
Columbia River
System Operation Review
FInal F.nvironmentallmpacl Statement

Appendix C
Anadromous Fish and Juvenile Fish Transportation

rn -- ­.-. ---



PUBLIC INVOLVEMENT IN THE SOR PROCESS

The Bureau of Reclamation.Corps of Engineers. and Bonneville Power Administration wish Co

thank those who reviewed the Columbia River System Operation Review (SOR) Draft EIS and
appendicesfor their comments. Yourcommentshave provided valuablepublic.agency,and tribal
input to the SOR NEPAprocess. Throughout the SOR. we have made a continuingeffort to keep
the public informed and involved.

Fourteen public seeping meetings were held in 1990. A series of public roundtables was
conducted inNovember 1991 to provide an updateon thestatusofSOR studies. Theleadagencies
went back 10 most of the 14 communities in 1992 with 10 initial system operating strategies
developedfrom the screening process. From those meetingsand olher consultations.seven SOS
alternatives (with options) were developed and subjected to full-scale analysis. The analysis
results were presented in the Draft EIS released in July 1994. The lead agencies also developed
alternativesfor the other proposedSOR aciions, including a Columbia RiverRegional Forumfor
assisting in lhe detennination of future SOSs, Pacific Nonhwest Coordination Agreement
alternatives for power coordination. and Canadian Entitlement Allocation Agreements
alternatives. A series of nine public meetingswas held in September andOctober 1994to present
the Draft EIS andappendices and solicitpublic input on the SOR. The lead agencies·received282
formal wrinen comments. Yourcomments have been used to revise and shape the alternatives
presented in the Final EIS.

Regular newsletters on the progress of the SOR have been issued. Since 1990, 20 issues of
Streamline have been sent to individuals, agencies, organizations.. and tribes in the region on a
mailing list of over 5,000. Several special publications explaining various aspects of the study
have also been prepared and mailed to those on the mailing list. Those include:

The Columbia River: A System Under Stress
The Columbia River System: The Inside Story
Screening Analysis: A Summary
Screening Analysis: Volumes I and 2
Power System Coordination: A Guide to the Pacific Northwest Coonlinatioo

Agreement
Modeling the System: How Computers are Used in Columbia River Planning
DailylHourlyHydrosystem Operation: How the Columbia River System Responds to

Short-Tenn Needs

Copies of these documents, theFinal ElS, and other appendices can be obtained from any of the
lead agencies, or from libraries in your area.

Yourquestions and conuneuts on these documents should be addressed to:

SOR Interagency Team
P.O. Box 2988
Portland, OR 97208-2988
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PREFACE: SETTING THE STAGE FOR THE SYSTEM OPERATION REVIEW

WHAT IS THE SOR AND WHY IS IT BEING
CONDUCTED?

The Columbia River System is a vast and complex
combination of Federal and non - Federal facilities
used for many purposes including power production,
irrigation, navigation, flood control, recreation, fish
and wildlife habitat and municipal and industrial
water supply. Each river use competes for the
limited water resources in the Columbia River Basin.

To date, responsibility for managing these river uses
has been shared by a number of Federal, state, and
local agencies. Operation of the Federal Columbia
River system is the responsibility of the Bureau of
Reclamation (Reclamation), Corps of Engineers
(Corps) and Bonneville Power Administration
(BPA).

The System Operation Review (SOR) is a study and
environmental compliance process being used by the
three Federal agencies to analyze future operations
of the system and river use issues. The goal of the
SOR is to achieve a coordinated system operation
strategy for the river that better meets the needs of
all river users. The SOR began in early 1990, prior
to the filing of petitions for endangered status for
several salmon species under the Endangered
Species Act.

The comprehensive review of Columbia River
operations encompassed by the SOR was prompted
by the need for Federal decisions to (1) develop a
coordinated system operating strategy (SOS) for
managing the multiple uses of the system into the
21st century; (2) provide interested parties with a
continuing and increased long-term role in system
planning (Columbia River Regional Forum); (3)
renegotiate and renew the Pacific Northwest Coor­
dination Agreement (PNCA), a contractual arrange­
ment among the region's major hydroelectric-gen­
erating utilities and affected Federal agencies to
provide for coordinated power generation on the
Columbia River system; and (4) renew or develop
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new Canadian Entitlement Allocation Agreements
(contracts that divide Canada's share of Columbia
River Treaty downstream power benefits and obliga­
tions among three participating public utility districts
and BPA). The review provides the environmental
analysis required by the National Environmental
Policy Act (NEPA).

This technical appendix addresses only the effects of
alternative system operating strategies for managing
the Columbia River system. The environmental
impact statement (EIS) itself and some of the other
appendices present analyses of the alternative
approaches to the other three decisions considered
as part of the SOR.

WHO IS CONDUCTING THE SOR?

The SOR is a joint project of Reclamation, the
Corps, and BPA-the three agencies that share
responsibility and legal authority for managing the
Federal Columbia River System. The National
Marine Fisheries Service (NMFS), U.s. Fish and
Wildlife Service (USFWS), and National Park Ser­
vice (NPS), as agencies with both jurisdiction and
expertise with regard to some aspects of the SOR,
are cooperating agencies. They contribute informa­
tion, analysis, and recommendations where appropri­
ate. The U.S. Forest Service (USFS) was also a
cooperating agency, but asked to be removed from
that role in 1994 after assessing its role and the press
of other activities.

HOW IS THE SOR BEING CONDUCTED?

The system operating strategies analyzed in the SOR
could have significant environmental impacts. The
study team developed a three-stage process-scop­
ing, screening, and full-scale analysis of the strate­
gies-to address the many issues relevant to the
SOR.

At the core of the analysis are 10 work groups. The
work groups include members of the lead and coop­
erating agencies, state and local government agen­
cies, representatives of Indian tribes, and members
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of the public. Each of these work groups has a
single river use (resource) to consider.

Early in the process during the screening phase, the
10 work groups were asked to develop an alternative
for project and system operations that would provide
the greatest benefit to their river use, and one or
more alternatives that, while not ideal, would pro­
vide an acceptable environment for their river use.
Some groups responded with alternatives that were
evaluated in this early phase and, to some extent,
influenced the alternatives evaluated in the Draft
and Final EIS. Additional alternatives came from
scoping for the SOR and from other institutional
sources within the region. The screening analysis
studied 90 system operation alternatives.

Other work groups were subsequently formed to
provide projectwide analysis, such as economics,
river operation simulation, and public involvement.

The three-phase analysis process is described
briefly below.

• ScopingIPiiot Study-After holding public
meetings in 14 cities around the region, and
coordinating with local, state, and Federal
agencies and Indian tribes, the lead agencies
established the geographic and jurisdictional
scope of the study and defined the issues that
would drive the EIS. The geographic area
for the study is the Columbia River Basin
(Figure P-1). The jurisdictional scope of
the SOR encompasses the 14 Federal proj­
ects on the Columbia and lower Snake Rivers
that are operated by the Corps and Reclama­
tion and coordinated for hydropower under
the PNCA. BPA markets the power pro­
duced at these facilities. A pilot study ex­
amining three alternatives in four river re­
source areas was completed to test the deci­
sion analysis method proposed for use in the
SOR.

• Screening-Work groups, involving regional
experts and Federal agency staff, were
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created for 10 resource areas and several
support functions. The work groups devel­
oped computer screening models and applied
them to the 90 alternatives identified during
screening. They compared the impacts to a
baseline operating year-1992-and ranked
each alternative according to its impact on
their resource or river use. The lead agen­
cies reviewed the results with the public in a
series of regional meetings in September
1992.

• Full- Scale Analysis-Based on public com­
ment received on the screening results, the
study team sorted, categorized, and blended
the alternatives into seven basic types of
operating strategies. These alternative
strategies, which have multiple options, were
then subjected to detailed impact analysis.
'Iwenty-one possible options were evaluated.
Results and tradeoffs for each resource or
river use were discussed in separate technical
appendices and summarized in the Draft
EIS. Public review and comment on the
Draft EIS was conducted during the summer
and fall of 1994. The lead agencies adjusted
the alternatives based on the comments,
eliminating a few options and substituting
new options, and reevaluated them during
the past 8 months. Results are summarized
in the Final EIS.

Alternatives for the Pacific Northwest Coordination
Agreement (PNCA), the Columbia River Regional
Forum (Forum), and the Canadian Entitlement
Allocation Agreements (CEAA) did not use the
three-stage process described above. The environ­
mental impacts from the PNCA and CEAA were not
significant and there were no anticipated impacts
from the Regional Forum. The procedures used to
analyze alternatives for these actions are described
in their respective technical appendices.

For detailed information on alternatives presented
in the Draft EIS, refer to that document and its
appendices.
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WHAT SOS ALTERNATIVES ARE CONSIDERED
IN THE FINAL EIS?

Seven alternative System Operating Strategies (SOS)
were considered in the Draft EIS. Each of the seven
SOSs contained several options bringing the total
number of alternatives considered to 21. Based on
review of the Draft EIS and corresponding adjust­
ments, the agencies have identified 7 operating
strategies that are evaluated in this Final EIS.
Accounting for options, a total of 13 alternatives is
now under consideration. Six of the alternatives
remain unchanged from the specific options consid­
ered in the Draft EIS. One is a revision to a pre­
viously considered alternative, and the rest represent
replacement or new alternatives. The basic catego­
ries of SOSs and the numbering convention remains
the same as was used in the Draft EIS. However,
because some of the alternatives have been dropped,
the numbering of the final SOSs are not consecutive.
There is one new SOS category, Settlement Discus­
sion Alternatives, which is labeled SOS 9 and re­
places the SOS 7 category. This category of alterna­
tives arose as a consequence of litigation on the
1993 Biological Opinion and ESA Consultation for
1995.

The 13 system operating strategies for the Federal
Columbia River system that are analyzed for the
Final EIS are:

SOS 1a Pre Salmon Summit Operation represents
operations as they existed from around 1983 through
the 1990-91 operating year, prior to the ESA listing
of three species of salmon as endangered or threat­
ened.

SOS 1b Optimum Load-Following Operation
represents operations as they existed prior to
changes resulting from the Regional Act. It attempts
to optimize the load-following capability of the
system within certain constraints of reservoir opera­
tion.

SOS 2c Current Operation/No-Action Alternative
represents an operation consistent with that speci­
fied in the Corps of Engineers' 1993 Supplemental
EIS. It is similar to system operation that occurred

in 1992 after three species of salmon were listed
under ESA.

SOS 2d [New] 1994-98 Biological Opinion repre­
sents the 1994-98 Biological Opinion operation that
includes up to 4 MAF flow augmentation on the
Columbia, flow targets at McNary and Lower Gran­
ite, specific volume releases from Dworshak, Brown­
lee, and the Upper Snake, meeting sturgeon flows 3
out of 10 years, and operating lower Snake projects
at MOP and John Day at MIP.

SOS 4c [Rev.] Stable Storage Operation with Modi­
fied Grand Coulee Flood Control attempts to
achieve specific monthly elevation targets year round
that improve the environmental conditions at stor­
age projects for recreation, resident fish, and wild­
life. Integrated Rules Curves (IRCs) at Libby and
Hungry Horse are applied.

SOS Sb Natural River Operation draws down the
four lower Snake River projects to near river bed
levels for four and one-half months during the
spring and summer salmon migration period, by
assuming new low level outlets are constructed at
each project.

SOS Sc [New] Permanent Natural River Operation
operates the four lower Snake River projects to near
river bed levels year round.

SOS 6b Fixed Drawdown Operation draws down the
four lower Snake River projects to near spillway
crest levels for four and one-half months during the
spring and summer salmon migration period.

SOS 6d Lower Granite Drawdown Operation draws
down Lower Granite project only to near spillway
crest level for four and one-half months.

SOS 9a [New] Detailed Fishery Operating Plan
includes flow targets at The Dalles based on the
previous year's end-of-year storage content,
specific volumes of releases for the Snake River, the
drawdown of Lower Snake River projects to near
spillway crest level for four and one-half months,
specified spill percentages, and no fish transporta­
tion.
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SOS 9b [New] Adaptive Management establishes
flow targets at McNary and Lower Granite based on
runoff forecasts, with specific volumes of releases to
meet Lower Granite flow targets and specific spill
percentages at run-of-river projects.

SOS 9c [New] Balanced Impacts Operation draws
down the four lower Snake River projects near
spillway crest levels for two and one-half months
during the spring salmon migration period. Refill
begins after July 15. This alternative also provides
1994-98 Biological Opinion flow augmentation,
integrated rule curve operation at Libby and Hungry
Horse, a reduced flow target at Lower Granite due
to drawdown, winter drawup at Albeni Falls, and
spill to achieve no higher than 120 percent daily
average for total dissolved gas.

SOS PA Preferred Alternative represents the opera­
tion proposed by NMFS and USFWS in their Bio­
logical Opinions for 1995 and future years; this SOS
operates the storage projects to meet flood control
rule curves in the fall and winter in order to meet
spring and summer flow targets for Lower Granite
and McNary, and includes summer draft limits for
the storage projects.

WHAT DO THE TECHNICAL APPENDICES
COVER?

This technical appendix is 1 of 20 prepared for the
SOR. They are:

A. River Operation Simulation

B. Air Quality

C. Anadromous Fish

D. Cultural Resources

E. Flood Control

F. Irrigation/Municipal and Industrial
Water Supply

G. Land Use and Development

H. Navigation

I. Power
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J. Recreation

K. Resident Fish

L. Soils, Geology, and Groundwater

M. Water Quality

N. Wildlife

O. Economic and Social Impacts

p. Canadian Entitlement Allocation
Agreements

Q. Columbia River Regional Forum

R. Pacific Northwest Coordination Agree-
ment

S. U. S. Fish and Wildlife Service Coor-
dination Act Report

T. Comments and Responses

Each appendix presents a detailed description of the
work group's analysis of alternatives, from the
scoping process through full- scale analysis. Several
appendices address specific SOR functions
(e.g., River Operation Simulation), rather than
individual resources, or the institutional alternatives
(e.g., PNCA) being considered within the SOR. The
technical appendices provide the basis for develop­
ing and analyzing alternative system operating
strategies in the EIS. The EIS presents an inte­
grated review of the vast wealth of information
contained in the appendices, with a focus on key
issues and impacts. In addition, the three agencies
have prepared a brief summary of the EIS to high­
light issues critical to decision makers and the
public.

