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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

EXECUTIVE SUMMARY

1. PURPOSE AND BACKGROUND.

The purpose of this report is to examine options that might reduce
juvenile salmonid losses that result from migration through the existing
hydropower dams and reservoirs on the Snake and Columbia River system.
Conveying fish by using a new collection system upstream of Lower
Granite Dam, in conjunction with either canals, pipelines, or transport
vessels, are some alternatives being considered for the Columbia River
Salmon Mitigation Analysis.

It may be possible to significantly improve upon present fish
collection and conveyance systems if design constraints related to
hydropower are no longer applicable. Most of the present systems were
designed as major retrofits to existing hydropower generation
facilities, with the primary motive to limit adverse effects upon future
operations. This report presents preliminary design and cost estimates
for various alternative means of collecting juvenile salrnonids from
upstream of Lower Granite Dam and transporting them by canal, pipeline,
or vessel to below Bonneville Dam.

2. PROJECT ALTERNATIVES--GENERAL DISCUSSIONS.

Concepts for upstream collection and conveyance were considered
that incorporated various methods for the collection of juvenile
salmonids, as well as various methods of conveyance. Each alternative
was designed to carry a total of 50 to 60 million juvenile salmonids
during the downstream migration period (April through November), with an
expected peak of 2 million fish per day. Juvenile salmonids would be
introduced into the system from new collection facilities located
upstream of Lower Granite Dam, as well as from the existing juvenile
bypass system at each of the downstream dams.
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Four basic alternatives were analyzed for costs and schedules. For

each of these alternatives, a single upstream collection system using (‘)
one design option was assumed (see following paragraphs). For each

alternative, three different collection design flows [100,000; 160,000;

and 225,000 cubic feet per second (cfs)] were evaluated. Alternatives

related to other site locations, dual collection systems located

upstream of Lewiston on the Snake and Clearwater Rivers, and other types

of upstream collection designs will be evaluated further if this concept

is carried into future studies. It should be noted that a dual

collection system design for collectors located upstream of Lewiston

would probably require the const1uction of dams to create proper

hydraulic conditions for the fish diversion barriers. This might

require additional biological, as well as cost-related, impacts not

associated with a single collection system located downstream of

Lewi ston.

There are major questions and uncertainties associated with the

different upstream collection and conveyance system concepts.

Biological research and preliminary engineering studies will need to be

completed prior tot he construction of any of these systems in order to

resolve these uncertainties.

Basic concepts selected to develop alternative comparisons assumed

that all project alternatives would use a single collection system on

the Snake River in the vicinity of Silcott Island, located about 7 miles

downstream of Lewiston. As previously mentioned, detailed site studies

to evaluate this and other sites will be completed in later studies if

this concept is carried forward.

An upstream collection system using a low velocity design, assuming

a bridge structure/fixed-barrier collection component, was selected for

developing costs and schedules. It was also determined that cost and

schedule data related to floating platform/moving barrier concepts would

be comparable to a bridge structure/fixed-barrier collection system.

3. PROJECT ALTERNATIVE DESCRIPTIONS.

All alternatives were assumed to consist of a single upstream fish

collection system located in the vicinity of the Silcott Island site

area. Each option would have fish sorting facilities, and would allow

for additional intermediate fish collection at downstream dams.

Alternative 1 (Migratory Canal Option) provides for fish

collection, sorting, and lifting to a migratory canal grade, and

conveyance through each reservoir reach by a series of open channels,

flumes, tunnels, and resting ponds.

ES -2



Alternative 2 (Pressure Pipeline Option) provides for fish
collection, sorting, and lifting to a buried pressure pipeline and

related system along the reservoir shoreline.

Alternative 3 (Transport System Option) provides for fish
collection, sorting, and transfer into existing barges, where collected

fish would be transported downstream to below Bonneville Dam.

Alternative 4 (Floating Pipeline Option) provides for fish

collection, sorting, and transfer into a floating open channel or

enclosed low-pressure conduit to be conveyed downstream to below

Bonneville Dam.

4. COST AND SCHEDULE INFORMATION.

Table ES-i summarizes cost and schedule information for the
previously described alternatives. Construction and project costs are

reconnaissance-level, fully-funded costs. Operation and maintenance
(O&M) costs are annual costs. Design and construction schedules shown,

starting from the date of authority and appropriation, assume funds and

resources are available when required. Costs and schedules indicating a

range in values reflect differences in collection facility design flows

(ranging between 100,000 and 225,000 cfs).

:.:rr. Fully—
Alternative Project Funded O&M Schedule

Costs Costs Costs
1 $4.3 $5.4 $9.5 11 1/2

(Migratory billion billion million years
Canal)

2 $4.0 $5.1 $9.5 11 1/2
(Pressure billion billion million years
Pipel_me)

$57 $327
3 million million $5.1 5 1/2 to 8

(Transport) to to million years
$362 $469

million million
4 $789 $924

(Floating million million $31.8 11 1/2
Pipeline) to to million years

$856 $1.0
million billion
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5. ANADROMOUS FISH.

Designs currently engineered for upstream collection with
conveyance systems are new and untested. One design advantage afforded
to a new upstream collector is its independence of the powerhouse
operational and structural constraints that have influenced the design
of current collection and bypass systems at the lower Snake River dams.
This will allow for a more biologically-functional design.

The success of any upstream collection concept coupled with barge
transport would be highly dependent on the biological success of the
fish transportation program currently operated for all Snake River
salmonid stocks. If the primary objective of an action is to deliver
the maximum number of live smolts to some point below Bonneville Dam, or
into the estuary from the top of the Lower Granite reservoir, the
improved collection and barge transport of smolts around the Snake and
Columbia River dams would be one of the most reasonable alternatives
(from a biological perspective) for increasing smolt-to-adult survival.

A low velocity guidance/collection facility located near the top of
the Lower Granite reservoir for the collection, tagging, and subsequent
transport of migrating smolts to the lower Columbia River has several
potential advantages. These advantages include: 1) the collection of
many smolts that get disoriented and delayed in the Lower Granite
reservoir before reaching the dam, due to inadequate migrational cues;
2) the removal of smolts from less than optimal reservoir conditions
where predator activity is assumed substantial; and 3) a reduced need
for extreme levels of flow augmentation that continues to a real concern
with the region’s coordinated inability to store enough water and then
efficiently shape and pass that water for any measurable benefit to
downstream migration.

An upstream collector, designed as a low velocity system, would
address the concern posed by many biologists in the region that the
turbine intakes at dams offer inhospitable environments for the
collection and bypassing of juvenile salmonids. Passage through current
spiliway configurations offers little benefits with stress-related
tradeoffs, and can not be considered more optimal for the smolt
population. A collector designed with surface orientation (as opposed
to a turbine collector system), located upstream in the Lower Granite
reservoir and designed specifically for salmonid smolt collection
without any powerhouse constraints imposed upon the design could be a
beneficial alternative, as long as the biological needs of the
respective listed salmonid stocks are fully incorporated into the
collector design and operation.
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Critical research and site monitoring would have to determine the
most appropriate location for constructing an upstream collector
facility. The entire mainstream passage corridor is designated by the
National Marine Fisheries Service (NMFS) as critical habitat for
spring/summer and fall Chinook salmon. High velocity sites positioned
outside of the Lower Granite reservoir would be too complex, and
ecologically costly to salmon and native anadromous species. Low
velocity sites would be less ecologically and biologically costly. All
potential sites possess similar ecological and population effect
tradeoffs (i.e., rearing habitat, transport survival derivation,
predator effects). This suggests that site selection would be
difficult.

It was determined, through a sensitivity analysis with the
Columbia River Salmon Passage (CRiSP 1.4) model, that an upstream
collector near the top of the Lower Granite reservoir would need to
achieve a fish guidance efficiency (FGE) equal to or above 75 percent,
while maintaining no higher than an estimated 2-percent direct bypass
mortality for spring Chinook salmon to surpass that survival provided by
the 1993 base case operation (SOR 2C). This sensitivity analysis
suggests that if the upstream collector concept is to be implemented,
adequate research through prototype modeling in in-river conditions
should be performed to determine that an FGE of 75 percent and bypass
mortalities comparable to the current estimates of 2 percent can be
achieved. It is also suggested that concurrent ecological and passage
studies be designed to address the estuary survival of transported and
in-river juvenile salmon. These types of studies would be pursued in
Phase II.

