communities to their physical environment and how they are affected by 
water resource management and development. 
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