There are many interrelationships among the differ­
ent resources and river uses, and some of the appen­
dices provide supporting data for analyses presented
in other appendices. This Anadromous Fish Appen­
dix relies on supporting data contained in other
Appendices. For complete coverage of all aspects of
River Migration, readers may wish to review all
appendices in concert.
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CHAPTER 1

BACKGROUND, SCOPE, AND PROCESS

1

1.1 INTRODUCTION: HISTORY AND
BACKGROUND

The Columbia River basin is a huge watershed that
supports a varied and growing number of human
activities. These activities include power generation,
recreation, navigation, irrigation, and flood control.
In addition, the basin encompasses thousands of
acres of fish and wildlife habitat. Over the decades
since the 1930s, when the Federal government
entrusted joint responsibility for operating the
Federal portion of the Columbia River hydrosystem
to the Bureau of Reclamation (BaR), the US Army
Corps of Engineers (Corps), and the Bonneville
Power Administration (BPA), demands on the river
by the different user groups have increased exponen­
tially.

Early on, when the demands on the system were
primarily technical - involving improved flood
control, power generation, navigation and irrigation
- the problems associated with them were relatively
straightforward. The demands were answered by
more and better dams and locks.

In the mid-20th century, the base of user groups
began to expand, including more hunters, fishermen,
boaters, hikers, campers, and backpackers. These
groups introduced a more widespread environmental
awareness to the discussion of river use. Fish and
wildlife management were added to the list of
demands. Tensions among the user groups began to
emerge. Those people interested in the river mostly
for the power it generated, or the waterway it pro­
vided for navigation, now had to compromise with
fishermen who wanted the system operated in such a
way that salmon and steelhead continued to thrive
and return to their spawning streams in the spring,
summer, and fall.

Still, the river continued to be viewed as belonging
uniquely to its human users. If competing demands
escalated and made system operation more complex,

humans at least could compromise on their de­
mands.

Increasingly, people are coming around to the idea
that the river is not just the domain of humans, but
also is the domain of fish and wildlife that inhabit
the river and adjacent areas. Unlike the needs of
humans, however, the needs of fish and wildlife are
not simply preferences, but life cycle requirements
that cannot be compromised.

1.1.1 The Anadromous Fish Work Group
(AFWG)

To initiate the SOR process, technical work groups
were appointed to represent user groups and re­
source areas. Each technical work group was
charged with developing hydrosystem operating
strategies beneficial to its topical interests, as well as
means for analyzing the effects of all operating
strategies for impacts to its interest.

The Anadromous Fish Work Group (AFWG) repre­
sents the interests of anadromous fish - those
species of fish that hatch and rear in freshwater
lakes and rivers, migrate downriver to the ocean to
mature, and return to freshwater as adults to spawn.
The principal anadromous fish in the Columbia
basin include salmonid species (chinook, coho, and
sockeye salmon, and steelhead), and nonsalmonid
anadromous species (sturgeon, lamprey, and shad).

The AFWG is made up of members from the US
Fish and Wildlife Service (USFWS), the National
Marine Fisheries Service (NMFS), Washington
Department of Fish and Wildlife (WDFW), consul­
tants and concerned citizens, as well as members
from the three lead agencies. In addition to the
active working members, several more agencies,
interest groups, and individuals have been kept
informed of the group's activities through regularly
mailed meeting notes.
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1.1.2 Salmonid Wild Stock Status

While the AFWG represents the interests of all
species of anadromous fish, special mention needs to
be made concerning wild stocks of salmon in the
Pacific Northwest. Three stocks are presently listed
under the Federal Endangered Species Act (ESA):
Snake River sockeye salmon (endangered); Snake
River spring/summer chinook salmon (threatened);
and Snake River fall chinook salmon (threatened).
Meanwhile, mid-Columbia summer chinook salmon
have been petitioned for protection under ESA.
Under the provisions of ESA, any proposed major
change in hydrosystem operation must consider the
potential effects on listed species. Therefore, it is
appropriate to talk about the life cycle requirements
of wild salmonids as they relate to hydrosystem
operations.

Overview of Salmonid Life Cycle Requirements and
Human Impacts

Each salmonid population in its struggle to survive
has, over time, developed its own survival strategy,
its own internal clock, its own life cycle require­
ments. In describing human impacts to the wild
stocks of salmon for this introduction, this section
will describe the basic life cycle requirements of a
generic population, rather than attempt to describe
all the adaptive features of each population (see
Chapter 2 of this Appendix for a full description).

A salmon begins its life cycle as an egg deposited in
a spawning bed by the female, and then fertilized by
the male. Before depositing her eggs, the female
excavates a depression in the spawning gravel (redd)
with her tail, loosening the gravel so that water may
flow around and over the eggs, bringing them oxygen
and washing away metabolic byproducts until the
eggs hatch. Streambeds that are silted due to log­
ging or agricultural practices reduce the eggs'
chances of successfully developing at this stage by
inhibiting the flow of cleansing water around the
eggs.

Newly hatched fish reside in the gravel for several
weeks before emerging as free swimming fish. Most
species feed and grow in this freshwater habitat for
up to one year. River conditions such as flow, water

Anadromous Fish Appendix

velocity, water temperature, substrate, and water
depth are among the factors that determine the
amount of suitable habitat available for rearing fish.
The make-up of the streambed is important in
rearing because it is the production zone for the
invertebrates that serve as food for the juveniles.
The amount, type, and location of vegetation along
streambeds is also important during rearing because
this cover provides food, shade, temperature stabil­
ity, protection from predators, and overwintering
habitat. At this stage of the life cycle, logging,
agriculture, and recreation can adversely affect
juvenile development by degrading food producing
zones and reducing bank cover. Hydrosystem opera­
tions have relatively little impact on salmon and
steelhead during spawning and rearing, since ­
except for fall chinook - most spawning and rearing
activities take place in the tributaries, too far up­
stream to be influenced by dams and reservoirs.

Following rearing, the juvenile population, driven by
an internal biological clock and cues from the exter­
nal environment, leaves its rearing area and moves
into the Snake or Columbia River to begin migrating
to the sea. This is the lifestage at which the juve­
niles are most affected by the hydrosystem. While
juveniles of some wild stocks spend additional time
rearing in-river as they migrate, for most stocks the
river system is a simple pipeline to the estuary and
ocean.

Although no one is certain exactly how quickly fish
ought to make it through this migratory corridor,
probably the less the journey is impeded the better
for the population. This requires a minimum of
physical obstacles, and a way around the obstacles
that do exist. Adequate flow velocities are necessary
to move juveniles through the system. Also, external
environmental factors such as flow velocities and
water temperature help cue smoltification, the
process of physiological and morphological change
that salmon undergo as they migrate. Smoltification
adapts each fish to its new saltwater environment.
Numerous morphological changes such as the weight
to length ratio, coloration, and changes in body and
fin shape result in a smolt profoundly changed from
its earlier developmental stage. Smoltification also
produces behavioral changes, including restlessness,
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elimination of territoriality, the onset of schooling
behavior and active downstream migration.

While delays in migration due to hydrosystem opera­
tion are an indirect factor influencing smolts' ability
to survive, passage through and around dams is a
direct factor. Each passage route results in some
mortality.

One route for juveniles to pass a dam is over the
spillway when the dam is spilling water. Mortality
related to spill is caused by descaling, injury, and
disorientation that makes the smolt an easier target
for predators staging downstream of the tailrace.
Mortality also results from gas bubble trauma to
juveniles passing through gas supersaturated water
during periods at high spill volume.

Another route is through the powerhouse. As the
fish approach the turbines, they may be guided away
from them by large screens and shunted into a
bypass channel, where they will either pass around
the dam back to the river below, or be collected for
transportation downstream by truck or barge.

Guiding fish by the screen into the bypass system,
and then through the bypass system, may result in
mortality from injury and descaling, from stress
incurred during bypass (including handling, if fish
are handled for tagging), and from exiting the bypass
system into the river where predators are concen­
trated.

Fish collected from the bypass system and trans­
ported on barges to a release area downstream may
die from the stress of bypass, collection, and trans­
portation, including delayed mortality from a stres­
sor such as disease transmitted in the barge.

Juveniles missing the turbine screen will pass
through the turbines. A trip through the turbines is
typically regarded as the most dangerous route, and
mortality may occur from injury, descaling, and from
rapid pressure changes associated with turbine
operations.

Once reaching the ocean, the salmon feed and grow
to their adult size. Little is known of ocean habitat
requirements of the salmonid populations, or of the
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impact of human activities on these requirements.
There is speculation that worldwide oceanic environ­
ments are being degraded by human development
and resource exploition. Commercial harvest ob­
viously affects the fishes' chances of survival and
reproduction, and has had a major effect on some
stocks. Climatic cycles may affect survival as well.

Following ocean rearing, some members of a single
population (cohort) return upstream after a year,
some after two years, some three years, some four
years, and a very few after five years. This is a
unique adaptive feature of each population, since
fish returning in any given year may encounter
potentially lethal conditions such as low water, high
water temperatures, and/or gas supersaturation of
the water. By spreading the return across different
years, the odds of the entire population encounter­
ing catastrophic instream conditions are significantly
reduced.

In returning to its natal stream, the now-adult
population is guided by a combination of celestial,
magnetic, and olfactory cues. During this time,
adult salmon are re-adapting to fresh water. They
do not feed during this lifestage, each fish living
instead off of energy reserves stored as fat.

The hydrosystem comes back into play during the
return migration. Water velocities and temperature
effects caused by system operations, may assist or
impede a population's progress upstream. Non -op­
erational measures intended to assist returning
adults include flip lips installed on spillways to
reduce gas supersaturation below dams, and fish
ladders to enable the salmon to ascend the river
around dams.

Once the spawning stream is reached, the spawning
cycle begins anew. Following spawning, the adult
salmon die.

History of Human Impacts on Salmon Populations

Prior to the arrival of the European explorers into
the Columbia River basin in the late 1700s, an
estimated 11 to 16 million salmon and steelhead
returned yearly to the Columbia River (NPPC,
1987). At that time, Native Americans were harvest-
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ing up to five million fish per year (Ted Strong, pers.
comm. 1993).

The coming of the Europeans began a chain of
events that affected the abundance of Columbia
river salmon and steelhead.

Initially, the introduction of diseases to the natives
by seafaring explorers - and then by overland
explorers, trappers, and settlers - decreased the
American Indian populations, which decreased the
rate of salmon and steelhead harvest (Petersen and
Reed, in publication). As early trappers and settlers
joined the Native Americans in harvesting salmon
and steelhead, or bartered or bought fish from the
Tribes, conflicts between Euroamericans and the
Native Americans further reduced the Native Ameri­
can population and their use of the salmon and
steelhead.

In 1855, Governor Stevens entered into treaties with
northwest Indian tribes which, through subsequent
court action, guaranteed their right to harvest salm­
on and established them as co-equal managers of
anadromous fish resources with the state fishery
agencies (Marsh and Johnson, 1985).

At the same time, Euroamerican use of the rivers
and streams began to decrease the size of the fish
runs. Early attempts at commercial exploitation of
salmon by Euroamericans were unsuccessful until
the advent of the canning process, introduced to the
west coast in the 1860s, and to the Columbia River
in 1866 (Netboy, 1974; Mighetto and Ebel, 1995).
By the mid-1880s, 55 canneries were in operation,
yet even these canneries were not able to keep pace
with harvest by gillnetters, seiners, fishwheels, and
trollers. So many fish were harvested that fish left to
spoil on cannery floors were dumped back into the
river along with the tons of waste from fish that were
processed. During this early peak, up to 43 million
pounds of salmon and steelhead were landed annual­
ly, and fish runs began to decline precipitously.

By the 1880s, the region recognized overfishing as a
menace to the existence of the Columbia River
salmon runs. In 1887, Congress ordered the Corps
to investigate the salmon fisheries of the Columbia,
referring the Corps especially to possible obstruc-
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tions to navigation by such fishing devices as fish
wheels, river fences, fyke traps, etc.

During the overfishing menace of the 1880s, Major
Jones of the Corps reported to the Congress on
"....an enormous reduction in the numbers of spawn­
ing fish, brought about by the fishing industry...."
The Major also noted stream pollution as a factor in
the decline and recommended that, as mitigation
measures, fish hatcheries be investigated, and that
the season be closed for a week to help recover the
runs (Willingham, 1992).

Commercial fishery interests had already turned to
artificial production in the 1870s to restore depleted
runs. By 1877, they had constructed their first
hatchery, just 11 years after completion of the first
cannery.

Around the turn of the century, the states and
Federal authorities appointed fish wardens (Mighet­
to and Ebel, 1995), signaling the advent of modern
day fishery agencies. The fishery agencies joined the
commercial interests in establishing fish hatcheries
in the 1890s. Early efforts relied on taking and
hatching eggs, then returning the hatchlings to the
rivers. Poor results led to longer rearing in the
hatcheries by the early 1900s, but salmon production
was still poorly understood, and many runs were
depleted even further by well-meaning fishery
managers. As an example, between 1898 and 1902,
salmon runs to the Wallowa River in northeastern
Oregon were eliminated by managers who took the
eggs, hatched them, and stocked the fry into the
river at Bonneville, hundreds of miles downstream
(Wallowa Chieftain, 1992). The fish were genetically
programmed to return to the Wallowa River, but
because moving them so far downstream interfered
with their homing abilities, the adults could not
return to the Wallowa River to spawn. Wallowa
River chinook, coho, and Wallowa Lake sockeye
became extinct as a result of this well-intentioned
but poorly planned effort to increase the salmon
runs.