Survival estimates for the dual collector concept (e.g., separate
collectors on the Clearwater River and Snake River near Asotin,
Washington) are similar when like parameter values and assumptions are
used (FGE estimates and 2-percent bypass mortality). The conveyance
system needed for the dual collectors for transporting fish, at least
down to the current Lower Granite transport facilities, wOuld
realistically contribute a higher mortality factor associated with
stress, dependent on the means of conveyance. The dual collector
scenario would have to employ one of the designs for a high velocity
collector requiring the construction of new dams for flow/velocity
control. It is believed that new dams, even if designed especially for
salmonid passage, would not be biologically, ecologically, or regionally
acceptable as a means of providing improved passage conditions for weak
salmonid stocks, based upon past technologies and system operations.
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The proposed migratory canal and floating pipeline conveyance

options have received various critical reviews by such regional groups

as the Technical Advisory Group (TAG). The TAG expressed a considerable

amount of concerns with reliance on such untested artificial conveyance

system designs. Primary concerns that are common to all of the

currently proposed options are both biological and ecological . They

include the following:

• Bio-engineering capability to artificially replicate natural

ecological processes and biological conditions that are functionally

interacting to the degree exhibited naturally (i.e., resting

ponds/areas, temperature, and flow regulation).

• The mechanical complexity of each proposed apparatus, and

their synchronized operation, would require constant maintenance.

• In the low probability event that a means can be devised to

artificially replicate the natural passage system into a pipeline or

canal system, the need for adequate safe and efficient passage within

the river system would not diminish or be considered mutually exclusive

in any manner, especially for adults migrating upstream.

• Each option would require either some mechanical means of

lifting the fish into the channel or a pumping/fanning system to move

the fish.

• Exclusive increased concentration of salmonid smolts through

a closed system would act to separate smolts from their natural food

sources and the diversity in their food items.

• Increased concentration of salmonids smolts would be highly

vulnerable to inescapable stress-related factors (i.e., disease

outbreaks and manifestations; predator invasion, including predation by
larger steelhead smolts; increased inter- and intraspecies competition;

and mechanical failure or accidents that would act as catastrophic

events and potentially be detrimental to small population genetic
fitness and viability). V

6. PRELIMINARY CONCLUSIONS AND OBSERVATIONS.

The option of an upstream collector and barge transportation may

warrant further study in Phase II, based on potential anadromous fish

survival benefits and the NMFS Recovery Team draft findings. The

estimated benefits associated with the collector with barge
transportation appear to provide significant improvements in terms of

juvenile salmon survival. This survival estimate seems to be consistent
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with the analysis prepared by the NMFS Recovery Team. The other
biological effects (resident fish and wildlife impacts) do not appear to
be significant with this alternative.

The migratory canal and pipeline proposals should be eliminated
from further consideration, due to biological concerns and
uncertainties.

This conclusion is drawn with full recognition that a high degree
of uncertainty concerning the salmon life-cycle biology exists, and that
there is controversy surrounding the relative merits of transport when
compared to in-river migration. Knowledge of biological parameters in
the estuary portion of the juvenile migration is severely lacking, and
could be of significance in evaluating various recovery alternatives.
Efforts are continuing to identify and formulate tests and research to
reduce these levels of uncertainty. Should the results of these
efforts, or any other current efforts, yield information that would lead
to conclusions different from those drawn here, the Phase II work can be
modified to respond in an adaptive management approach.
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 1 - INTRODUCTION

1.01. BACKGROUND.

This report presents the results of preliminary (conceptual)
technical evaluations for various alternative means of collecting juveniles
salmonids from upstream of Lower Granite Dam, and transporting them by canal,
pipeline, or vessel to below Bonneville Dam. These concepts were presented in
Amendments to the Columbia River Basin Fish and Wildlife Program (Phase Two),
dated December 11, 1991, and developed by the Northwest Power Planning Council
(NPPC). Consideration of this concept is included as one of five alternatives
(each with their own separate technical report) being studied under the
Columbia River Salmon Mitigation Analysis (CRSMA), System Configuration Study
(SCS).

It may be possible to significantly improve upon the present fish
collection and conveyance systems if design constraints related to hydropower
were no longer applicable. Most of the present systems were designed as major
retrofits to existing hydropower generation facilities, with the primary
motive of limiting adverse effects upon future hydropower operation.

1.02. PURPOSE.

Collecting and conveying fish by using a new collection system
upstream of Lower Granite Dam, in conjunction with either manmade fishways
(canals or pipelines) or barge transport systems, is one set of alternatives
being considered in the CRSMA. The purpose of these concepts is to reduce
juvenile salmonid losses that result from downstream migration through the
existing hydropower dams and reservoirs on the Snake and Columbia River
system.

Fishway conveyance concepts consist of canal or pipeline systems that
roughly parallel the river alignment. The canal or pipeline will begin
upstream of Lower Granite Dam (on the Snake River), and extend downstream of
Bonneville Dam (on the Columbia River). The barge transport concept consists
of utilizing an existing and expanded barge fleet. In each scheme, juvenile
salmonids will be collected from the river upstream of Lower Granite Dam (and
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possibly at each dam), and directed to a conveyance system for further
movement downstream. The intent of this concept is to improve downstream
migration conditions between Lewiston, Idaho, and Bonneville Dam, a distance
of approximately 350 miles.

1.03. SCOPE.

This report, which is a reconnaissance-level planning study of
various upstream collection and conveyance alternatives being considered, is
intended to provide conceptual designs, analysis, costs, and schedules. The
information prepared for this reconnaissance-report is intended to be used in
the planning process for comparison purposes only. This information is not of
sufficient detail for use in obtaining project authorization and
appropriations. In addition, preliminary evaluations concerning the
environmental and economic effects of the concepts are provided.

0
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 2 - EXISTING CONDITIONS AND OPERATIONS

2.01. BACKGROUND INFORMATION.

A system of four hydroelectric dams on the Snake River, and four
hydroelectric dams on the mainstem Columbia River below the confluence of the
Snake and Columbia Rivers, has been constructed by the U.S. Army Corps of
Engineers (Corps) over the past six decades in an effort to meet the region’s
energy, navigation, and water supply needs. As a result of these dams, the
Snake and Columbia Rivers are no longer free-flowing between the city of
Lewiston, Idaho, and Bonneville Dam (on the Columbia River). These dams
generally do not store large amounts of water, as do other projects within the
Snake and Columbia River systems (e.g., Dworshak Dam on the North Fork of the
Clearwater River). Rather, they are used to provide steady or peaking
electric production to the Bonneville Power Administration (BPA) grid
throughout the northwest United States.

Commercial sea-going barges are towed as far upstream as Lewiston,
Idaho, through the lock facilities at each dam. Commercial shipments consist
largely of commodities such as timber, grain, and raw materials from the
inland northwest. This form of transportation plays a major role in the
economy of the region.

Several stocks of anadromous salmonids inhabit the Snake River Basin.
They migrate past the mainstem hydroelectric dams, both on their way
downstream to the ocean and on their return upstream to spawn. The Snake
River stocks include spring, summer, and fall Chinook salmon; sockeye salmon;
and steelhead trout. The Snake River Coho salmon are now extinct. Total
spawning runs of salmonids prior to the development of the Columbia River
Basin have been estimated at 8 to 16 million in number. Current estimates
indicate that only about 2 to 2.5 million fish return to the Columbia River,
and only about 20 percent of these are wild fish. While it appears that the
number of adult fish returning over Bonneville Dam (not including ocean and
lower river harvest) has been increasing in recent years, this does not
reflect the declining numbers of returning adults from the Snake River spring,
summer, and fall Chinook and sockeye salmon stocks, of which wild fish
represent only a small portion.
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Each of the eight Corps mainstem lower Columbia and Snake River dams
was constructed with adult fish passage facilities. Each facility was
improved upon the last as the understanding of fish needs expanded. However, -

the need for juvenile fish passage facilities was not widely recognized until
the 1960’s, and only Lower Granite Dam was built with the means to protect
juvenile fish as they pass through the project. Lower Monumental, Little
Goose, and John Day Dams had rudimentary systems, but they proved to be
inadequate. Juvenile fish are subjected to loss through the reservoir as a
result of predation and delay, and through the dams as result of passage over
the spillway or through the turbines.

Since Lower Granite Dam was completed, many measures have been
implemented to improve passage survival. An extensive research program,
started in the early 1950’s, continues today. Both state and Federal fish
agencies, along with the Corps and BPA, have developed these measures through
time. Facilities and operations have improved as the knowledge of fish
behavior has grown. Six of the eight Corps mainstem projects now have full
state-of-the-art juvenile bypass facilities. Facilities at the other two
projects will not be complete until 1996 and 1998, respectively, but methods
intended to minimize mortality are currently in use (e.g., spill and sluiceway
operations). The National Marine Fisheries Service, through many years of
research, has developed a program to collect the juvenile fish at Lower
Granite, Little Goose, Lower Monumental, and McNary Dams; and transport them
around all of the dams in barges. Transport eliminates the hazards and delays
that result from reservoir and dam passage. However, only an estimated 22 to
38 percent of the Chinook that are released above Lower Granite Dam are
transported (43 to 67 percent of the steelhead). Therefore, methods to
improve in-river passage are sought. Part of the reason such a small
percentage of the fish are transported is that many of the fish do not arrive
at the upstream end of the Lower Granite reservoir, and some are lost as they
pass through the pool. Methods to improve collection, bypass, and transport
include flow augmentation, extended length turbine intake screens, and spill.
New and more effective means of reducing the stress associated with dam
passage are continually sought.

In spite of past and ongoing efforts at the dams, runs of returning
adult Snake River salmon continue to decline. In addition to the effect of
the dams, other factors (i.e., reduction in habitat quantity and quality,
harvest pressures, competition and diseases from hatchery fish, degradation of
water quality, and the recent years of low flow) also play a role in the
continued deci me.

To better describe the systems currently being used to help migrating

juvenile anadromous fish, the systems are arranged and discussed under the
following categories: 1) juvenile fish bypass facilities; 2) juvenile fish
transportation facilities; and 3) adult passage facilities.
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2.02. JUVENILE FISH BYPASS FACILITIES.

Lower Granite, Little Goose, Lower Monumental, and McNary Dams each
have juvenile bypass systems that are designed to collect and bypass
anadromous fish around the turbines. The bypass systems allow the fish to be
released directly to the river or diverted to holding and loading facilities
for subsequent barge or truck transport. A juvenile bypass system, similar to
the existing facilities upriver, is currently being designed for Ice Harbor
Dam. State-of-the-art juvenile fish bypass, holding, and loading facilities
are currently being constructed at McNary Dam.

Under existing lower Snake River project operations, the majority of
migrant juvenile fish are, or soon will be, diverted from the turbine intakes
with traveling screen mechanisms at all of the dam installations. The fish
are directed up and away from the turbine intake into a gatewell chamber.
Orifices in the gatewell chambers permit the fish to pass through the dam into
a collection channel that transports them to a bypass flume at one abutment of
the dam. Dewatering systems reduce the total flow in the collection channel
significantly to effect a size reduction in the bypass flume. The fish are
discharged from the bypass flume into a sorting and holding facility, and are
then either released directly into the river, into barges, or into tank trucks
for further transport downstream.

The juvenile bypass systems at Little Goose and Lower Monumental Dams
are each comprised of submerged traveling screens (STS’s), vertical barrier
screens (VBS’s), fish orifices, attraction lighting, a collection channel, a
transportation channel, primary and secondary dewatering systems, and
corrugated metal flumes (CMF’s). The portions of the bypass system at Lower
Granite Dam are similar to those at Lower Monumental and Little Goose Dams,
but the Lower Granite Dam system uses a pressure pipe rather than an open
channel CMF, and dewatering occurs at the fish sorting and holding facility
rather than near the dam. Also, the release to the river at Lower Granite Dam
occurs through the fish sorting and holding facility. No direct bypass from
the main transportation pipeline straight to the river is available.

The new juvenile fish collection, bypass, holding, and loading
facilities currently being constructed at McNary Dam will be similar in
principle to the facilities at Little Goose and Lower Monumental Dams. Due to
the greater number of fish and volume of water that will be passing through
the McNary facilities, the facilities will be considerably larger than those
of the dams upstream.
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2.03. JUVENILE FISH TRANSPORTATION.

The Corps, Walla Walla District, has been transporting juvenile

salmon and steelhead around Snake and Columbia River dams since 1969. From

1969 through 1980, transport was conducted by the National Marine Fisheries

Service, as research under contract to the Corps. Fish tank trucks were the

primary transport vehicles through the mid-1970’s. Five 3,500-gallon fish

tank trailers were acquired to accomplish this task. In response to a strong

regional plea to save the fish runs from devastating losses that would have

been caused by the severe drought of 1977, the Corps contracted with a local

towboat and barging company to convert two barges for use in transporting fish

from Lower Granite Dam to below Bonneville Dam. The program was deemed a

success, and 2.2 million fish transported (1.8 million by truck and the rest

by barge).

As a result of the success in 1977, regional fishery agencies

requested that barging continue in 1978. The Corps converted two Army surplus

barges for use as fish transportation vessels. Each of these two barges was

capable of hauling approximately 26,000 pounds of fish in 86,000 gallons of

water. Two towboats were contracted to push these barges from Lower Granite

Dam downstream to the release areas below Bonneville Dam. By 1980, fish

collection and loading facilities had been constructed at Little Goose and

McNary Dams, and nearly 5 million fish were being barged annually. In 1981

and 1982, two barges of 50,000-pound capacity (100,000 gallons of water) were

added, and the number of towboats was increased to four. The number of fish

collected and transported continued to increase. In 1989, two additional

barges were constructed, each capable of hauling 75,000 pounds of fish

(150,000 gallons of water). Four towboats continued to be used. The smallest

barges, when used, were transported in tandem with medium-sized barges. In

recent years, up to 73 percent (approximately) of the fish that arrive at

Lower Granite Dam have been collected there, while approximately 70 percent of

those arriving at Little Goose Dam have been collected. Approximately 70

percent of the fish arriving at Lower Monumental Dam are expected to be

collected when the new collection facility begins operation there in 1993.

Thus, of the juvenile fish arriving at each project, a relatively high

percentage are collected.

Currently, fish are collected at four dams: Lower Granite, Little

Goose, Lower Monumental, and McNary. Tank trucks are used for transport early

and late in the migration period when fish numbers are low, and barges are

used during the peak of the fish migration when fish numbers are high. Two

trucks are used at Lower Granite Dam, one at Little Goose Dam, and two at

McNary Dam. Barges start at Lower Granite Dam, where they take on the

greatest number of fish. They take on additional fish at Little Goose and

McNary Dams before proceeding downstream to the release area between Skamania

Light and Warrendale (below Bonneville Dam). The largest, most modern barges
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are used most of the season. Small barges, when used, are used in tandem with
medium-sized barges. Barges are scheduled to arrive below Bonneville Dam
during the night, so that releases can be made during hours of darkness to
minimize the danger of predation by birds and fish. Trucking resumes when
fish numbers decline, usually by late June on the Snake River and by late July
at McNary Dam. Transportation is conducted from late March through October
at the Snake River dams, and from late March through December at McNary Dam.

The number of juvenile fish migrating down the Snake and Columbia
Rivers has increased over the past 15 years. On the Snake River, production
has increased from a low of 3.4 million salmon and steelhead in the mid-1970’s
to over 28 million in recent years. Most of the increase is due to production
by Lower Snake River Fish and Wildlife Compensation Plan hatcheries. When
these hatcheries reach full production, as many as 47 million fish may be
produced above Lower Granite Dam. On the Columbia River, natural production
in the Hanford Reach has contributed up to 40 million fish in recent years,
with hatchery production adding several million more fish. Recent efforts to
increase production in the Yakima River (irrigation screening, hatchery
construction, and improvement of natural production) and other mid-Columbia
tributaries will also increase fish numbers there. In the Snake River,
studies indicate that as many as 30 to 60 percent of the hatchery fish may die
before reaching the Lower Granite reservoir. Similar studies have shown that
up to 80 to 95 percent of wild fish tagged in upstream tributaries may not
survive to reach the Lower Granite reservoir.

The past 20 years of research on various aspects of truck and barge
transportation have indicated that no significant impact to homing or survival
can be attributed to transportation. The majority of tests have also shown
that transportation returns more adult fish than in-river passage. Research
conducted subsequent to the improvements made at the collection facilities has
consistently indicated that transporting all species of anadromous fish would
be beneficial. While there is no consensus among conservation groups and
fishery agencies of the Northwest that transportation is a permanent solution
to fish passage problems at Corps-operated dams, It has strong regional
support as an interim program. The transportation program is considered
absolutely essential during low runoff years.

Transportation has been credited with playing a major role in
doubling and quadrupling the steelhead runs into the Snake River, as well as
the fall Chinook runs into the mid-Columbia River. While less successful for
spring and summer Chinook, the blame for the decline of these runs cannot be
irrevocably determined. The increased production of hatchery fish, which do
not survive well, or the fact that virtually all of the hatchery and the
majority of wild spring and summer Chinook are plagued with bacterial kidney
disease, may both be contributing causes. What can be determined with a high
degree of certainty is that collection and transport of Snake River salmon
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allows many more (up to 98 percent of those collected) fish to arrive below

Bonneville Dam than does in-river passage (20 to 50 percent). Transport also

moves the fish downstream while they are physiologically adapted to enter —

saltwater. Historically, it took 20 to 30 days for fish to get from the

headwaters of the Salmon River to the ocean. With the reservoirs, it takes an

estimated 30 to 90 days. Many fish would pass through the physiological

smolting stage while migrating, and would not be able to enter saltwater when

they arrived at the mouth of the Columbia River. While transportation helps

them arrive there faster than the natural rate (3 to 4 days, counting holding

and trucking or barging time), research has indicated that this does not

diminish their ability to return.