As experiments with artificial production went on,
gillnetters and trapmen competed to harvest as much
as they could as fast as they could. By 1884, both
groups were lobbying the Federal government for

1-4 FINALEIS 1995



Anadromous Fish Appendix

legislative action. In 1900, 132 fishermen applied for
permits for fishwheels or traps (Willingham, 1992).
Eventually, the gillnetters won the battle and fish
wheels were banned in Oregon in 1926, and in
Washington in 1934.

Meanwhile, an increasing number of sport fishermen
joined the onslaught on the dwindling fish runs. By
1900 there was concern over the tackle used by sport
fishermen and the numbers of fish they harvested,
although many sport fishermen, such as Rudyard
Kipling, released more fish than they kept (Mighetto
and Ebel, 1995).

Fishery managers set lengths for fishing seasons and
restricted harvest. Even though efforts were often
thwarted by lack of funds and personnel for enforce­
ment (Mighetto and Ebel, 1995), and illegal over­
harvest and poaching continued, the measures
proved successful enough that harvest again peaked
at 46 million pounds in 1911 (Netboy, 1974). Still,
by the 1930s, Columbia River harvest was half the
1911 level.

At the same time that the numbers of migrating fish
were being reduced by harvest, spawning and rearing
areas were being affected. Trappers and settlers
caused the earliest effects, disturbing spawning and
rearing areas, and diverting water for irrigation,
domestic use, and to drive mill wheels. These
activities increased dramatically in the 1860s when
gold was discovered. Mining degraded habitat, and
logging to meet the timber demands for mines,
towns, boats, barges, and railroad ties added new
impacts. Also, livestock and crops grown to feed the
burgeoning population began to affect stream quality.

Private dams built for mines, mills, irrigation, and
water supplies also destroyed salmon habitat (Mig­
hetto and Ebel, 1995). Even though the 1848 consti­
tution of the Oregon Territory directed that dams on
streams and rivers be constructed to "....allow salm­
on to pass freely up and down such rivers and
streams....," by the early 19305, the Fish Commission
of Oregon reported that dams had taken "....approx­
imately 50 percent of the most important salmon
producing area in the basin...." (Mighetto and Ebel,
1995). A dramatic example was the Sunbeam Dam
on the Salmon River that blocked access of Snake
River sockeye salmon into the Stanley Basin lakes
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from 1910 to 1934, as well as access for spring chi­
nook and steelhead that spawned above the damsite.

Following World War I, interest in mainstem dams
on the Columbia River increased. With the onset of
the Great Depression, Federal involvement in dam
construction was advocated both as a way to employ
people, and as a way of bolstering the economy of
the Northwest. Studies were conducted that would
lead to lower Columbia River Federal dams at such
sites as Warrendale (Bonneville Dam), The Dalles
Rapids (The Dalles Dam), Biggs (John Day Dam)
and Umatilla (McNary Dam), in addition to an
up-river storage dam at Grand Coulee for irrigation
and power. Also in the 1920s, Congress requested
studies of the potential for dams and navigation in
the Snake River basin. Between 1938 and 1975, the
eight Federal dams on the Columbia-Snake River
system were constructed.

The completion of Bonneville Dam in 1938 provided
the first real opportunity to count Columbia River
adult salmon and steelhead passing above the dam.
Although the count was not complete, 471,144 adult
salmon and steelhead were counted in 1938. Accord­
ing to the first complete count in 1939, 497,154 fish
passed upstream. By this time, harvest had declined
to less than 20 million pounds per year, and the
number of fish canneries had reduced to 11 (Netboy,
1974). Though restricted, commercial and sport
harvest were probably still taking too many fish, and
too few were returning to diminished spawning areas
to sustain the runs of earlier years.

The catastrophic effects of harvest, logging, mining,
and agriculture on the salmon runs indicated by the
low fish counts of 1938 and 1939 were added to by
Federal and non-Federal dams built on the Colum­
bia and Snake rivers. Due to lack of understanding
of the life cycle requirements of anadromous fish by
both biologists and engineers, and to the high prior­
ity placed by the public on power production, flood
control, irrigation, and navigation, mitigation mea­
sures for salmon and steelhead either were not
considered when the dams were designed, inade­
quately researched or underfunded.

Storage dams were built without fish passage facili­
ties, thus eliminating thousands of river-miles in the
upper reaches of the system that had once been

1995 FINALEIS 1-5



1

spawning and rearing habitat. Historically, salmon
migrated nearly 1,200 miles up the Columbia River
to Lake Windermere, Canada, and 600 miles up the
Snake River to Shoshone Falls near Twin Falls,
Idaho. Completion of Grand Coulee Dam in 1941
blocked access to over 500 miles of the upper Co­
lumbia River, excluding tributaries. Another 52
miles of the mainstem were lost with the building of
Chief Joseph Dam, the current upstream limit of
salmon and steelhead in the Columbia River.
Dworshak Dam blocked upstream migration on the
North Fork of the Clearwater River when it was
built in the early 1970s. (Figure 1-1)

Non-Federal dams, such as the Idaho Power Com­
pany's Brownlee, Oxbow, and Hells Canyon dams,
completed from 1958 through 1967, also blocked off
extensive areas. Over 50 percent of the originally
inhabited mainstem of the Snake River is no longer
accessible to anadromous fish, including up to 90
percent of the Snake River fall chinook spawning
and rearing habitat. Hells Canyon Dam now limits
access to the lower 247 miles of this river.

The listings of Snake River wild spring/summer and
fall chinook, and sockeye salmon as threatened or
endangered species has raised the consciousness of
the region to the current status of salmon, and the
ecosystem in which the salmon live. As this brief
history indicates, the role that the hydrosystem
plays in salmonid health is only one piece of the
story. Because the life cycle of wild salmonid fish is
dynamic, taking place over several years, throughout
several biologically distinct life stages, and ranging
over thousands of square miles, planning for recov­
ery must take into account habitat requirements at
each lifestage. Below is a short summary of mains­
tern recovery organization and efforts.

Mainstem Salmonid Recovery

Physical and operational mitigation efforts for
salmon are the result of long-standing regional
involvement in fish passage issues.

The Fish and Wildlife Coordination Act (PL 85-624)
of 1934 formalized the coordination process between
Federal water resource development agencies and
the Federal and state fish and wildlife agencies. The
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law was amended in 1946 and 1958 to its present
form. The FWCA has been the primary legal basis
for including fish and wildlife mitigation measures as
dams and reservoirs were constructed. Precedents
for interagency coordination set during the construc­
tion of the Bonneville Dam fish facilities in the late
1930s included the formation of an interagency
coordination group (Interstate Fish Conservation
Committee), and the funding of the Bureau of
Commercial Fisheries (BCF - now the National
Marine Fisheries Service - NMFS) to assist in
planning.

As planning began for additional dams, the Fisheries
Engineering Research Program (FERP) was formal­
ized in 1951. The FERP was comprised of Corps
biologists, representatives of the Idaho, Oregon, and
Washington fish and wildlife agencies, the BCF
(NMFS), and the USFWS. The FERP was open to
the public. Occasionally, fishery interests from
universities or other entities attended meetings.
Until the late 1960s, FERP research funded by the
Corps and conducted by the BCF and state fishery
agencies concentrated on survival of juvenile fish
through turbines and spillways, and on methods of
improving adult fish facilities. In the late 1960s and
early 1970s, emphasis switched to juvenile fish
passage problems in response to the severe gas
supersaturation problems from 1968 through the
1970s. Development of juvenile fish bypass systems,
fish screening devices, and the transportation pro­
gram were emphasized in the 1980s. In the 1980s,
the FERP became the Fish Passage Development
Evaluation Program (FPDEP), and the Columbia
basin Fish and Wildlife Committee merged into the
Columbia Basin Fish and Wildlife Authority
(CBFWA).

Ongoing research in the 1990s has concentrated on
evaluation of new fish facilities constructed under
the Corps' Columbia River Juvenile Fish Mitigation
Program, and on the improvement of fish guiding
efficiency through development of extended -length
fish screens and improved vertical barrier screens.

The gas supersaturation crisis of 1968 at John Day
Dam, and the anticipated crisis from completion of
Lower Monumental (1969) and Little Goose (1970)
dams resulted in the formation of the Nitrogen Task
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Force. This task force included the Corps, state and
Federal fishery agency representatives, university
and private consultants, and state and Federal water
quality agency representatives. Regional support for
solution to the gas supersaturation problem was
captured in a regional agreement signed by the
Governors of Idaho, Oregon, and Washington, and
sent to Congress, emphasizing the need for speed
and an effective solution to the problem. The
Nitrogen Task Force was instrumental in supporting
research to define the problem, in providing in­
formation for the establishment of state and Federal
standards for gas supersaturation, and for instigating
corrective measures. Corrective measures included:
(1) completion of upstream storage projects to lessen
the spring peak flows in the river system; (2) expe­
dited installation of turbines at The Dalles and the
four lower Snake River dams; (3) and installation of
spillway deflectors at Lower Granite, Little Goose,
Lower Monumental, McNary, and Bonneville dams
to lessen gas supersaturation when spill occurred. A
fourth solution, perforated bulkheads (holy gates)
was attempted in 1972, but was a failure. The
Nitrogen Task Force met monthly during the height
of the crisis, and as needed thereafter. The group
continued its coordination activities through the
mid-1970s, until the above mentioned solutions
were in place or under construction.

The Pacific Northwest Electric Power Planning and
Conservation Act (PL 96-501), passed by Congress
in 1980, was a mandate to the BPA to fund the
establishment of the Northwest Power Planning
Council (NPPC) that was assigned the responsibility
of developing a fish and wildlife program. After the
passage of PL 96-501, the NPPC began preparation
of the Columbia River Basin Fish and Wildlife
Program. Based on input received from the fishery
agencies, tribes, and energy/water management
agencies, the NPPC drafted their first Fish and
Wildlife Program (Program) in 1982. The Program
was the first systemwide approach to dealing with
the impacts of the hydroelectric system on the
region's fish and wildlife resources. It outlined
several measures in the areas of downstream pas­
sage, harvest management, upstream migration, and
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wild, natural and artificial propagation for increasing
salmon and steelhead populations.

One measure, introduced in 1984, was the Water
Budget, a block of water to be discharged from
storage projects to increase spring and summer flows
for juvenile fish migration in the Snake and Colum­
bia rivers. The Water Budget is used by the fishery
agencies to offset irrigation/flood storage impacts to
the natural flow regime needed for juvenile fish
migration. The Council Program is amended period­
ically to include additional mitigation measures for
salmon, resident fish, and wildlife.

In 1989, fisheries agencies, Indian Tribes, BPA, and
others signed a Long-Term Spill Agreement that
established a plan for spilling water at Federal dams
without bypass systems to help juvenile salmon and
steelhead migrating from their spawning grounds to
the ocean. The Water Budget and Spill Agreement
are both instream flow measures to help fish, but
they are quite different. The Water Budget moves
fish between dams, while spill is used to move fish
past dams.

With the potential listing of Snake River salmon,
under the ESA, a new coordination process known
as the Salmon Summit Conference was convened
late in 1989 at the request of Senator Mark Hatfield
of Oregon. This coordination process called together
all fisheries and river interests in an effort to im­
prove river conditions immediately to head off the
ESA listing. Although the Salmon Summit was not
successful in heading off ESA listing, it did bring
forward many competing interests and resulted in
ideas for improving conditions for the fish.

The System Operation Review (SOR) process began
in 1990 in an effort to evaluate the operation of the
Federal Columbia River Power System on all river
uses. One goal of the SOR is to define a long-term
operating strategy that will meet the region's needs
for salmon enhancement and provide a balance
among the region's water uses.

About the same time, the Corps initiated the Co­
lumbia River Salmon Mitigation Analysis
(CRSMA), in part to respond to the General Ac­
counting Office (GAO) finding that the Corps did
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not have a defined mitigation goal. The CRSMA
became the vehicle for continuation of studies
evolving from the Salmon Summit Conference. It is
divided into short and long-term study programs
instigated by the Salmon Summit Conference. The
short-term studies, called the System Configuration
Study (SCS), is a reconnaissance level study of the
recommendations for drawdown, bypass canals/pipe­
lines, and other ideas stemming from the Salmon
Summit or succeeding coordination processes.

With the listing of Northwest salmon as threatened
and endangered, NMFS commissioned a group of
technical experts, known as the Recovery Team to
produce a Draft Recovery Plan. This group of
independent scientists, made up of educators, ecolo­
gists, biologists, engineers, and economists, spent
two years reviewing information from agencies
around the region before producing a Draft Recov­
ery Plan for NMFS' review. NMFS' Proposed
Recovery Plan was made available to the public in
March of 1995.

Meanwhile, the operating agencies - the Corps,
BOR, and BPA - consult with NMFS as part of the
Section 7 Consultation procedures, as directed by
the ESA, for the upcoming operation of the hydro­
system.

1.2 THE JUVENILE FISH TRANSPORTATION
PROGRAM

With the listing of wild Snake River salmon species
as threatened or endangered under the ESA, there
developed an acute need to analyze the impact of
the Federal hydrosystem operation and other exist­
ing fish mitigation programs, on anadromous salmo­
nid species in the Columbia River basin. For this
reason, the AFWG study includes not only analysis
of the potential environmental effects of alternative
hydrosystem operating strategies on wild salmonids,
but also takes a hard look at the effects of these
alternative strategies with and without the Corps'
Juvenile Fish Transportation Program (JFTP) in
place.

The JFTP is a major mitigation program, begun in
1968 as an experiment by NMFS to protect salmo-
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nids from the unnatural environmental conditions
created by Federal dams and reservoirs on the lower
Snake and Columbia rivers (Ebel, 1970).

Protection is accomplished by collecting juvenile
salmon (genus Oncorhynchus) and steelhead
(0. mykiss) at dams as they migrate downstream,
and transporting them in trucks or barges around
dams and reservoirs for release downstream.