2.04. ADULT FISH PASSAGE FACILITIES.

McNary, Ice Harbor, Lower Monumental, Little Goose, and Lower Granite

Dams each have an adult fish passage system that allows the passage of

upstream migrating adult salmon and steelhead. Each adult fish passage system

is comprised of fish entrances, a collection channel, attraction pumps, and a

fish ladder. The arrangement, magnitude, and operation of the adult passage

systems varies at each dam. McNary, Ice Harbor, and Lower Monumental Dams

have a fish passage system and ladder on each shore. On these dual ladder

projects, one of the passage systems is arranged as described above, while the

other is a simpler system that lacks a collection channel.

0
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 3 - GEOLOGY

3.01. GEOLOGY OF THE LOWER SNAKE RIVER.

The lower reach of the Snake River extends from Lewiston, Idaho to
its confluence with the Columbia River near Pasco, Washington. The Snake
River flows across the east-central part of the Columbia Plateau in a general
westerly direction for 139 miles. The river has entrenched itself in the
plateau surface to a maximum depth of 2,000 feet. The larger tributary
streams entering the Snake River between Lewiston and its mouth are the
Tucannon and Palouse Rivers. Both rivers enter the Snake River in the
reservoir impounded by Lower Monumental Dam. The predominant rock type is a
thick sequence of Miocene flood basalts, collectively named the Columbia River
Basalt Group. Flows include the Imnaha, Grande Ronde, Wanapum, and Saddle
Mountains basalts.

a. Lewiston, Idaho to Lower Granite Dam.

At Lower Granite Dam, the Snake River has cut a canyon
approximately 1,600 feet deep and 3,700 feet wide. The dam is constructed on
flows of the Grande Ronde Basalt. The flows dip 1 degree west and northwest,
and contain several intervening flow contact breccia layers. The canyon walls
above the dam are composed of the upper flows of the Grande Ronde Basalt.
Locally, remnants of Wanapum Basalt overlie the Grande Ronde Basalt. The
uplands are mantled with bess deposits of varied thickness.

b. Lower Granite Dam to Little Goose Dam.

Downstream of Lower Granite Dam, terrace gravels and recent
alluvium are deposited along both sides of the river. At Little Goose Dam,
the Snake River has cut an 1,100-foot-deep, 3,600-foot-wide canyon. The dam
is founded on Grande Ronde Basalt. Individual basalt flows range in thickness
from 30 to 100 feet. The regional dip of the basalt flows is very gentle
(1 to 3 degrees southwest).
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c. Little Goose Dam to Lower Monumental Dam.

are generally northwest, at about 1 degree. The lower walls of the Snake
River Canyon are composed of Grande Ronde Basalt, and the upper walls are of
Saddle Mountains and Wanapum Basalts. As much as 200 feet of intra-canyon

basalt is exposed.

d. Lower Monumental Dam to Ice Harbor Dam.

Silts and sands of the Touchet beds mantle glaciofluvial
gravels downstream of Lower Monumental Dam. At Ice Harbor Dam, the Snake
River Canyon is approximately 220 feet deep and 3,400 feet wide. The dam is
founded on Saddle Mountains Basalt. Individual basalt flows range in
thickness from 17 to 50 feet. The dip of the flows is less than 10 degrees to
the southwest. Glaciofluvial gravels and bess deposits partially mantle both

abutments, as well as the uplands surrounding the dam. In 1962, the upstream

left abutment experienced three significant landslides in huge eolian sand

deposits. The slides stabilized once they progressed to the basalt cliffs.

e. Ice Harbor Dam to McNary Dam.

of the Pasco Basin.
from the weathering
silty clay, lakebed

Sedimentary deposits overlie the Columbia River Basalts in most
These deposits range from coarse-to-fine gravels derived

of the Blue Mountains to the south and east; and fine,
sediments.

3.02. GEOLOGY OF THE LOWER COLUMBIA RIVER.

From its confluence with the Snake River, the lower Columbia River

flows in a westerly direction for 324 miles until it reaches the Pacific

Ocean. On the eastern side of the Cascade Mountains, the river passes out of

the Pasco Basin, runs through the Horse-Heaven anticline at Wallula Gap, and

on into the Umatilla Basin section of the Columbia Plateau. The river flows

west, and follows the structural low of the Dalles-Umatilla syncline for 100

miles. The river has made deep cuts in the lava flows of the Columbia River

0

Remnants of a glaciofluvial gravel bar are present along both
sides of the river, and extend from Little Goose Dam to Lyons Ferry. The
Canyon just below Little Goose Dam exposes Wanapum Basalt and remnants of
Saddle Mountains Basalt. Lower Monumental Dam is located downstream of the
mouth of Devils Canyon. At this location, the Snake River has cut a canyon
800 feet deep and 4,400 feet wide. The dam is founded on Grande Ronde Basalt,

and both embankments lie on thick deposits of glaciofluvial gravels. Soils
overlying the bedrock are fairly thick on both sides of the river. Typical
soils are sand, gravel, and silt. Dips of the basalt flows beneath the dam

0
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Basalt Group. Sediments of The Dalles Formation overlie the basalts in the
Umatilla Basin. Immediately downstream of The Dalles, the Columbia River
passes through the Ortley anticline into the 50-mile-long Columbia River
Gorge.

Volcanic activity has produced a varied assemblage of rocks;
especially lava flows, volcanic ash beds, mudflow deposits, and sedimentary
rocks consisting mostly of angular volcanic debris. Basalt flows from Cascade
volcanoes appear in the Columbia Gorge between Vancouver, Washington, and The
Dalles, Oregon. East of The Dalles, all of the bedrock is Columbia River
Basalt. The basalt in the gorge demonstrates that deformation of the region
has involved more than the up-arching of the Cascades. Between Hood River,
Oregon, and The Dalles, four very large folds in the basalt trend northeast
across the Columbia River. Extensive landslides have occurred on the
steepened undercut slopes. The northern shore of the Columbia River is nearly
50-percent landslide deposits from Camas, Washington, to Hood River; a
distance of 34 miles. Individual slides range to a maximum of 14 square
miles. The southern shore also has numerous, but significantly smaller,
landslides.

a. McNary Dam to John Day Dam to The Dalles Dam.

The Columbia River is lined on both sides by ledges of plateau
basalt. The rock exposed along the Columbia River is basalt that erupted in
floods from the Grande Ronde volcano in northeastern Oregon. The basalts are
overlain by sand and sandy-gravel sediments of the Dalles Formation, which
form the valley sides along the western end of this reach.

The Columbia River Valley at McNary Dam is 250 feet deep and
more than 1.5 miles wide. The dam is founded on the Saddle Mountains Basalt,
and the shells of both embankments are founded on in situ alluvial materials.
Extensive areas of glaciofluvial and reworked flood gravel terraces occur on
both abutments of the dam. Eolian sand and silt mantle most of the gravel
terraces.

The reservoir behind John Day Dam has had a significant amount
of landslide activity, but no new major slides have developed in recent years.
Some minor instability (i.e., rock falls and slumps) exist on the Oregon
shore.

The Dalles Dam structures have been excavated into Wanapum
Basalt. Flows range from 60 to 100 feet thick. At The Dalles Dam, both the
Columbia River Basalt and the Dalles Formation dip 2 degrees southwest. A
general reconnaissance of the reservoir behind The Dalles Dam indicates that
no major slides have occurred since 1968. On the Oregon shore, at Rufus, fan
and alluvial deposits are highly erodible and susceptible to mass wasting.
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They can host small-scale slump and debris flows. The thick sequences of
surficial materials along the reservoir banks are possible sites for mass
wasting (e.g., slumps). The steep cliffs between The Dalles and the Deschutes
River confluence are sites of rockfalls and slides.

b. The Dalles Dam to Bonneville Dam.

The Columbia River changes at Hood River, Oregon, to a narrow
gorge that extends to the west. The gorge slopes are steep, range up to 3,000
feet in height, and include numerous vertical rock cliffs with associated
talus accumulations. Several large landslides exist on the Washington side,
where the river cut through the plateau basalts into the older rocks of the
Ohanepecosh Formation. In this area, the rocks dip moderately to the south,
so they naturally tend to slide toward the river. The biggest landslide, the
Cascade slide, involves a section of the Washington bank several miles long,
extending from North Bonneville eastward to Stevenson. The 700-year-old
Cascade slide crowds the Columbia River against the Oregon side, and forms the
narrows where Bonneville Dam was built. The Cascade slide is currently
stable, but two smaller slides are visible upstream. The Wind Mountain slide,
about 6 miles east of Stevenson, is probably the most active, and shows
movement each year.