Specific conditions from which fish are protected by
transportation include direct and cumulative mortal­
ity from passing through turbines at the dams; from
predation in the reservoirs; from passage over dam
spillways, and from gas supersaturation caused by
spill at the dams. Transportation is also designed to
mitigate against delays in migration caused by
slack-waters in the reservoirs between dams.

In 1981, the program became fully operational under
the Corps (Park, et al., 1982; Park and Athearn,
1985), with oversight by the Corps, NMFS, the
USFWS, state fishery agencies, and the Columbia
River Intertribal Fish Commission (CRITFC)
(Figure 1-2).

Juvenile salmon and steelhead are transported in the
area between Lower Granite Dam, located at river
mile (RM) 107.5 on the Snake River, 30 miles
downstream from Clarkston, Washington, to the
Columbia River below Bonneville Dam, located at
RM 146.1 about 40 miles upstream from Portland,
Oregon.

Under a permit from NMFS, endangered Snake
River sockeye (0. nerka) and threatened chinook
salmon (0. tshawytsha) are collected along with
unlisted hatchery and wild salmon and unlisted
hatchery and wild steelhead at Lower Granite, Little
Goose, and Lower Monumental dams on the Snake
River, and McNary Dam on the Columbia River
(Figure 1-3).

Some fish may be bypassed back to the river below
the dam where they are collected if numbers of fish
collected exceed holding or transport vehicle capaci­
ties, or if flow conditions meet criteria for bypass of
yearling salmon under the "Spread the Risk" policy
expressed in the ESA Permit for transportation
issued by NMFS.
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Juvenile Fish Transportation

Research Phase:

1968 - 70 Ice Harbor Dam

1971 · 73 Little Goos. Dam
1975 - 80 Lower Granite and LlWe Goose Dams

1978 · 80 McNary Cam
1986 Lower Granite Dam
1989 Lower Granite Dam

Operations Phase :
1981 • 92 Lower Granite, Little Goose, and McNary Dams
1993 - Lower Granite, Ltttle Goose , and Lower

Monumental, and McNary Oams

Figure 1-2. Summary of research and opera tions fo r the j uvenile f ish transportation
program at Corps dams. 1968 to present

o..gon

Figure 1-3. Juvenile fish transportation route from Lower Granite. Little Goose. Lower
Monumental, and McNary dams to release areas below Bonneville Dam

J
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Subsets of collected salmon and steelhead are han­
dle d by Corps o r fishery agency personnel to ob tain
species co mposition, fish condition. fish size. and
other information nece ssary to carry out the trans­
po rt program. Fishery agency personnel (under a
separate ESA permit to the Fish Passage Center
{FPC» handle sampled fish for Smelt Monitoring
Program (SMP) purposes at all collector dams, and
may mark subsets of co llected fish for monitoring
progress of the c utmigra tion. Researchers (also
under sepa rate ESA perm its) handle, mark, ob ta in
scale. blood . or othe r tissue samples, or sacrifice fish
ob tained from subsets of fish collected at the trans­
port faciliti es.

The transport season typica lly lasts from March 25
through October 31 at Lowe r Gra nite, Litt le Goose.
and Lower Monumental dams, and March 25
through December 31 at McNary Dam. Juvenile
Snake River spring/summer (yea rling) chi nook,
sockeye. and steelhead are typically collected and
transported during the spring (April through June).
while late migrating yearli ng chinook, steel head,
sockeye, and subyear ling fall chinook are collected
and transported from July through October. At
McNary Dam, yearling chinook (mid-Columbia
River spring chinook and Snake River spring/sum­
mer chinook), sockeye, coho , and steelhead are
transported in the spring, while summer and fall
migrants are predomina ntly subyearJing (summer!
fall) chinook from the mid-Columbia River.

1.2.1 Juvenile Fish Collection

The num ber of juvenile fish co llected each year is a
functi on of how many wild and hatchery fish are
pr oduced above the collector dams, how many
survive to the collector dams, the fish guidance
efficiency (FGE) of fish screens in the turbines, and
the quantity of spill occurring at each dam. Each
one of these factors varies from yea r to year, ca using
the numbers of fish collected and transpo rted to vary
as well (F igure 1-4).

Collection Facilities

Juvenile salmon and steelhead approaching o ne of
the collector dams generally t ravel near the surface
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of the reservoir. Juvenile fish migrate through the
dam with the water whet her the water is going
through the powerhouse o r through the spillway.
When they approach th e powerhouse, juvenile fish
dive and enter turbin e intakes through th e tra sh
rack.s (typical ly gratings with six-inch spacing be­
tween bars inten ded to kee p larger trash from going
through turbines) (Figure 1- 5). As th ey dive down
near the ceiling of the rectangular. funnel-shaped
turbine intake (the re a re three intakes per turb ine) ,
the fish encounter traveling fish screens, which divert
them upward into ve rtica l slot s (bulkhead slots) that
lead up toward the powerhouse intake deck. The
fish swim upward to with in six to 11 feet of th e water
surface, whe re they swim or are drawn by suction
through an orifice into a collection channel or tunnel
within Lower G rani te, Little Goose, or Lower
Monumental Dam. At McNary Dam. the tun nel is
replaced by a flume in the ice/trash sluiceway of the
dam . Fish collected in the tunnel move with the
flow of water toward a pipeline or flum e which
carries them from the da m to a collection facility
below the dam. At the collec tion facility, most of
the water is removed at a separator where ad ult fish
and debris are bypassed bac k to the river (Figure
1- 5). Juvenile fish swim downward between bars in
the separator. They exit through orifices from th e
separator into distribution flumes which route the
juvenile fish into holding tan ks (raceways). sample
tan ks, or direc tly into ba rges .

According to criteria worked out with Fish Passage
Advisory Committee (FPAC) over the yea rs (FPP,
1993). fish are held at collection facilit ies less th an
48 hours from the time th ey are co llected.

New I"acilit ies

In April 1994, new juvenile fish collect ion and bypass
facilities at McNary Dam became operational. At
the beginning of the seaso n before collection started
on a routine basis, this facility was rigo rously eva­
luated by NMFS. The facility became fully opera­
tional on April 1. O ther new facilities for 1994
included a roof over the raceways and sepa rator at
Little Goose Dam. New facilities are also scheduled
for Lower Granite Dam. According to the current
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Su m m a ry by Dam of All Juvenile Fish Tr ansported
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Figure 1-4. Summary by dam of all juvenile f ish transported from 1978 th rough 1993

schedule, these facilities will be opera tional in 1998.
Extended- length turbi ne intake scree ns are under
study at McNary and Little Goose dams. According
10 the current schedule, if th ese screens prove o ut,
they will be installed at McNary Dam by 1997. and
Little Goose and Lower Gra nite dam s by 1996. New
bypass facilitie s will also be installed at Ice Harbor
Dam by 1996. and th e Dalles Dam by 1998. although
collection and transportation facilities will no t be
included.

Bypas s water Supply

River water enters the juvenile fish collection sys­
terns through orifices from the bulkhead slots within
the turbine intakes of each dam. A 12-inch orifice
typically passes 11 to 15 cis at up to 25 fps. The
cumulative total in the collection channel ranges
from about 240 cis at Lower Granite Dam to over
700 cfs at McNary Dam. It takes about 60 cfs to run
the distribution system, holding tanks, and raceways
at each facility. Excess water flows back to the river

at Lower Granite Dam, or is used in the adult fish
collection system at Little Goose, Lower Monumen­
ta l, and McNary dams.

Fish are held in water continuously throughout the
collection facilities except when sample fish are
handled in the laboratory.

Due to concerns over water quality, fish are not fed
during holding at collection facilities or during
tran sport; food and waste products would diminish
water quality. Yearling salmon and steelhead typi­
cally feed very little during their outmigration, so
there would be little effect from not feeding durin g
the 96 hours in collection and transport. Subyearling
salmon typically feed, but the collectkmrt renspon
period is short enough that the period without food
is probably less detrimental than would be the effect
of food and waste products on water quality, which
is essentia l to the well-being of the fish.

J
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Size Sepa ra uc n

At Lin le Goose, Lower Monum ent al, and McNary
dams, smaller fish (predominantly subyearling and
yearling salmon) are sepa rated from larger fish
(predomina ntly larger salmon and stee lhead) by
separator bars tha t are spaced closer togeth er (about
SIB- inch) on the firs t half of the sepa rator, or
further apart (about I 1/4-inch) on the test half of
the separator. Small juvenile fish are diverted to
racew ays, sample ta nks, or into barges by flumes that
ar e separa te from those that divert larger juvenile
fish. When loaded on trucks or barges, the fish are
kept separated by size.

Th e raceways at Lower Granite and Litt le Goose
dams are typically 4 feet wide, S feet deep, and 80
feet lo ng. Each raceway ca n hold 6,000 Ibs. of
juvenile salmonids at 0.5 IbsJga l. At an average size
of 10 per lb., 6,000 Ibs. would be 60,000 fish per
raceway. The sex of specimens is not detennined.
Spring/summer chinook and sockeye are typically
yearling fish, while fall chinook are typically sub­
yearlings. At Lowe r Mon umental and McNary
dams, the raceways are 8 feet wide. 5 feet dee p, 80
feet long a nd can hold 12,000 Ibs. o f fish at 0.5
lbs./gal. At 10 fish per lb., 120,000 fish could be held
in eac h raceway at Lowe r Monumental and McNary
dams. At all projects, fish are distributed among the
raceways to limit loading in individual raceways
below the loading criterion . The criterion of 0.5
IbsJgal is only met when facilities are filled to capac­
ity. Wh en the capacity is exceeded, excess fish are
bypassed back to the river . During th e majority of
the season, fish are held and transported at lower
densities. Raceways at Lower Grani te, Little Goose,
and Lower Monumental dams have been shaded.
Those at McNary will be shaded in 1995.

Biological Sa mpling Mtlhods

Sampl e fish are au toma tically diverted several times
per ho ur, 24 hours per day into sam ple holding
tanks. Sample rates vary. Approximately 92 to 97
percent of the co llected migrants are routed to
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raceways or directly into barges without ever being
sampled or handled. During th e late season, when
numbers of collected fish are very low, 100 percent
may be ro uted into the laboratory where they can be
held in shaded, cool conditions. When this happens,
all collec ted fish are han dled. As a result, from 10 to
87 percent of the fall chinook are sampled at the
different dams. Automatic sampling systems divert
approximately 3 to 8 percent of the collected spring!
summer chinook and O. nerka (used generically for
sockeye and kokanee) into sample tanks.

Biological sampling is limited to co llecting informa­
tion by visual inspection of sampled fish. Sampled
fish are anes thet ized, handled, and inspecte d to
de termine species, condition, and presence of marks
or brands. Subsets are meas ured and weighed .

All fish are handled acco rding to criteria established
cooperatively with the FPAC of the CBFWA (FP p,
1993). Juvenile fish are inspected for marks, and
some may be used for o ther purposes in the Small
Mo nitoring Program (SMP). As permuted by othe r
ESA permits, some of the sampled fish may be
han dled or sacrificed for research purposes. Live
fish from the sample are transported with non­
sampled fish. Juvenil e fish are not held more than
two days in the collection facilities .

Specimens taken for one type of research may be
used for other research to min imize the number of
fish th at must be sacrificed (reference ESA Sect ion
10 Pennit applications for research submit ted to
NMFS for 1994 activi ties) .

Mortalities removed from the collect ion facilities are
discarded or provided to squawfish removal program
personnel to be used for bail Mortal ities removed
from the trucks or barges a re discarded.

'TWo d rugs are used in the collection process, Benzo­
ca ine with alcohol, and MS- 222 (Matth ews, et aJ.,
1987) . Benzocaine is admi nistere d to fish held in
pre - anesthet ic tank s before passing into the labora­
tory. MS- 222 is administered in the sort ing trough
in th e laboratory. All fish are anesthetized in water
without handling.
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Lower Granite
.uvenille Bypass System

Anadromous FISh A~ndix

Figure 1-5. Lower Granite juvenile bypass system showing locat ion of f ish screen,
orifice, and collection channel.
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1.2.2 Juvenile Fish Transportation

Juvenile salmon and steethead are tran sported from
the collector dams to release areas below Bonneville
Dam. Early in the season when numbers are low,
fish are trucked and released from the shore below
the Bonneville First Powerhouse. When the major­
ity of the fish are transported, they are barged, with
the trip originating at Lower Granite Dam and
additional fish loaded into the barge at the other
collector dams. At the beginning and end of the
spring barging season, a ba rge leaves Lower Granite
Dam every other day. During the peak, ba rges leave
Lower Granite every day. In the summer, barging
shifts to McNary Dam, and trucking resumes from
the Snake River dams . Until the end of October,
trucks are loaded on a barge below Bonneville Dam
and barged out into mid-river where they release
their fish. Summer barging lasts through mid-Au­
gust. then flSh trucked from McNary Dam are also
barged mid-river for release through the end of
December, unless K:y conditions cause: earlier shut
down of the transportation program.

Fish Loading

Fish loading procedures are oversee n by project
biologists, state agency biologists, and trained facility
or equipment operating personnel. Fish collected in
raceways are mechanically crowded to the exit pipe
as the water level is lowered in the raceway. The
last few fish are manually crowded through the exit
pipe . Water is flushed through the pipe to ensure
that all fish are loaded into the truck or ba rge. Pipes
to trucks or barges are typically lO- inches in diame­
ter. Loading systems may be a combination of
l2-inch aluminum Oumes and pipes. All loading to
trucks and barges is by gravity flow, and pipes and
flumes are constructed according to FPDEP Fish
Facility Design Review Subcommittee criteria.

Sample fish, pre-anesthetized and anesthetized
before hand ling, are allowed to recover from the
anes thetic before being loaded into transpo rt ve­
hicles.