0
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 4 - PROPOSED ALTERNATIVES

4.01. GENERAL.

Various system components for upstream collection and conveyance
discussed in section 5 were combined to form complete project alternatives.
The alternatives described in the following paragraphs are not intended to be
recommendations on what are necessarily considered to be the best combinations
of the different components in section 5. However, they do demonstrate
concept information for designing and constructing the different types of
upstream collection and conveyance systems.

4.02. BACKGROUND INFORMATION.

Alternatives for upstream collection facilities and conveyance
systems are addressed in NPPC’s Amendments to the Columbia River Basin Fish
and Wildlife Program (Phase Two), section 111.3, paragraph A(9), page 30,
dated December 11, 1991. These alternatives would partially consist of a new
collection facility or facilities located near the upstream end of the Lower
Granite reservoir. In addition, a canal, pressure pipeline, transport vessel,
or floating conduit systems would be used for moving collected juvenile
salmonids to below Bonneville Dam. The capability to collect fish at the dams
downstream of Lower Granite would be maintained or added, depending on the
configuration of the alternative.

The goal of a new upstream collection and conveyance system would be
to improve upon present system capabilities. Most of the new designs for
juvenile fish collection systems have required major retrofits of the existing
hydroelectric projects. If design constraints to accommodate hydroelectric
facilities were no longer applicable, it might be possible to significantly
improve upon existing system capabilities.

The function of the conveyance components of a new system would be to
convey juvenile salmonids through, or around, the lower Snake and Columbia
Rivers’ eight dams and reservoirs. Conveyance systems would be intendedto
substitute for the in-river and reservoir migration of juvenile salmonids.
The biological impacts of in-river and reservoir migration on juvenile fish
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are believed to be partially responsible for the decline in overall numbers of
adult salmon returning to spawn in the upper Snake River watershed. Upstream

collection and conveyance concepts are intended to better facilitate the
survival of migrating juvenile salmonids through the Snake and Columbia
Rivers, without significantly impacting the existing hydropower, navigation,
and other functions of the river systems. The operation of a fish collection

and conveyance system is currently anticipated to be seasonal, with full

operation occurring during the months of March through October each year.

This operation schedule coincides with the typical historical migration
pattern of juvenile salmon.

The collection and conveyance of downstream migrant salmonids from

above Lower Granite Dam to below Bonneville Dam has been considered in this

study as a method of reducing fish mortality that results both from passage

through hydropower turbines and from delays in slow-moving reservoirs.

Migrant juveniles, under this plan, would be transferred into a selected

conveyance system from collection facilities, and released back into the

Columbia River downstream of Bonneville Dam.

Several alternatives for upstream collection and conveyance concepts

were considered that incorporated various methods of collecting juvenile fish

and moving them downstream. Each alternative was designed to carry a total of

50 to 60 million juvenile salmonids during the downstream migration period

(April through November), with an expected peak of 2 million fish per day.

Juvenile salmonids would be introduced into the system from new collection

facilities located upstream of Lower Granite Dam, as well as from the existing

juvenile bypass systems at each of the downstream dams.

4.03. PROPOSED ALTERNATIVES--GENERAL DISCUSSIONS.

Four basic alternatives were developed and analyzed. For each

alternative, three different collection design flows [100,000, 160,000, and

225,000 cubic feet per second (cfs)] were evaluated. Basic concepts selected

to develop alternative comparisons assumed all project alternatives would use

a single collection system on the Snake River in the vicinity of Silcott

Island, located about 7 miles downstream of Lewiston, Idaho. Alternatives

related to other site locations, dual collection systems located upstream of

Lewiston on the Snake and Clearwater Rivers, and other types of upstream

collection designs, will be evaluated further if this concept is carried into

future studies. It should be noted that a dual collection system design for

collectors located upstream of Lewiston would probably require the

construction of dams to create proper hydraulic conditions for the fish

diversion barriers. This might require additional biological, as well as

cost-related impacts not associated with a single collection system downstream

of Lewiston. See section 5 for additional discussion related to upstream

collection and conveyance system components.
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There are major questions and uncertainties associated with the
different upstream collection and conveyance system concepts. Biological
research and preliminary engineering studies will need to be completed prior
to the construction of any of these systems in order to resolve these
uncertainties. See section 12 for discussion related to project
uncertainties.

An upstream collection system using a low velocity design, assuming a
bridge structure/fixed-barrier collection component, was selected for
developing costs and schedules. It was also determined that cost and schedule
data related to floating platform/moving barrier concepts would be comparable
to a bridge structure/fixed-barrier collection system. See section 6 for cost
and schedule information.

4.04. PROJECT ALTERNATIVE SUMMARY DESCRIPTIONS.

All alternatives were assumed to consist of a single upstream fish
collection system located in the vicinity of the Silcott Island site. Each
option would have fish sorting facilities, and would allow for additional
intermediate fish collection at downstream dams. Alternative descriptions are
summarized below. An expanded discussion and description of these options can
be found in section 5.

Alternative 1 (Migratory Canal Option) provides for fish collection,
sorting, and lifting to a migratory canal grade; and conveyance through each
reservoir reach by a series of open channels, flumes, tunnels, and resting
ponds.

Alternative 2 (Pressure Pipeline Option) provides for fish
collection, sorting, and lifting to a buried pressure pipeline and related
system along the reservoir shoreline.

Alternative 3 (Transport System Option) provides for fish collection,
sorting, and transfer into existing barges where collected fish would be
transported downstream to below Bonneville Dam.

Alternative 4 (Floating Pipeline Option) provides for fish
collection, sorting, and transfer into a floating open channel or enclosed
low-pressure conduit to be conveyed downstream to below Bonneville Dam.
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 5 - UPSTREAM COLLECTION AND CONVEYANCE SYSTEM DISCUSSION- -

CRITERIA, SITE CONSIDERATIONS, AND ALTERNATIVE DEVELOPMENT

5.01. DESIGN CRITERIA.

a. General

The preliminary design for the various alternatives followed,
wherever possible, currently used state-of-the-art fishway design criteria
that have been coordinated with both fishery agencies and Indian tribes on
previous projects. Where criteria did not exist for certain aspects of the
alternatives, preliminary judgments to establish criteria were made in
consultation with fishery experts at the Corps, Walla Walla District, and the
University of Idaho. Preliminary criteria governing fish conveyance and
transport, water flow, pressure change, water quality, security, and physical
requirements were established and reviewed with the Technical Advisory Group
(TAG) on 27 May 1992. (A description of the TAG is found in section 11.02 of
this report.)

b. Upstream Collection System Components.

(1) General.

New or expanded criteria to be established that will have
a significant impact on the size and function of an upstream collection
facility include fish collection river design flow; maximum design river flow
required to pass the project without causing major damage to structures; and
acceptable barrier approach velocities. Other design criteria not listed in
this study may also need to be established for features not previously used in
this type of application and/or physical setting. Existing design criteria
related to current state-of-the-art juvenile fish facilities will apply to
comparable components for any new upstream collection system, unless otherwise
noted below, or noted with the descriptions of the different concept designs.
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(2) Flows and Velocity Design Assumptions.

(a) Fish Facility Collection Flows.

The final selection of fish collection river flow
criteria will be based on biological, engineering, and cost-related
considerations. In this study, the following flow conditions have been
evaluated for the collection and transport options:

• Average flow conditions for the months of May
and June. In the Snake River downstream of Lewiston, this value equals about
100,000 cfs. In the Snake and Clearwater Rivers upstream of Lewiston, these
values equal about 68,000 cfs and 34,000 cfs, respectively.

• A flow condition midway between average May and
June and 10-year event flows. In the Snake River downstream of Lewiston, this
value equals about 160,000 cfs. (Note: No midway flows for the Snake and
Clearwater Rivers upstream of Lewiston were developed, since this information
was not used in this study.)

• A flow condition (for selected options) equal to
225,000 cfs, 10-year event. A 225,000 cfs design flow was selected to
demonstrate, for one option, the impact on design if a design flow was
selected to match existing fishway operational criteria for the lower Snake
River projects.

(b) Maximum Flood Design Flows.

In the Snake River downstream of Lewiston, a
Standard Project Flood (SPF) of 420,000 cfs was assumed. (Note: No maximum
flood design flows for the Snake and Clearwater Rivers upstream of Lewiston
were selected, since this information was not used in this study.)

(3) Barrier Velocities.

(a) Low Velocity Barrier Concepts.

Velocities approaching barriers were assumed to
equal 5 feet per second (fps) or less, while velocities through the gross
barrier areas (perpendicular to the barriers) during fish collection periods
were assumed to equal 0.5 fps or less. (Note: Perpendicular velocity
criteria selected for final design could range between 0.2 fps and 1.0 fps;
depending on biological judgments related to fish swimming ability, behavior,

and impingement on the barrier device.)
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(b) High Velocity Barrier Concepts.

Velocity criteria related to high velocity concepts
were assumed, based on hydraulic conditions related to specific types of
designs. Velocities approaching barriers could range from 6 to 10 fps.
Theoretical velocity vector components parallel to barrier surfaces could be
between 8 and 10 fps, while components perpendicular to barrier surfaces could
range between 2.5 and 3 fps.

c. Conveyance System Components.

The migratory canal, buried pressure pipeline, and floating
pipeline system components required the selection of preliminary design
criteria not previously developed, since projects of this nature and magnitude
have not yet been constructed and operated. The transport system components
assumed the use of current criteria for existing fish barging operations. The
canal and pipeline criteria presented in table 5-1 are the result of input
provided by experts in the field of juvenile salmonid conveyance. The
criteria are considered to be very preliminary, and are subject to change.
The lack of sound technical basis for these criteria may require significant
resolution of the undetermined effects of some features of the system upon the
juvenile fish prior to any prototype design. However, as a reasonable basis
of preliminary design, these criteria were used to influence design decisions
of the canal, pipeline, and floating conduit alternatives.

ABLE 5-1. Canal and Pipeline Design Criteria
Objective Maximize survival and minimize predation

Minimize stress on fish

Fish Capacity 50 to 60 million fish per year

and 6 to 90 fish per pound

Transport Peak migration 2 million fish per day
Requirements Collection upstream and at each dam

200 cfs

Water 3 to 6 fps flow velocity

Flow 2 fps or less flow velocity in rest areas

Requirements 25-percent water exchange at each resting pond every 1 0± miles
Minimum flow depth 3.0 feet

Temperature within 2 degrees Fahrenheit (°F) of river temperature

Water (700 maximum)

Quality 7.35 pounds per square inch gauge (psig) minimum maximum rate

Requirements pressure change

No_supersaturation_of_dissolved_gas

SeóUrity Provide predation and vandalism protection

and Safety Provide emergency facilities to return fish to river at 1 0±-mile intervals

Physical Roughness features in canal section to create low velocity rest areas
Features Minimal use of pressure pipe
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5.02.. SITE SELECTIONS AND LAYOUTS.

a. Upstream Collection System Components.

(1) General.

Site selection is a critical factor related to how
effective an upstream collection facility will be in diverting and moving
fish. Site-specific river hydraulic conditions; including channel approach

conditions, water velocities, and water depths impact the effectiveness of any

design. Different site locations also have different biological,

environmental, engineering, and social-related questions that must be
answered.

(2) Site Locations.

Potential sites for a juvenile fish collection system

located upstream of Lower Granite Dam were evaluated to obtain representative

water depths and channel widths, so that the suitability of different types of
upstream collection systems could be determined. Additional effort will be
required to fully evaluate all potential sites, including those not addressed

in this study.

A fish collection system might involve a single system

on the Snake River between Lower Granite Dam and Lewiston, or it might consist

of dual systems upstream of Lewiston on both the Snake and Clearwater Rivers.

There has also been a suggestion to have a single system on the Snake River,

upstream of Lewiston, to collect and transport only endangered stocks.

Plate 2-1 shows potential sites located either within or
nearly within the normal backwater from Lower Granite Dam. The table on plate

2-1 gives flow data for different sites, with flow and river geometry
assumptions noted on the drawing. As would be expected, the closer the site

is to Lower Granite Dam, the deeper and wider the river typically becomes.

No recommendations will be made in this study for a
preferred site or sites. However, in order to demonstrate the concept of an
upstream collection system, a single collection system will be used. This

system is located approximately 7 miles downstream of Lewiston, near Silcott

Island (see enclosure 2-16). The following comments are made to provide

possible insights into the final site selections:

If the system is placed further upstream of Lower

Granite Dam, juvenile fish will have to pass through less reservoir prior to

being diverted, collected, and transported.
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• Collection facilities located upstream of Lewiston
will not have to accommodate barge traffic. However, small recreational-sized
craft will still have to pass around the upstream facilities.

• Collection facilities located upstream of Lewiston,
and out of the Lower Granite Dam backwater, will require a method to transfer
fish to the reservoir if large fish transport vessels are used to transport
the fish to below Bonneville Dam.

• More stable river flow conditions (i.e., stable
water levels, slower river velocities approaching barrier diversion systems,
adequate water depths, etc.) can be found downstream, rather than upstream, of
Lewiston. Relatively stable and predictable river hydraulic conditions are
necessary for the proper operation of most fish collection systems. [Note:
The need for stable flow conditions, adequate water depths, large flow areas
for barriers, etc., would probably mean that fish collection systems located
upstream of Lewiston (out of the Lower Granite Dam backwater) would require
the equivalent of a dam to create the hydraulic conditions necessary for any
fish collection system to operate properly].

• Partial screening concepts might be more effective
in deep water conditions because fish barrier/diversion screens can be placed
deeper. Deep screen/collection slots would take advantage of juvenile fish
behavior where: 1) juvenile fish tend to swim closer to the water surface;
and 2) juvenile fish typically resist sounding to deep water levels if they
are given an alternate route.

b. Conveyance S.ystem Components.

(1) Migratory Canal and Pressure Pipeline Systems.

Preliminary routing of the migratory canal and pressure
pipeline systems was based on an evaluation of river water surface elevations
(see enclosure 1-2), the geographic layout of the land, and manmade
construction or land usage considerations over potential routes. Preliminary
alignments selected to demonstrate these concepts are shown on enclosures 3-1
through 3-6.

(2) Transport System.

No site selection studies were completed for a transport
system option other than what was required to connect a new upstream
collection system to transport facilities, since a fish transport system is
already in place in the river.
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(3) Floating Pipeline System.

No site selection studies to determine the specific C)
routing of a floating pipeline within the river were made, other than to

examine how to typically route a floating pipeline system past a dam and

adjacent to a river bank.

5.03.. UPSTREAM COLLECTION SYSTEM COMPONENTS.

a. General Information Related to Downstream Fish Protection And

Collection Systems.

Substantial work has been completed and is ongoing , both in

the Pacific Northwest and throughout the nation, related to designing and

evaluating downstream migrant fish protection systems for hydroelectric

projects. This effort includes establishing biological and engineering

criteria; identifying research needs; and building, testing, and operating

fish protection devices and systems. The effectiveness of fish diversion and

collection systems is influenced by the species and size of fish, as well as

by site-specific considerations (i.e., water depths, velocities, and quality).

No single method has thus far been developed that would satisfy all

biological, engineering, and cost-effectiveness considerations for fish

protection systems.

Considerable data is available on different fish diversion and

collection methods, as well as the devices currently used or being tested.

One publication available (a new edition is forthcoming) is Assessment of

Downstream Migrant Fish Protection Technologies for Hydroelectric Application,

prepared by Stone & Webster Engineering Corporation for the Electric Power

Research Institute (EPRI) AP-4711, Project 2694-1, dated September 1986. This

report discusses, summarizes, evaluates, and compares information gained from

literature searches and surveys of different designs and concepts used and/or

tested by the hydroelectric industry.

As presented in this EPRI report, and modified to fit the

intent of this report, fish protection systems fall into four main categories:

behavior barriers, physical barriers, collection systems, and diversion

systems.

(1) Behavior Barriers.

Behavior barriers alter or take advantage of natural

behavior patterns to attract or repel fish. These barrier types include

electric screens, air bubble curtains, hanging chains, lights (incandescent,
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strobe, mercury), sound, popper, water jet curtains, hybrid barriers
(combination of different types of behavioral barriers), chemicals, and visual
keys.

(2) Physical Barriers.

Physical barriers physically block fish passage. These
barrier types include bar racks, traveling and fixed screens, rotary drum
screens, infiltration intakes, wedge-wire cylindrical screens, and barrier
nets.

(3) Collection Systems.

Collection systems actively collect fish for return to
their natural environment or to a fish transport system. These type of
systems include modified traveling water screens, fish pumps, and gatewell
collection systems.

(4) Diversion Systems.

Diversion systems divert fish to bypasses for the return
to their natural environment or to a fish transport system. These type of
systems include angled screens, angled rotary drum screens, inclined plane
screens, inclined pressure screens, STS’s, skimmers, louvers, gulpers, other
bypass systems, and controlled spills.

b. Basis of Designs and Main Assumptions.