1

Figure 1-6. New juvenile fish trans­
portation barge approach­
ing new juvenile fish cotlee­
tion facili ties at Little Goose
Dam,1990

Figure 1-7. Fish barges (two 86,000 gal,
tw o 100,000 gal , and two
150,000 gal capacity) used
in the juvenile f ish trans­
portation program.
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Tra nsport Barges

Six barges are available for juvenile fish. All are
pa inted-stee l construction with compartments
varying from four fee t deep around th e pe rimeter to
six feet deep at the relea se hole . Tho barges are
Anny surplus barges acquired in 1978. Three tanks
were constructed in-line bow to stem. The tanks
are separated by part itions, and each lank slopes
toward a central rele ase hole. Th is hole serves a
du al funct ion as pum ped water flows through scree ns
and is discharged 10 the river during loading and
transport. For release, the screen mechanism and a
stopper are lifted vertical ly 10 allow water and fish 10
exit from each tank through a t7- inch hole. These
barges are equipped with three pump s capable of
providing 4,600 gallons per minut e (gals./min.) of
inflow. Water is pum ped upward against a baffle
and allowed to fall back into the holding tan ks to
ae ra te or degassify the water. Eac h barge ca n hold
85.000 gallons of water . but loading ca pacity is rat ed
o n 5 pounds (Ibs.) of fishlgal./min . inflow, so these
ba rges are capable of t ransporting up to 23.(xx) Ibs.
o f fish under CBFWA FPAC'Corps criteria.

Th e two medium-sized barges were constructed in
1981 and 1982. They have four co mpa rtme nts, two
forward and two aft on either side of the centerline.
Th ese barges are capable o f holding a total of
100,000 gals of water. Like the small ba rges, they
have three pumps. but these are capable of prov id­
ing 10,000 gals./min . inflow. At 5 Ibs/gals./min.• they
can haul up to 50.000 Ihs. of fish. Each tank slopes
toward a stoppe r near the cente r line through which
fish are released. The scree ned water overflow
system is separate from the fish release system.
Water is pumpe d through packed columns to provide
ae ration and degasslfication .

Th e two large ba rges were co nstructed in 1989.
Th ey are similar to the mediu m- sized ba rges in
des ign, but have two additional compa rtme nts.
Therefore, they ho ld 150,000 gallons of water, and
the pum ps are sized to prov ide 12,500 gals./min. of
inflow. They ca n hold up to 75.0001bs. of fish at
5 Ibs/gaIJmin. inflow. T he medium - and large ­
sized barges are also equipped so that inflow can be
shut off and wate r with in the ba rge can be recircu-
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lated in the event of a chemical spill or poor water
qua lity along th e transport route.

Each barge has at least one backup pump system.
When fully loaded, three pumps o ut of four on the
large barges, or two pumps out of three on the
medium and small barges, are req uired. If a pump
fails. the backup pump is started. When a ba rge is
less than fully loaded, only one o r two pumps are
needed to maintain oxyge n levels. Then. additional
back up pumps are avai lable. Each ba rge is equipped
with a warning system to alert the ba rge rider or
towboa t crew if a pum p fails. Each barge is
equipped with an oxygen sensing system that moni­
tors gas levels within the barge continuo usly when
the barge is filled with water. When fish are loaded
on board. the barge rider typically mon itors fish
condition. temperature. and oxygen levels for the
first hour or two after leaving the collector dam . As
the trip progresses, mon itoring occurs every other
hour. then every four hours until release. If there is
spill at dam s in the transport route. each barge is
equipped with gas stripping equipment. This equip­
ment was tested in 1993 on the medium and large
ba rges, and with gas supersatura tion in the river at
130 to 135 percen t, levels within the barges were 100
to 102 percent (HUTSon, et al .• 1994). The medium ­
and large-size ba rges are also equipped with recir­
culation equipment so that if a chemical spill, or
ot her pollu tion is encounte red in the river , intakes
can be closed, and water reci rculated and aerated in
the barge un til the ba rge is past the problem.

Tra nsport Tru cks

Ea rly and late in the season when fish numbers are
less than 2O,(XX) per day at Lower Granite Dam.
3.500 gallon ftsh trucks are used to tran sport fish
(Figure 1-8).

Up to seven 3,500 gallo n fish trucks will be used, two
at Lower Granit e Dam. one at Little Goose Dam , one
at Lower Monumen tal Dam. two at McNary Dam, and
one spare. Th e trail ers have pai nted steel or stainless
stee l tanks divided into three compartments. T he
floors of the tanks slope toward the central un loading
trough. which slopes 10 the rear of the truck where
the exit is equipped with an air-operated knife
valve for unloading. Hand-operated knife gat es are

•
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available to separate th e compartments. The tanks
are equipped with air sto nes, agita tors , and a recir­
culatin g pump. Uquid oxygen and compressed air
cylinders are carried for maintaining oxygen levels.
A refrigeration unit is included in the recirculat ion
system for maintainin g wate r te mpe rature . The
tanks are surrounded by insulat ion. and the tru cks
ar e covered with metal skin plate. Three 150 gallon
mini - tankers (picku p mounted units) will be used
for tran sport opera tions from Lower Gran ite, little
Goose, and Lower Monumental dams in late sum­
mer and fall when fish numbers are very low (Figure
1-9). These are fiberglass tan ks, insulated ,
equippe d with agita tors, an oxygen supply, refrigera­
tion unit s, and can be divided into two compart­
men ts.

Truck drivers are trained on the opera tion of envi­
ronmental contro l equipment on the fish trucks. and
on the symptoms of fish exhibiting stress in trans­
portation. During a typical tru ck. trip, the driven
stop several times to inspect fish and to remove dead
fish that may have been loaded with live fish when
raceways were emptied into th e tru ck. Trucks are
equipped with redundant systems (e.g. liquid oxygen,
aeration, and compressed air systems). If all systems
fail, truck drivers are trained to go to alternate
release sites so fish can be returned to the river .

Figure 1- 8. One of seven 3,500 gal fi sh
transport trucks used in the
juvenile f ish transportation
program

1

Figure 1-9. One of th ree 150 gal fi sh
transport trucks used in the
juveni le f ish transportation
program

Length or Time in Trans it

Truck transport (0 the release point below Bonne­
ville Dam from Lower G ranite Dam takes six to ten
hours; from little Goose Dam takes six to eight
hours; fro m Lower Monumental Dam takes from
five to seven hours, a nd from McNary Dam takes
four to five hours. Barge transport from Lower
G ranite Dam to the re lease point below Bonn eville
Dam takes about 36 hours; from Litt le Goose Dam
about 30 hours; from Lower Monumenta l Da m
about 24 hours; and from McNary Da m about 15
hours.

Holding time in transport vehicle s is limited to 48
hours. No fish a re to be held more than 96 hou rs
from time of collection to release below Bonneville
Dam.

Transport Release Areas/Methods

From th e beginning o f the transport seaso n until
mid-April, fish will be tru cked from Lowe r G ranite
and McNary dams 10 Bradford Island (north end of
Bonneville First Powerhou se), where they will be
released through an established release pipe into the
river. From about mid-April to mid-June (spring
barging season), fish will be barged from Lower
G rani te , Litt le Goose, Lower Monumental, and
McNary dams to random release sites between
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lighted buoy No. 92 (RM 144) and Warrendale.
Oregon (RM 141). After collectio n drops to about
1,750 Ibs. per day at Lower Granit e Dam. barging
will shift to McNary Dam (summer barging season),
and tru cking will resume from Lower Granit e. Little
Goose, and Lower Monumental dams. Barging will
continue from McNary Dam until about the en d of
July, then trucking will resume there also. From
mid-June until the end of the seaso n, large fish
tr ucks or 150 gallon mini-tankers will be used from
Snake River dams. Large and small trucks will be
transported to mid- river on a ba rge below Bonne­
ville Dam so fish can be released away from con­
centrations of predators alon g the sho re.

On going research includes evalu ation of releasing
Iish at locations closer to the es tuary. For example .
in 1992. 1993, and 1994, six groups of mar ked stee l­
head were released near Tongue Point, Oregon (RM
19). A separate ESA Section 10 permit application
was filed with NMFS to cover continuation of this
research in 1994. Incidental chinook or sockeye
were transported to Tongue Point with these groups.

Operat iona l Sta ffing and ()yersi~ht

The JFfP is carried out in coordina tion with the
e BFWA, representing a broad spectrum of experi­
ence and qual ifications. Senio r biologists rep resent
the agencies and Tribes on the FPAC. Within the
Corps, the prog ram is supervised by a Fishery Biolo­
gist, managed by a Fishery Biologist, and ope rated
at the projects by Fishery Biologists. Fishery Biolo­
gists are also provided for qua lity control by the
Washington Department of Fish and Wildlife (Lower
G ranite, Lower Monumental, and McNary dams ),
and Oregon Departm ent of Fish and Wildlife (Little
Goose Dam).

At each collecto r dam, a crew of trained biological
technicians (often with degrees in fishery biology)
staff the collection facilities 24-hours-per-day,
7-days-per-week during the transport season.
This requires six facility person nel at each of the
four collector dams.

Truck drivers hired by the Corps are trained to
monitor fish condition and physical conditions in the
trucks during transport to assure that no prob lems
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occur. Each barge has a Corps biological technician
(ofte n with a degree in fishe ry biology) assigned to
ensure that water quality and fish condition are
maintai ned during barge transport. Both truck
drivers and barge riders are trained in emergency
situa tions to release fish back into the river as soon
as possible if other solutions fail. Two qualified
truck drivers are available at each collector dam. Six
barge rider s are available fro m Lower Granite Dam
during the spring barging program, and two are
available from McNary Dam during the summer
barging program.

Barge riders and facility operators are temporary
personnel who usually have college degrees in fishery
biology o r closely related biological fields. Truck
drivers and maintenance personnel meet Gove rn­
men t qua lification standards as appropria te for their
positions.

Emeraency Plans

Facility ope ra tors have access to facility ope ration
plans that include eme rgency procedures. Th ey are
also instructed by project biologists o n measures to
take if emergencies occur. A detailed emergency
telephone Jist is provided to eac h facility operator ,
truck driver, or barge rider. Thi s list includes Cor ps
biologists, CBFWA FPAC members. dam managers,
state agency biologists, and research per sonnel
involved at the juveni le fish facilit ies. In the event
of an emergency, personnel are instructed to notify
appropriate persons o n that list. Key personn el o n
the list are available 24- hours- per-day, 7-days­
per- week during the transport seaso n to deal with
emergencies. Truck dr ivers are provided with the
locations of emergency release sites between collec­
tor dams and release sites. Barge riders are
instructed 10 release fish if major equipment failures
occur that they and the towboat crew cannot correct.

1.2.3 Facility Maintenance

Because the JFfP runs from mid-March through
October or December at the various collector proj­
ects, major maintenance must be conducted in the
winte r. The major maintenance item is re pairing or
replacing mesh and drive chains on submerged
traveling screens (STSs). Each project has one or

•
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two spare STSs, so replacement screens are available
if one is damaged or fails. The life of the mesh on
STSs ranges from three to eight years, so, for exam­
ple, at McNary Dam where 42 STSs are used, one
third of the screens receive new mesh each year.

Other maintenance includes repair or replacement
of equipment at the collection facilities or on the
transport equipment.

Routine maintenance performed during the season
while facilities are operating are described below.

Trash Rack Maintenance

Debris that accumulates on the trash racks can cause
injury and mortality to fish entering the turbine
intakes. To minimize the amount of trash reaching
the trash racks at Lower Granite Dam, a debris
boom is installed. The other collector dams do not
have debris booms. At Lower Granite Dam and the
other dams, debris that floats against the upstream
face of the powerhouse is dipped by a trash raking
crane from the forebay and hauled away. To moni­
tor the effect of debris that sinks and collects on the
trash rack, orifices, or other locations in the collec­
tion system, descaling of the fish is evaluated in the
laboratory each day. If descaling increases in the
sample taken in the laboratory, project biologists
and operators begin looking for causes upstream in
the collection facility. If trash on the trash racks is
the cause, project operators rake the trash to clean
the trash racks. This is done at the beginning of the
season and on an "as-needed" basis throughout the
transportation season.

Fish Screen Inspections

Thrbine Intake Screens

Traveling fish screens move like a conveyer belt to
carry debris that accumulates on the screen over to
the back side where it is flushed off by flow through
the screen. Fixed-bar screens have a mechanized
brush that sweeps debris off the screen so it can be
flushed through the turbine. When small fish that
are weaker swimmers are present, STSs are run
continuously to keep them clean. When larger fish
are present, STSs may be run 20 minutes off and 4
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minutes on to save wear and tear on screen equip­
ment (McCabe and Krcma,1983). Traveling fish
screens and debris brushes on fixed bar screens are
driven by electric motors. A warning system is
provided from the screens to the control room in the
dam, as well as to screen electrical control boxes in
the access gallery above the fish bypass. If a screen
or trash brush fails electronically, a warning signal
alerts the project operator. Fish screens are in­
spected when they are removed, maintained and
repaired over the winter, and inspected again before
they are installed. Fish screens are also inspected
with underwater video cameras once per month
while they are in use. Any tears, lost fasteners, or
other damage is usually detected during these in­
spections. According to criteria established with the
CBFWA FPAC, units with known damaged fish
screens are shut down until the screen can be re­
paired or replaced. Turbines are not to be run with
a damaged screen or without a screen unless coordi­
nated with the CBFWA FPAC.

Vertical Barrier Screens

Vertical barrier screens prevent fish that are guided
into the bulkhead slots from swimming back down
through the operating gate slots into the turbines.
The vertical barrier screens are inspected whenever
the turbine units are dewatered. They are also
inspected with underwater video cameras. Worn or
damaged vertical barrier screens are repaired. This
requires taking the generating unit out of service
and dewatering the turbine while repairs are being
made.

Gatewell Debris

Debris that goes through the trash rack and rises in
the bulkhead slot can accumulate at the surface of
the water. When this happens, the debris is dipped
out of the gatewell by project operators. Criteria in
the FPP require dipping before the gatewell is half
covered with debris. This is in compliance with
NMFS' Biological Opinion for operation of the
dams.