Conceptual designs, costs, and schedules were completed
assuming a single facility located downstream of Lewiston. Versions of these
designs would also apply for facilities located upstream of Lewiston on the
Snake and Clearwater Rivers. However, acceptable river hydraulic conditions
for a fish collection system upstream of Lewiston would be more difficult to
obtain because of shallower river depths and higher water velocities. Other
key assumptions include the following:

• Concepts shown in this report use physical barrier and
diversion systems to get fish into a conveyance system, although portions of
these designs might utilize a combination of behavior and physicals barriers
to divert and collect fish.

• Designs should utilize existing technology as much as
possible, and should be realistic from a construction and operation
standpoint.
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• The system should meet all current fishery-related design
criteria, while still providing as much flexibility as possible to incorporate
future changes in technology.

• The design should accommodate normal river fluctuations
and flood flows.

• Miscellaneous project functions related to adult fish
passage, navigation, debris, and sediment need to be addressed.

• Partial fish collection versus 100-percent fish
collection is acceptable. (Note: An acceptable level will have to be
determined considering fisheries-related benefits versus environmental,
social, and economic costs.)

• Design river flows during fish collection, while still
meeting fish facility criteria (assuming a single collection system in the
Snake River downstream of Lewiston), could possibly range between 100,000 and
225,000 cfs (10-year event). (Note: See paragraph 5.01., Design Criteria,
for a further discussions on river flows.)

• The upstream collection system design used to demonstrate
this concept assumes the use of existing fish transportation barges to convey
the fish. However, a lift system, in conjunction with a canal or pipeline
conveyance system (see paragraphs 5.04., Migratory Canal Conveyance System
Components; 5.05, Pressure Pipeline Conveyance System Components; and 5.07,
Floating Pipeline Conveyance System Components) or new fish transport vessels
in place of existing barges (see paragraph 5.06, Transport Conveyance system
Components) might also be used to convey fish.

c. Description of Main Barrier Concepts.

(1) General.

The concepts for intercepting and diverting juvenile fish
have been divided into low and high velocity barrier categories.

(a) Low Velocity Barrier Concepts.

Low velocity barrier concepts relate to methods
used to intercept and divert juvenile fish wherever flow velocities
approaching and passing through a barrier structure during fish collection
periods do not impinge or damage fish. These systems are designed to allow
fish to volitionally guide along the barrier with no contact. Barriers
require large areas because of low approach and flow-through velocity
requirements.
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(b) High Velocity Barrier Concepts.

High velocity barrier concepts relate to methods
used to intercept and divert juvenile fish wherever hydraulic conditions (flow
velocities approaching and passing parallel to the barrier surface) do not
cause fish to become impinged or damaged, although some fish do come in
contact with the barrier. High velocity barriers can use substantially
smaller areas, when compared to low velocity concepts, because of higher
approach and flow-through velocity requirements.

(2) Low Velocity Barrier Concepts.

(a) General Information and Site Layout Discussion.

Three low velocity barrier systems have been
developed: floating platforms with moving barriers (concept A, enclosures 2-4
and 2-5), flow control structure with fixed barriers (concept B, plate 2-6),
and bridge structure with fixed barriers (concept C, enclosure 2-7).

Two site plans common to all three concepts were
developed, assuming a Snake River collection site downstream of Lewiston. As
discussed in paragraph 5.02, Site Selections and Layouts, no plans were
developed for sites upstream of Lewiston although the general layouts may be
comparable. It should be noted, however, that barrier systems upstream of
Lewiston (out of the backwater effect of Lower Granite Dam) would require new
dams to create adequate hydraulic conditions for proper barrier operations.
Enclosure 2-2 depicts a site plan developed, assuming a fish collection river
design flow of 100,000 cfs. Enclosure 2-3 shows a site plan developed,
assuming fish collection river design flows of either 160,000 cfs or 225,000
cfs. All concepts would be able to safely pass the 420,000 cfs SPF.

Barrier systems could be composed of screens,
louvers, behavior devices (lights, sounds, etc.), or a combination of
different devices mounted on a framework of barrier supports. Final lengths
and arrangements of barrier systems would be dictated by site location, as
well as by the river design discharge and velocity criteria selected for
diverting and collecting fish.

Each different concept would have comparable
components that would apply for all options. Major facility features,
assuming a location downstream of Lewiston at the Silcott Island site, include
the following:

. Fish Barrier System (different for various
concepts).

5-9



• Adult Fish Passage Facilities.

• Access Roads and Piers.

• Low Head Boat Passage Facilities.

• Fish Attraction Chambers.

• Fish Barge Chambers.

• Fish Sorting, Holding, and Loading Facilities.

• Maintenance Facilities.

• Upstream Debris Removal System.

• Relocated Park.

(b) Concept A--Floating Platform/Moving Barrier System.

The floating platform concept consists of a series

of connected floating platforms with barriers that hang vertically into the

river to divert fish to a collection and transport point (see enclosures 2-4

and 2-5). The platform system would be held in place by cables anchored to

the shore, river bottom, and in-water piers.

Trash racks would be located on the upstream side

of the platform. A fish barrier frame and movable barrier system would be

suspended from the platform. The depths of barriers and open flow areas could

be adjusted to provide partial or nearly full depth diversion. Barrier

devices within the framework would be movable so that the entire line of

barriers could be shifted to a single location for removal, cleaning,

inspection, and repair. There may also be a benefit, related to enhancing

fish movement past barriers and handling debris, in continuously moving

barriers. Barriers would be moved by using a trolley/crane system connected

to the barrier top, so that barrier devices could roll/float over the length

of the platforms.

Under high river discharges when fish would not be

diverted, barriers inserted within frameworks could be removed to pass flows

without impinging fish.
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(c) Concept B--Flow Control Structure/Fixed Barrier
System.

The flow control structure/fixed barrier system
would use a large-scale structure to divert fish swimming in the upper depths
of the river to a collection and transport system. The lower portion of the
structure would use a false floor and regulating gate to control flows and
maximize fish collection (see enclosure 2-6).

This plan is a version of a concept mentioned by
Harza Engineering Company in the preliminary draft report, Analysis of
Reservoir Drawdown, prepared by NPPC’s Columbia/Snake River Drawdown
Committee, dated December 4, 1992. In this report, Harza recommended:

• Screening 90,000 cfs surface flow instead of the
225,000 cfs 10-year event;

• completing partial screening while passing
excess flow beneath the main screening facility, and placing screens on a
false bottom to minimize fish sounding; and

• considering the use of an 0.8-fps screen
criteria instead of the original 0.4-fps screen criteria.

Harza described a screen diversion design that uses
a system of screen or louvers, flow control gates, and false floors. Their
description of this system is as follows:

“The screen should extend from the water
surface to a depth of 30 feet, leaving
the bottom 20 feet (approximately) of
the reservoir channel for unrestricted
passage of high flows, sediment, and
debris beneath the screen structure.
The reservoir channel below the screens
would be controlled with gates that
would be closed at flows up to 90,000
cfs, forcing all water through the
screening facility. When river flows
exceeded 90,000 cfs, the gate would be
lifted to release water from the bottom
of the channel. Head loss through the
gates and lower reservoir channel would
be approximately equal to head loss
through the screening facility (1/2 to 1
foot). Preliminary estimates show that
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at least 120,000 cfs would flow through
the lower channel when the head
differential was 1/2 foot and gates were
fully open across the river channel; the
combined screening facility and lower
channel flow would then be about equal
to the 10-year flood flow for the Snake
River.

The screening facility would be placed
on a “false-bottom” structure extending
100 feet upstream of the vertical screen
plates. The false bottom structure
would separate the flow before fish
could sense the approach of an
obstruction (screen), and would minimize
fish sounding under the screens. For
fish to avoid the screens during high
flow, they would need to do one of the
following: 1) Swim with the lower 20
feet of the 50-foot-deep reservoir pool
and maintain this position through the
lower channel; 2) Sound at the location
of the leading edge of the false bottom,
100 feet upstream of the screen; or 3)
After encountering the screens, swim 100
feet upstream, then sound beneath the
false bottom. All of these behaviors
are uncharacteristic for downstream
migrating smolts, so a very high
percentage of fish are expected to reach
the screens even when a large volume of
flow is being passed beneath the
screening structure.”

Site plans shown on enclosures 2-2 and 2-3 for the
100,000 cfs and 160,000 cfs/225,000 cfs design flows, respectively, assumed
that regulating gates would be fully open at these flows. If the regulating
gates were fully closed and the barrier areas were sized to pass design flows,
as discussed by Harza, screening areas above what was assumed in this study
would be required.
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Trash racks, a screen cleaning system, and
miscellaneous related features would be required to keep the barriers clean of
debris. Under high river discharges when fish would not be diverted, barriers
would be removed and regulating gates would be opened to pass flows without
impinging fish.