Oil in Gatewells

Fish screen drive mechanisms and operating gate
hydraulic cylinders contain oil. When seals fail, oil
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can accumulate in gatewells. Oil can come from
other sources above the dams, and be drawn from
the reservoir into turbine intakes when vortices
occur. When oil appears on the water surface in
gatewells, it is removed by project operators using
absorbent pads or oil skimmers in compliance with
NMFS' Biological Opinion.

Debris on Orifices

Sticks or other debris that block orifices can cause
serious injury or mortality to fish. Orifices are
inspected daily by Corps or state agency biologists,
and are cycled on and off to dislodge any debris.
When a blockage is suspected, orifices are equipped
with an air line so the orifice valve can be closed and
air can be injected behind the valve to flush debris
from the orifice.

Dewatering Screens, Pipelines, and Flumes

Debris that passes through the orifices is generally
too small to block collection channels or transport
flumes or pipes. However, even fine debris can
block dewatering screens. Such screens are typically
equipped with debris removal brushes. Debris
brushes are operated automatically or manually to
keep screens functioning properly. Screens and
flumes are typically inspected daily. Water level
sensing devices are installed at critical locations with
automatic alarm signals in the dam control room.

Wet Separators, Distribution Flumes, Raceways, and
Pipes

Facility personnel inspect the separators at least four
times per hour, and inspect distribution flumes,
raceways, and pipes at least hourly. Where raceway
covers or other structures impede visual inspection
from the separator control building, closed circuit
television is used to provide adequate inspection.
Debris and dead fish collected in the system are
removed from the separator, from raceways, sample
tanks, or in the laboratory.

Winter Maintenance

From November through mid-March at the Snake
River collector dams, and from January through
mid-March at McNary Dam, facilities will be
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dewatered, modifications will be made, and facilities
will be maintained for the upcoming transport
season. Worn or defective parts and equipment will
be replaced for the coming season. Maintenance
may be as minor as repairing or acquiring new fish
nets, to replacement of engines or pumps on barges.

Sanitation Practices

Facilities and transport equipment are drained when
not in use. Trucks are rinsed and flushed after each
trip. A chlorine solution is used as needed for
rinsing truck tanks. Barges are filled with river
water and flushed prior to loading of fish. Large
fish including squawfish, smallmouth bass, and other
potential predators are removed at the fish separa­
tor. Squawfish may be removed, but other fish are
returned to the river via flume or pipe. Avian
predators are deterred at holding facilities by bird
wires netting, roofs, or by proximity of facility opera­
tion personnel.

1.2.4 Fish Mortality

Many of the juvenile fish migrating downstream
through the reservoirs have external fungal infec­
tions, parasites, or internal or external bacterial or
viral infections. Many are injured by predators prior
to reaching the dams. These fish, if they die within
the collection or transportation facilities, are
counted as part of the collection/transportation
mortality although pre- dam injuries and disease
are noted in project reports. Because of environ­
mental factors upstream of the dams, juvenile fish
experience some descaling. In high flow years when
there are large amounts of debris in the river,
descaling before fish reach Lower Granite Dam may
exceed 10 percent. In low flow years when water
temperatures are higher than normal, fish entering
the collection facilities may have decreased mucus
layers and may be descaled from prolonged passage
through reservoirs and from being chased by preda­
tors (Ceballos, et al.; 1993).

Potential for Injury or Mortality

Within the collection system, the potential for injury
or mortality starts as fish pass through the trash
racks. When clean, the openings between the bars
are six inches, and descaling injury levels are low.
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As debris collects, injury (typically descaling) and
mortality can rise. Similar problems arise if vertical
barrier screens or orifices are blocked by debris.

Over the past five years, an average of 22,200,000
hatchery and wild spring/summer and fall Snake
River chinook have been collected at Lower Granite,
Little Goose, and McNary dams each year. Approx­
imately 450,000 dead fish (2 percent) were observed
in collection facilities and transport equipment.
Some of these fish were diseased, some were injured
by bird and fish predators prior to collection at the
dams, and some were injured or stressed in the
collection and transportation process. Over the
same period, approximately 70,000 Snake River
sockeye were collected. Approximately 1,400 dead
sockeye were observed, presumed to have died for
the same reasons as chinook.

Estimates of Mortality

From the time they enter the turbine intakes until
they are loaded on barges, mortalities are removed
by facility workers. Since 1981 at Lower Granite
Dam, total collection mortality has ranged from 0.1
to 0.7 percent. Chinook mortality has ranged from
0.3 to 1.2 percent. 0. nerka mortality was 0.6 per­
cent in 1993. At Little Goose Dam, overall mortality
has ranged from 0.4 to 2.1 percent since 1981, with
chinook mortality ranging from 0.4 to 6.2 percent
and O. nerka mortality ranging from 0.6 to 6.3
percent over the same period. Preliminary results
indicate overall mortality at less than 0.5 percent at
Lower Monumental Dam in 1993. At McNary Dam
mortalities have ranged from 0.4 to 3.9 percent.
Yearling chinook morality has ranged from 0.3 to 1.9
percent, subyearling chinook from 0.4 to 5.0 percent,
and O. nerka from 0.5 to 4.1 percent. Overall
mortality was the highest in years during 1992 at
McNary Dam, probably because of low outflow and
warm water temperatures. With the exception of
McNary Dam, seasonal mortality was less than 1
percent at the collector dams in 1992. Mortality was
down at McNary Dam in 1993, with a seasonal
mortality of 1.3 percent. In the trucks and barges,
seasonal mortality typically is less than 1 percent.
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Steelhead from the Snake and Columbia rivers,
Columbia River chinook, coho, and sockeye will be
collected and transported with Snake River chinook
and sockeye salmon. Mortality rates (Ceballos, et

al., 1993) generally are lower for steelhead, ranging
from less than 0.1 to 0.4 percent at Lower Granite
Dam since 1982. Since 1985, wild and hatchery
steelhead mortalities have been separated. Wild
steelhead mortality has been less than 0.1 percent
each year. At Little Goose Dam, steelhead mortal­
ity has ranged from 0.1 to 0.8 percent since 1981. At
McNary Dam, steelhead mortality has ranged from
0.2 to 1.5 percent with the highest levels occurring in
1992 when wild fish experienced 1.0 percent mortal­
ity and hatchery fish 1.5 percent mortality. Coho
mortality ranged from 0.0 to 0.5 percent from 1982
through 1991. In 1992, coho mortality rose to 1.1
percent. Sockeye mortality ranged from 0.5 to 4.1
percent with 1992 tying the highest previous mortal­
ity level.

Collection and transportation mortalities are esti­
mates based on immediate recoveries of dead or
moribund fish. Fish that are diseased or injured
when they come into the system are collected and
transported as 'live' fish. Fish that are stressed or
injured in the collection and transportation process
are also counted as 'live' fish unless they die and are
removed during collection and transportation.
Therefore, mortality levels reported for collection
and transportation exceed levels caused by the actual
collection and transportation process, but can under­
estimate mortalities caused by the process in the
case of fish that die after release.

Steps Taken to Avoid or Decrease Mortality

Descaling and injuries are monitored in the daily
sample at the collection facility by state agency and
SMP personnel. When descaling or mortality rise,
biologists check facilities upstream in the collection
system to find the cause. Orifices and screens are
inspected, and if necessary, cleaned or repaired. If
the problem continues, trash racks will be cleaned.
If that does not correct the problem, biologists may
dip fish from the gatewells to ascertain whether fish
are entering the system with higher than normal
descaling. Local weather conditions can contribute

1995 FINALEIS 1-21



1

to high descaling if debris, especially tumbleweeds
(Russian thistle) accumulates in the river above the
dams (Ceballos, et ai., 1992).

Each year, the function and operation of collection
and transport facilities and equipment at each
collector dam are reviewed by Corps and State
agency biologists working at the fish collection
facilities. They recommend improvements to the
Corps program manager who reviews these recom­
mendations with representatives of the FPAC.
Depending on the magnitude of changes recom­
mended, modifications are made over-winter for
the next season, or within a couple of years for
modifications requiring line-item budgeting. Also,
the Corps annually funds research to find new
methods of improving fish guiding equipment and
fish collection and transportation facilities. Im­
provements range from removing sharp curves in
pipes or flumes to major facility reconstruction such
as that completed at Little Goose Dam in 1989, at
Lower Monumental Dam in 1993, and due to be
completed at McNary Dam by the spring of 1994.
Major modifications are coordinated with regional
fishery agencies and Tribes through the FPDEP Fish
Facility Design Review Subcommittee. Future
improvements that have been recommended or are
under development include upgrading the bypass
collection system to provide size separation and to
install a bypass flume at Lower Granite Dam, clo­
sure of the fish screen slots at Lower Granite Dam,
increasing the number of fish barges to allow direct
loading at all collection facilities, and installation of
double length screens at McNary, Lower Granite,
and Little Goose dams.

Post-Transportation Mortality

Concern over the potential effects of stress and
injury in the transportation process prompted
delayed mortality investigations by NMFS (Park, et
al. 1983; Park and Athearn, 1985). These and subse­
quent long-term holding studies by NMFS (Mat­
thews, et al. 1988) indicated that there was some
level of delayed mortality due to collection and
transportation. However, as pointed out by Williams
and Matthews (1995), and as evidenced by fish
transportation annual reports, stress and mortality in
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collection and transportation have, for the most part,
been minimized.

Other investigations are continuing to evaluate the
effects of stress, disease transmission, and post-re­
lease mortality (Pascho and Elliott (1993, 1994), and
Schreck and Davis (1993, 1994)). Juvenile salmon
equipped with radio tags were tracked up to 100
miles after release from barges, with no abnormal
mortality levels found (Schreck and Davis, 1994).
These studies failed to substantiate high post-re­
lease mortalities assumed by some modelers in the
region.

NMFS' March 1995 Biological Opinion, which took
into consideration the concerns addressed above,
concluded that transportation should be maximized
in low flow years, and that the decision to transport
in normal and high flow years should be based on
real time interpretation of events by the Technical
Management Team (TMT).

Numerous studies have evaluated stress on fish
transported in trucks and barges, some indicating
that trucking is more stressful than barging (Mundy
et al. 1994; Schreck et al. 1985). Schreck et al. 1993
and 1994, indicated that stress levels declined during
transport, and that because truck transport took
considerably less time, fish were still stressed at
release whereas barged fish had longer to recover.
Studies have also shown that stressed migrants are
more susceptible to predation at time of release
(Olney et al. 1992; Congleton et al. 1985; Mundy et
al. 1994; USFWS 1993). Annual records show that
generally over 95 percent of the fish transported in
the transport program are barged downstream. To
minimize predation, barged fish are released mid­
river at night. During the summer and fall, trucked
fish are barged mid-river and released to minimize
predation.

1.2.5 Research and Monitoring

Passive Integrated Transponder (PIT) Tag Systems

In the 1980s, NMFS began seeking a better fish
tagging system for transportation and other research
studies. The coded wire tag/adipose fin clip/freeze
brand technology used for transport studies in the
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1970s (Ebel, et al., 1973 ) required marking of large
groups of test and control fish, and wire tags and
adipose fin clips were being extensively used for
hatchery contribution studies throughout the Colum­
bia basin.

NMFS (Prentice, et al., 1987) was instrumental in
the development of PIT tag technology for fish.
Working with manufacturers, tags small enough to
be injected into juvenile salmon were developed.
Each tag is essentially a miniature radio without a
power source. The PIT tag consists of a crystal, a
computer chip, and an antenna, all encased in an
inert glass case approximately 0.1 inch in diameter
and 0.3 inches long. The detector consists of a
sending unit and a series of antennas encased in a
shroud that controls radio emissions. As the PIT
tagged fish goes through the detector, the sending
unit sends a strong radio beam to the tag. This
activates the crystal causing the computer chip to
send a 10 digit alpha-numeric code back to the
detector. At least one of the three or four antennas
in the detector will pick up the weak signal from the
PIT tag. With 10 digits (10 possible numbers and 26
letters for each digit), there are some 33 billion
possible codes available at any given time.

As studies began, it became apparent that PIT tag
detectors in the juvenile fish collection/bypass sys­
tems at the dams would provide valuable informa­
tion on travel time and to some extent, on survival
to the dams. PIT tag detectors were installed first at
Lower Granite Dam in 1988, then at McNary Dam
in 1989. 'Iypically, PIT tag detectors were installed
on distribution flumes or pipes so that the destina­
tion of each PIT tagged fish could be monitored.
Destinations included distribution to holding race­
ways, into the laboratory building, into truck or
barge loading pipes or flumes, or into bypass pipes
for fish being returned to the river.

As the PIT tag technology improved, the potential
for using PIT tags to evaluate transportation, or the
effect of bacterial kidney disease (BKD) infection in
transportation, also evolved. This led to the devel­
opment of PIT tag deflector systems (Matthews,
et al., 1990). PIT tag detectors were linked to auto­
matic gates so that a portion of the population of
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the PIT tagged fish could be transported, and a
portion could be bypassed to the river. With this
technology, handling, anesthetization, and marking
of fish at the dams could be eliminated, and fish
marked long beforehand at hatcheries or in wild
rearing areas could be used for tests. To evaluate
BKD implications in transportation, high BKD
versus low BKD groups were to be tested. Pilot
studies to verify the effectiveness of such studies
(Pascho and Elliott, 1992; Matthews, 1992) gave some
indication that low BKD groups survived better to
the collector dams, and to subsequent dams down­
stream. Surprisingly, wild fish were found to survive
over winter at very low rates (1 to 20 percent for the
many groups marked). Low returns to hatcheries
made it impossible to further carry out these studies,
so only preliminary results were obtained.

Further use of the PIT tag deflector systems evolved.
With the advent of drawdown proposals in the early
1990s, the Federal agencies agreed that background
survival information was needed. Following the
physical drawdown test of Lower Granite reservoir
1992, NMFS and University of Washington collabo­
rated with BPA and the Corps in the development of
a study protocol to obtain baseline information.
This protocol called for PIT tagging fish for release
at various locations and through various migration
routes (spillway, bypass, turbine) to gather more
information on current in- river survival levels. This
information would be compared with similar in­
formation gathered during biological drawdown tests
to determine whether drawdown increased fish
travel speed and survival. At this writing, the Feder­
al agencies are still finalizing the SCS to determine
if drawdown will be tested, and to determine the
exact study protocol needed for the tests.

In addition to development for such studies, the PIT
tag detection systems have been developed at the
Federal dams for Smolt Monitoring Program activi­
ties and other survival studies. At this writing, full
PIT tag detection systems are installed at Lower
Granite, Little Goose, Lower Monumental, and
McNary dams. PIT tag detection equipment is also
installed on the Bonneville Dam Second Powerhouse
bypass system. Plans are underway to install PIT tag
detection systems on the bypass at Ice Harbor Dam
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(1996), John Day Dam (1996), and The Dalles Dam
(1998). PIT tag deflector systems are installed at
Lower Granite, Little Goose, Lower Monumental,
and McNary dams so that PIT tagged fish can be
returned to the river if desired under test protocol.

Installation of PIT tag systems has been a coopera­
tive effort with the NMFS developing and installing
the technology, the BPA funding installation of PIT
tag equipment, the Corps providing space and
accommodations for detectors and computer equip­
ment, and the Pacific States Marine Fisheries Com­
mission (PSMFC) maintaining the systems under
contract to the BPA. Under current operations,
each PIT tag detection is recorded on a computer
(one computer for each detector) within the labora­
tory at fish collector dams. At mid-night each day,
this data is telephonically downloaded to a central
data collection point at the PSMFC office in Port­
land. From there, the data is accessible to fishery
agencies, the Tribes, and other interested parties the
next day. In this way, data on migration and survival
of PIT tagged fish is available almost on a real time
basis for evaluation of migration conditions.

The PIT tag technology for tagging juvenile salmon
is fairly well developed. PIT tags if retained in the
body cavity, remain viable throughout the life of the
salmon. Therefore, if the technology were devel­
oped such that adult fish could be interrogated by
PIT tag detectors, it would be possible to gather
even more information through the rest of the
salmon's life cycle. NMFS is working at this time on
adult fish PIT tag detectors, which could be installed
in fish ladders at the dams and at fish hatcheries or
collection weirs. At the present time, information
can be obtained from adult fish caught in fisheries or
on spawning grounds by using hand - held PIT tag
detectors. With the large numbers of PIT tagged
fish being released for various purposes, developing
and installing juvenile and adult PIT tag detectors at
all Corps fish facilities is a high priority.

1.3 THE SCOPING PROCESS

In August of 1990, the SOR scoping process was
initiated to identify public concerns. Over several
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months, meetings were held in 14 locations around
the region.

Comments concerning anadromous fish came from
the USFWS, NMFS, CBFWA, CRITFC, state
fishery agencies, environmental groups, concerned
citizen groups, public and private utilities, irrigation
districts, and the general public.

The scoping process gave everyone an opportunity to
voice opinions as to their preferred operation of the
Federal hydrosystem. Normal operating require­
ments such as those for flood control, power genera­
tion, and fish migration were hypothetically elimi­
nated, giving individuals the latitude to suggest any
operation within the physical limits of the dams.

1.3.1 Issues

Issues raised during the scoping process became a
starting point for the SOR process. As the process
unfolded, the various analyses raised new issues
while removing old ones.

Those issues raised during Scoping fell into the
following categories:

• the need to examine threatened and endan­
gered species identified under the ESA;

• the need to provide equitable treatment to
anadromous fish;

• the need for operational improvements for
migration and habitat;

• opinions as to the reasons for the decline in
fish populations (dams, habitat losses, timber
practices, overharvesting, agricultural practices,
pollution, drift net fishing, water diversions,
hatchery practices, mismanagement of stocks,
estuary conditions, and river temperatures).

Also during Scoping, a debate developed over the
priority that ought to be given to anadromous fish in
hydrosystem operations. Some felt that native
stocks deserved the highest priority, while others
thought that priority should be given to identifying
and enhancing the potential for survival of fish
better adapted to current river operations.
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proportion of smelts tha t die each day. The mor tal­
ity rate is a functio n of the total dissolved gas level
(which is a function of flow and spill volume). the
number of smalls present. and the amount of time
the smalts are exposed to dissolved gas levels in
excess of 110 percent saturation.

CRiSPl.5 calculates dissolved gas levels in the
reservoirs in a similar manner to the Corps' GAS­
SPILL model.

Because of the complexity of the equations and
parameters associated with reservoir mortality, see
Ande rson et al. 1995, for a complete detailed de­
scription of mode l structure and para me ters .

3.2.1.3 Key Uncertainties

While smel t passage modeling allows the AFWG to
compare survival among the alternatives, much
uncertainty exists concerning the ability of the
mod els to accurately pred ict the actual smelt survival
throug h the hydrosyste m to below Bonneville Dam.
Following is a discussion of some of the key uncer­
tainties associated with the ability of the mode ls to
predict actua l smolt survival.

System Suni". 1 Estimates

There is considerable uncertainty surrounding
historical estimates of smolt survival through the
hydrosystem that are used to calibra te smolt passage
mod els, either as a basic relationship or as a form of
validation of model predictions. There are no
reliable. recent. and reviewed estimates of smolt
survival through any reach of the Snake or Columbia
rivers that can be used to empirica lly estimate to tal
smelt survival through the hydrosystem.

Although such estimates may soon become available
as researche rs more fuUy exploit the capabilities of
PIT tag technology, the models curre ntly rely on
limited and suspect survival estimates made during
the 19705.

These system survival estimates are available for
yea rling (spring and summer) chinook and steetheed

Anadromous FISh A ppendix

smolts through the lower Snake River and a portion
of the Colwnbia River. However. there is evidence
tha t the estimates were not made with sound scien­
tific methodology, a methodology subsequently
abandoned in 1982 (Giorgi 1993; Steward 1994).
Even though estimates of po tential error are lacking,
these hydrosystem survival estimates from the 1970s
form the basis for qua ntifying the relationship
between smolt survival and river flow that is broadly
applied in the Snake and Columbia rivers.

Currently, all smolt passage models. including those
employed in SORt rely on empirical estimates of
reach survival to either derive estimates of reservoir
mortality that are used to construct flow and mortal­
ity relation ships o r as a means to validate mechanis­
tic models.

Apart from the general failure to characte rize the
uncertainty inherent in the data and analyses, there
is another limitati on to the application of historical
survival estimates today: the data were acquired to
to 25 years ago in a differe nt and changing hydrosys­
tern. During the 19705 and since then, dams have
bee n built , and physical structures and dam opera ­
tions have been greatly modified. Bypass systems,
turbine screens, transporta tion facilities, and nip lips
to control dissolved gas have been installed and
redesigned . Spill and water management programs
have evolved and been implemented.

The ecology of the reservoirs, which may be respon­
sible for most of the hydrosystem mort ality of
smalls, has probably changed too. The number of
hatchery smolts leaving the Columbia River basin
hac; greatly increased, which may have led to in­
creased competition with, and disease transmission
to, wild smolts. The popu latio n structure of preda­
tory Itsb has also changed over the years.

Finally, no statistically sound reach survival esti­
mates are available for either sockeye or subyea rling
(fall) chinook smel ts through any segment of the
Snake or Columbia rivers. The refo re, the relevance
of historical estimates of smolt survival in today's
mainstem ecosystem is questionable.
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Dam Passage Survival

A proportion of the smelt mort ality in a single dam
and pool reach is incurred dur ing da m passage .
However, few empirical estima tes of mortality
induced by da m passage exist. Estimates from a
small number of Columbia River dams have been
ado pted and applied uniformly at all da ms, even
though it is almost certainly true tha t mortality
incurred th rough turbines, spillways and bypasses
varies with species , water conditions, fish condi tion,
dam, and a host of o ther factors.

The A FWG analysis focuses o n evaluating the
relative benefits of various operat ional flow alterna­
tives, includ ing flow augme nta tion and drawdown
scenarios. that affect the magnitude of reservoir
morta lity. Thu s, properly appo rt ioning smolt
mortality among reservoirs and dams is a fundam en­
tal and important process.

For example, research has shown that smelts using a
bypass syste m incur an average of abou t 2 pe rcent
mortality, while those that pass thro ugh the turbines
sustain morta lity of abo ut 10 pe rcent (values
ado pted for mode ling in SOR). However, other
research has shown that subyearling chinook survival
throu gh the turbines was fou nd to be higher than
survival through other rout es at the Bonneville Dam
Second Powerhouse (Ledgerwood et al. 1990). This
investigation was the most comprehensive conducted
at any mainstem Columbia or Snake river dam and
includes measures of both direct and indirect effects
of da m passage . The study unde rscore s the need to
evaluate the relat ive survival of smel ts passed
throu gh various route s at other dams.

Gas Supersaturation Effects

The CRiSPI.5 gas mort ality func tion is calibrated to
laboratory studies (Dawley et al. 1976), as no field
experiments rela t ing gas supersa turation to smoll
mortality at the Columbia a nd Snake river dams
have bee n perform ed. There is evidence tha t levels
of dissolved gas that are let hal to smolls in a labora­
tory are safely tolerated by migratory smelts (Weit­
kamp and Katz, 1980).

In CRiSP1.5 there is a small mort ality rate at low gas
saturat io ns which increases slowly until a critical
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level of saturatio n (120 percent) is reached, above
which poin t the mortality rate increases sharply in a
linear fashion.

C RiSP I.5 also accounts for fish distrib ution in the
pool. If gas concentration is roughly equal through
the water column, fish higher in the water column
will expe rience gas bubble formation due to lower
atmospheric pressure and th us a highe r mortality,
while those fish lower in the column will experience
lower mortality . Version 1.5 of the model includes a
fish dep th distrib utio n, which. together with the
threshold mortality rate function , determines the
total mort ality rate o n the stock.

Gas supersaturation may also relate to the issue of
fish guida nce. Fish guidance systems are designed to
intercept sme lts t raveling in the upper por tion of the
wate r column; if smolts have sounded to avoid
supersa turated condition s in the reservoir, it may
have an effect on the ability of the guidance syste m
to intercept fish.

No research presen tly exhsts o n gas supersa turation
as it relates to fish guidance .

For additio nal information abo ut the effects of
dissolved gas on sma lls, please see Technical Exhibit
C, SO R Draft EIS.

Wild Smolt Behavior

Field observations of the migration behavior of wild
sma lls are limited . Most of the observations of
migratory sma ll behavior, especia lly migration
speed, have been made on either the general pop u·
lation of o utm igrating smolls, which is overwhelm­
ingly composed of hatc hery smohs. or on hatch ery
sma lls specifically. However, ESA conside ra tions
are direct ing mitigation activities at wild popula­
lions. Migration speed and timing, behavioral
characteristics, and, therefore, overa ll hydrosystem
survival of wild sma lls almost ce rtainly differ from
those of hatch ery smel ts. For example, recent
measurements of migration timing of wild Snake
River spring and summer chinook smolus show a
difference in timing of outmigrauo n. t ravel time, and
size of wild and hatchery small popula tions in most
years ; yet these populat ions are mod eled with essen­
tially the same parameters in the smolt passage
models.
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3.2.2 Juvenile Transportation Survival
Modeling

3.2.2.1 Transportation Modeling Description

It is possible that the transportation of smolts down­
stream from collector facilit ies in trucks and barges
ca uses mortality from such thin gs as high levels of
stress o n the juveniles from collection and trans­
portation, and from diseases transm itted horizontally
thro ugh th e transporta tion co nveyances. Delayed
mortality from the process may also affec t the
long- term vitality of the populations . Th ese biolog­
ical uncertainties raise th e quest ion of whether o r
not to continue transporting fish, and/or und er whal
in-river conditions.

In orde r to shed light on this issue, a model- based
transportation sensitivity analysis is present ed in
Cha pter 5. It examines several transportat ion
survival theories and compares estima tes of survival
with transport based on these th eories with esti­
ma tes of in-river migrat io n survival.

Survival with transport is compared with in- river
survival across 12 altern atives. Of the 13 alte rna ­
tives ana lyzed for the SOR Final EIS, only alte rna ­
tive 9a assumes no transportat ion component what ­
soeve r.

In o rder to compare estima tes of survival with
transport to in-river migration survival under
alternative bydrosystem operations, two methods
for estimating juvenile transportatkm survival have
been developed.

The first method is based soley on observed ba rge
survival and assu mes that transpo rtat ion survival is
constant at 98 percent to a re lease poin t be low
Bonneville Dam. This is based o n tests with Snake
River spring, summe r, and fall chinook, and Dwor­
shak Hatchery steelhead o nly. In the SOR Final
EIS, howeve r, the fixed barge survival hypoth esis has
been applied to all stocks bei ng ana lyzed with the
exception of Rock Creek steel head and Deschutes
spri ng chinook, since th ey are no t transported.

The second method for estima ting transportation
survival is based on what is called the Transpo rt,lln-
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river Ratio (TIR). In the $OR Draft EIS, the terms
used were TBR (Transport/Benefit Ratio) and TCR
(fransport/Control Ratio). These te rms were re­
placed with the term TI R because public com me nts
were received objec ting that the use of the terms
TBR or TCR imp lied a reg ional endorsement of the
Corps ' Juvenile Fish Transportation Program as an
effective means of improving juve nile survival
thro ugh the hydrosystem.

Th e TIR is a ra tio of the num ber of return ing ad ults
(to a given locati on) from a tra nspo rted gro up of
marked juveniles to the number of ret urning adults
(to th e same loca tion) from a "co ntrol" group of
marked juveni les released to migrate in river:

TIR = returning % of "transported" adu lts
returning % of "co ntro l" adults

Assuming that adult returns reflect juveni le survival,
it follows that:

relurnil1l ~ MU~led· adu!1$- juvertile~rtationiWYival
rduf11lng % WI;Ol\~ saam Juw;rnerontiOl sumval

there roee:

juvenile transport al ion survival - TIR xjuvenile "control" sUlVival

Some fishery biologists suggest th at every year
produces a un ique set of both in-river and trans­
po rta tion survivals. Others suggest tha t TIRs arc a
measure of in-river passage survival and that trans­
port survival should be fixed to the obse rved ba rge
survival of 98 percent .

In fact, the TI R studies were not designed to deter­
mine juvenile transportation survival. However, due
( 0 the lack o f othe r information, TIRs have been
used in this analys is to derive estimates of juvenile
transpo rtation survival. Over the last 15 years ,
during which (he hydrosys tem has changed cons ide r­
ably, the small sizes of the fi.sh runs and a series of
low flow years have prevented the marking of
enou gh fish for collectio n of valid TIR data in most
yea rs. The o nly complete TIR data arc from the
years 1986 and 1989. However, the CRiS P1.5 analy­
sis for the SOR Final EIS does not use the 1989
fixed transportation surviva l estimate since it is very
close to the value used for fixed barge survival, i.e.,
the 1989 transportat ion survival estimate is 100
percent and th e fixed barge survival estimate is 98
percent.
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The following transportation survival hypotheses
attempt to acco unt for any differential mortality
transported juven iles may experience in the estu ary
and during ea rly oce an residence compared to
in-river migrants. They account for the difference
in ad ult ret urn rat es as a funct ion of juvenile
survival.

3.2.2.2 Transpo rtation Modeling Assumptions
and Parameters

Derived Find Transportation Sunil'al Estimates
Based on T1Rs

Modeled Stocks: Snake River Spring &: Summer
Chinook and Dworshak Hatchery Steelliead

This analysis assumes tha t transportat ion survival
estima tes do not vary with flow. or with the location
fro m which the juveniles are co llected. Once a
juvenile is loaded into the ba rge, it is assumed to
survive at a flxed rate regardless of flow and location
of co llect ion. Table 3-9 shows the 1986 TIRs used
in the SOR Final EIS analysis.

For Snake River fall chinook, the 1986 transporta­
tion survival estima tes exceed 100 percent. Since
transporta tion survival in reality canno t exceed 100
percent, eit her the TIR (which is an empirically
generated number), the in - river survival (which is a
model-gene rated number), or both are incorrect. It
is more likely th at th e in - river survival estimate
wou ld be in error. For this reason the derived
transport survival for Snake River fall chinook has
bee n set at the Fixed Barge Survival rate of 98
percent.

The SOR Draft EIS included a 1989 TIR, th e SOR
Final EIS does not. As stated ea rlier I because the
1986 and 1989 derived transport survival for Snake
River spring and summer chinook and Dworshak
stee lhead are so similar, o nly the 1986 fixed trans­
port survival is used in the SOR Final EIS .
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Derived Fixed Tra nsportation Esti mates Based on
Adjusted TI R Values

Modeled Stock: S"ake River spring chinook

TIRs have been challenged as to thei r accuracy in
rep resent ing the population at large . Several ex­
planations have bee n offe red by the CBFWA Ad
Hoc committee (Olney et at. 1992). These explana­
tions include:

• TIR studies are not designed 10 investigate
adult returns to the hatcheries and spawning
grounds but only to investigate adult retu rns
to the dams where they were originally
tagged. There is no accounting for presumed
additional mortality of adults that had been
subjected to tra nsportation as juven iles, as
they migrate beyond th e dams o n their way
to hatch eries and spawning grounds;

• TIR stud ies do not isolate the effects of
transportation on wild and hatchery fish;

• llR "control" groups are not representative of
o ther in -river migrant s beca use the "co ntrols"
were tru cked 10 below Little Goose Dam
be fore be ing re leased to migra te in - river.

Because of these concerns, the AFWG adjusted the
198611R value downward to 0.7:1 for spring chinook
to account for any biases prod uced by the TIR study
methods (Table 3-10). (For a discussion of the
assumptio ns relating to JFTP survival, see $OR Draft
EIS, Ap pendix C2. Technical Exhibit I, Assumptions
Underlying the Evalua tion of the Juvenile Fish
Transportation Program.)

Derived Varia ble Tra nsportation Survival Estimates
Based on 1977 and 1986 T1Rs

Modeled stock: StlO~ River spring chinook

The variable transport theory assumes that in a low
flow year transportation survival is lower because
juveniles arriving at the dam s for collection and
transportation are in poo rer condit io n than juveniles
arriving in higher flow years. Juven iles ar rive in
weakened and/or injured condition and are less
likely to survive in the short - or long- term . Th e
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NPPC incorporated this theory in th eir Mod el 2
analysis for their Rebuilding Schedul es and Biologi­
cal Objectives (McConnaha et al., 1992).

For the ir Model 2 analysis, the NPPC arb itrarily
assumed a TI R of 3:1 in 1977. a reco rd IO'N water
year, for spring chinook migrating from Little Goose
Dam. Transport survival is th en assumed to vary
linearly with flow unti l it reaches the 1986 estimate,
after which it remains co nstant.

It is important to note that the 1977 TIR is an
arbit rary value with no empirical bas is. In 1977, both
the hydrosystem and fish passage facilities were
operated conside rably d iffere ntly than they are
today. Trash racks in front of the dams were not
clea red of debri s prior to smel t migration makin g it
difficult for sma lts to pass the dams. Thrbines were
ope rated outside of peak efficiencies, predator
conce ntra tions may have bee n higher, handled
smolts were not anesthe tized as is done now to
reduce stress.

Furthermore, in th e analysis fOT the SO R Final EIS.
CRiSPI5 could not reconcile the TI R assumed for
19n with the in -eriver survival predicted by
CRiSPI5 to yield an abso lute transport survival less
than the estimated survival for 1986, which the
hypothesis req uires. As a co nseq uence. it was
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impossib le to evaluate overall system survival using
the Variable Flow Transport Hypothesis.

While it is impossible to predict absolute survival
with transport for this hypothesis. it is poss ible to
graphically compare in-river surviva l across the
alternatives with transport survival. A com parison of
the lines representing in-river survival for all mod ­
eled stocks acros s all alte rna tives with th e curve
re presenti ng variab le transport survival shows higher
survivals for transpo rted smel ts for all but the lowest
water years.

See SOR Draft EIS. Appendix C2. Chapte r 4, for
graphs showing in-river survival co mpared with
transport survival using the Variab le Transport
Survival Hypoth esis.

3.2.3 Spreads heet Calculat ion or Overall Juventle
Pa ssage Sun-ivai Estimates

A spreadshee t calculation is used to estimate overall
downstream juvenile survival to be low Bonnevi lle
Dam, with transportation., for each of the alternative
hydrosystem operating strategies. The calculation is
based on the 49-year water record used by
CRiSPI .5. The analysis uses the in -river survival
estimates generated from CRiSP1.5 along with the
number of juveniles collected at eac h dam for trans­
po rtation.

Table 3-9. CRiSP1.5 Fixed (1986) Transport Survival

1986 1986 TJR Dertved
Stock "Cont rol" • 1~~PCK't

Sun- ivai ;j~~."l Ai.

Snake River 48 % 1.6:1 ;;;;; ++ ;76 %' "fi! CM"
Spring &

";M

Summer Chinook &
Methow Spri ng Ch inook

Dworshak 45 % 2:1 90 %
HalChft')'
Steethea d & Wena tchee
Stee lhea d
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Table 3-1 0. CRiSP1.5 1986 Adjusted Transport Survival

3

Stock

Snake Rinr
Spri ng &
Summer Chinook &
Melhow Spring Chinook

1986
"Control"
Sun-h·al

51 %

1986
Adjusted

llR

0.7:1

Derived
Transport
Sunival

36 %

It is then possible to use the spreads heet to apply
anyone of the transport ation survival theories
described above to the num ber of transport ed
juveniles to determine the number of juveniles that
survive transportation. By taking a weighted average
of the number of juveniles surviving in-river migra­
tion plus the number of fish surviving transportat ion
and dividing that number by the tota l numbe r of fish
that began the outmigration, it is possible to det er­
mine overall juvenile survival with the JFTP in place.
The results of this analysis are presented in Chapte r
5, Tables 5-1 through 5- 10.

3.2.4 Adult Returns: Stochastic Li fe Cycle
Model (SLCM)

3.2.4.1 SLCM De scription

SLCM simulates the entire life cycle of Pacific
salmon and steelhead in the Columbia River basin
using a yearly time step. The model is designed to
mimic basic mechanisms - such as changes in
juvenile recruitment or the number of smolts - that
regulate populations of salmon and steelhead.

SLCM can be thought of as a series of compart­
ments corresponding to stages within the life cycle of
salmon and steelhead stocks. Transitions from one
'compartment' to the next determine the model 's
dynamics. At each transition. dra ws from a proba­
bility distribution determine the survival of fish from
one stage to the next. For instance, the number of
smolts survivi ng hydrosystem passage, and thus

ente ring the ocean stage, is determined from a
survival distribution produced from CRiSP15 fish
passage output. The probability distnbutions cap­
ture some of the variation in survival in each life
cycle stage that nat urally occurs due to many factors
such as fluctuating weather conditions. Figure 3-4
is a flow chart of the life cycle stages and the proba­
bility distribut ions used to transition between them.

Each popul ation is divided into hatchery and natural
stocks. The natural stock consists of fish spawned in
the wild and hatchery-produced juveniles tha t are
released as fry, regardless of the origin of their
parents . The hatchery stock consists of all fish
spawned in the hatchery and released as smelt s. In
practice. however , hatchery fish share iden tical
parameters with wild fish once they leave the hatch­
ery.

SLCM also simulates the populations on a brood ­
specific basis. Thus, individual broods of fish are
tracked throughout their life cycle. This differs from
the smolt passage model that operates on a calen­
dar- year basis. Additional information for each life
cycle stage is presented in Technical Exhibit A.

In additi on to these biological parameters. a set of
control parameters determines the number of games
within each simulation, the "lumber of years per
game, which production function the mode ler
chooses , and other logistical inform ation. The user
must also specify initial numbers of fish for each life
stage. Then. based on repeate d sampling, SLCM
generates its outcomes.
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SLCM generates a wide va riety of va riab les. Be­

cause of the stoc has tic nat ure of the model, eac h

game using the same set of parameters will produce

a diffe rent ou tcome, rendering th e results of a single

game of lit tle valu e. Running multiple games and

analyzing the outcome co llective ly is much more

mea ningful to the mod eler . By doing so, the user

produces a frequency d istribu tion for each simu la­

tion year for a varie ty o f variables, such as subbasin

escape ment or the num ber of natural spawners in
the population . In the case of SLC M. the outcome

is presented in the form of a database. allowing the

user to plot or graph the information.

For a more detailed description of SteM, please

refer to Lee and Hyman (1992) and Fishe r et a!'

(1993).

3.2.4.2 SLeM Assumptions and Parameters

There are two steps required to develop parameters

for the SLCM analysis. First, values for most of the

model parameters must be estimated from the

literature, opinions of expe rts, othe r models, and

other sources of da ta. Second, the remaining pa­

rameters in the mode l are calibrated to estimates of

numbers of returning adults over some historical

time period.

The o nly SLCM param eter that changes with system
operations in this ana lysis is smol t passage survival.

Al l othe r life cycle param eters such as rearing surviv­

al in the tributa ries and harvest rates rem ain

constant, since th e objective of the SOR analysis is

to examine the effects of hydrosystem operations
only, in isolation from other actions which affect
anadromous salmonid populations. A list of the

parameter values and the calibration information for
each stock is presented in Technical Exhibit A.
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3.3 QUALITATIVE METHODS

3 .3 .1 Altematives to Transportation, and
Altemative Methods and Modes of
Transportation

Transportation alternatives analyzed in the qualita­
tive analysis section relate to va rious st rategic,
tactical, and tec hnological aspects of transportatio n.
They were evalua ted by reviewing reconn aissance ­
level stud ies and othe r research .

Strategic alternatives to tra nspo rtat ion include such
alternatives as bypassi ng all fish in -civer or remov­
ing the dams. Tactical and technojogkat alternative
methods of transportation include, respectively, such
things as transporting varying percentages of the
total juve nile migratio n, and the use of such trans­
portation conveyances as net pens o r airplanes.

3 .3 .2 l~ver Survival - Non-salmonlds

3 .3 .2 .1 Shad and Lamprey

Mod els for shad and lam prey have not been deve l­
oped for this region . Therefore, AFWG members
evaluated the effects of system opera tion alternatives
on the basis of expert opi nion on the relationship
between life cycle activities and river flow, spill, and
reservoir elevation.

3 .3.2.2 Sturgeon

Models for sturgeon have not been developed. For
sturgeon be low Bonneville Dam - the only sturgeo n
population s that rem ain anadro mous - AFWG
members evaluated the effects of system operation
alte rna tives on the bas is of expert opinion on the
rela tionship between life cycle activities and river
flow, spill, and reservoir elevation .

The Resident Fish Work Group is evaluating stur­
geon populat ions above Bonneville Dam.
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Figure 3-4. Flow Chart for SLCM. At each life cycle stage, the survival to the next
stage is drawn from the stated probability distribution (e.g., a normal dis­
tribution is used to simulate the transition from spawners to the egg
staqe],

3,4 LITERATURE REVIEW AND EVALUATION

In the prepara tion of this docume nt, the authors
have reviewed extensive quant it ies of literature on
the historic aspects of the JFTP. and on resea rch
into the various aspects of the program or related
activities thai affect the program or could provide
information to support or counter continuance of

the program. Where cited in this report, literature is

annotated and listed in the literature cited section of
the repor t. As evidence of the quantity of research
that has been conducted in relation to the fish

passage prob lems at the dams. research has been
listed in the SOR Draft EIS, Appendix 0 , 'Iechnica l
Exhibit C.
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