(d) Concept C--Bridge Structure/Fixed Barrier System.

The bridge structure/fixed barrier system would use
a bridge and deck design to support a fixed barrier and related features in
order to divert fish to a collection and transport system (see enclosure 2-7).
The method of construction would use a caisson system for constructing pier
supports to allow in-water construction. Partial, or nearly 100-percent, fish
screening could be done. Trash racks, a screen cleaning system, and
miscellaneous related features would be required. Under high river discharges
when fish would not be diverted, barriers would be removed to pass flows
without impinging fish.

(3) High Velocity Barrier Concepts.

(a) General Information.

Three high velocity barrier concepts have been
developed. Two designs combine a fish skimmer/submerged screen concept
comparable to the systems currently used at projects on the Lower Snake River
(concepts D and E, see enclosures 2-9 and 2-10). One design uses modular
inclined screens and control gates with slotted fishway entrances, similar in
part to a system used at Wells Dam on the Columbia River, but without the
turbines (concept F, see enclosure 2-11). All of these options would
behaviorally collect a large majority of the fish with a small percent of the
river flow.

A site plan showing a layout for a high velocity
barrier system is shown on enclosure 2-8. This layout assumes a location
downstream of Lewiston on the Snake River but, as previously discussed, a
comparable design with different sized structures to accommodate lower design
flows might be used on the Snake or Clearwater Rivers upstream of Lewiston.
Barrier systems upstream of Lewiston, however, would require new dams to
create adequate water depths to maximize fish collection and take advantage of
juvenile fish behavioral tendencies to swim closer to the water surface.

The site plan on enclosure 2-8 was sized to divert
and collect fish for flows up to 160,000 cfs, while still having the
capability to pass a 420,000 cfs SPF. Different lengths of fish collection
structures (enclosures 2-9 through 2-12) and a flow bypass structure
(enclosure 2-13) could be constructed to accommodate different assumptions for
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fish collection design flows. However, the overall size and length of the

facilities would be comparable for a fish collection facility designed for
other than 160,000 cfs, since the project would still be sized to pass a
420,000-cfs SPF flow.

The different concepts would have comparable
components that would apply for all options. Major facility features,
assuming a location downstream of Lewiston at the Silcott Island site, include

the following:

• Fish Collection Structure (different for each of

the various concepts)

• Flow Bypass Structure.

• Adult Fish Passage Facilities.

• Access Roads.

• Low Head Boat Passage Facility.

• Fish Barge Chamber.

• Fish Sorting, Holding, and Loading Facilities.

• Maintenance Facilities.

• Upstream Debris Removal System.

• Relocated Park.

(b) Concept D--Skimmer/Submerged Standard Screen

System.

The skimmer/submerged standard screen concept (see

enclosure 2-9) uses a combination fish skimmer and diversion screen design to

direct fish and water to collection and transport facilities.

Skimmer segments of the design would use a series

of weirs spread across the length of the collection facility to direct fish

and surface collection flows into a large collection channel. A large

dewatering screen, and related components, would be required at the downstream

end of this channel to remove excess flows prior to the fish reaching holding,

loading, and transporting facilities.

0
5-14



The main fish diversion screens would be similar in
design and operation to the existing turbine intake diversion screens at the
lower Snake River projects. These screens would divert fish from large flow
passageways into fish collection facilities. Angled screens, with a flow
control system to regulate the amount of water removed, would be used to
separate fish from water prior to entering collection channels. These
channels would be similar in size to collection channels used at existing
juvenile fish facilities.

(c) Concept E--Skimmer/Submerged Extended Screen
System.

The skimmer/extended STS concept (see enclosure
2-10) uses a combination fish skimmer and diversion screen design similar to
the system previously described for concept D, except it would use longer
screen lengths to direct fish and water to collection and transport
facilities. Water removal velocities would be less and screen angles would
not be as severe when compared to the standard screen concept, because of
longer screen lengths.

(d) Concept F--Vertical Slot-Flow Control/Modular
Inclined Screen System.

The vertical slot-flow control/modular inclined
screen concept (see enclosures 2-11 and 2-12) would use, in part, a
configuration similar to the upstream face of Wells Dam (on the Columbia
River), where spillway bays located above deep turbine intakes have been
modified to serve as juvenile fish bypasses. The length of the fish
collection structure would be broken into a series of fish collection bays and
regulating bays, with every third bay being used to collect fish. Using only
selected bays will maximize fish collection, while minimizing the amount of
water that must be handled. Regulating bays used to pass and control flows
without collecting fish could be modified at a later time to add fish
collection components, if additional collection bays were needed. The upper
levels of the regulating bays could also be fitted with adult fish passage
capabilities (e.g., vertical slot ladder), if desired.

Vertical slotted openings above flow regulating
passageways, that create higher velocity conditions, would attract juvenile
fish swimming in the upper water column to and through the slots. The fish,
after passing through the slots, would move into a dewatering and collection
system located above flow regulating passageways. The dewatering and
collection segments of the design could use a high velocity screen design,
such as the Modular Inclined Screens (MIS) being developed and tested by EPRI,
to separate fish and water.
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The MIS would have streamlined entrances with trash
racks, dewatering stop-log slots, screens set at shallow angles to flows, and
a fish bypass for diverting fish to holding, loading, and transporting
facilities. Screens would be set on a pivot bar so they could be tilted and
cleaned by back-flushing operations. A stationary screen with a cleaning
brush would be required, however, if fish entrapment during back-flushing
operations became a problem. Diverted fish would enter a collection channel
similar in size to the collection channels used at existing juvenile fish
facil ities.

d. Key Features of Upstream Collection Besides Main Barrier
Rel ated Components.

(1) General.

Key features required for an upstream collection system,
in addition to the main river barrier and collection-related components
previously described, were listed in paragraphs 5.03.c.(2)(a) and (3)(a).
Some of these features are described in further detail in the following
paragraphs.

(2) Irash-Shear Boom and Debris Removal System.

There would be a 4,000-foot-long trash-shear boom (see
enclosures 2-17 and 2-24) that would be somewhat comparable (but more
extensive) than the existing Lower Granite Dam trash-shear boom. In addition,
there would be a debris removal system on the shoreline to handle debris.

(3) Fish Sorting and Transfer Facilities.

(NOTE: Additional information related to sorting
facilities for the migratory canal and pressure pipeline options can be found
in paragraphs 5.04.b.(2) and 4.05.b.(2), respectively.) Fish sorting and
transfer stations consist of the portions of the main collection system that
sorts and directs fish diverted from the main in-river barriers to either lift
facilities [for the migratory canal or pressure pipe options (see paragraphs
5.04. and 5.05.)] or to fish barge or floating pipeline loading facilities
[for the transport and floating pipeline options, respectively (see paragraphs
5.06. and 5.07.)]. This part of the facility would consist of the following
components:

(a) Fish Attraction Channel.

There would be a 100-foot-long by 8-foot-wide by
20-foot-deep channel (water depths varying from 10 to 15 feet deep) that would
have velocities of about 5 fps to help attract juvenile fish into the sorting

5-16



and transfer system. Attraction water velocities would be created by
downstream dewatering-related pumps and screening systems (see the following
paragraph).

(b) Primary Dewatering.

There would be a 140-foot-long by 8-foot-wide
inclined floor screen with a screen cleaning device and a pumped water
withdrawal system that would be used to create proper attraction velocities in
the previously described fish attraction channel. The upstream end of the
screen would pivot to allow the entire screen to shift up and down (float or
mechanically adjust), and to allow for a 5-foot fluctuation in the main river
channel water surface elevation.

(c) Secondary Dewatering.

There would be a 10-foot-long by 8-foot-wide
continuation of the primary dewatering system, but it would have an
independent pumped water control system to fine-tune the flow into the fish
separators. The downstream end of the screen would be adjustable (as part of
the primary dewatering screen) so that the entire screen could move up and
down as the water level in the river changed. This adjustable screen control
section (acting, in essence, like a broad-crested weir), in combination with

() adjusting the water level within the fish sorting and transfer chamber to
control the elevation at the entrance to the separators, would control the
depth and water volume entering the separator system, and optimize fish
passage conditions.

(d) Steelhead and Chinook Separator, Holding
Facilities, and Transfer Method to a Conveyance System.

There would be a fish separator unit that would be
about 8 feet wide by 21 feet long. The separator, as it pertains to the bars,
would be comparable in part to the recently installed separator system at
Lower Monumental (and to the unit soon to be installed at McNary). Depending
on the type of transfer system from the separator to the conveyance system
(see the following paragraphs), the separator might be floatable or
mechanically adjustable in height to adjust for fluctuations in river
elevations. Concepts that might be used in conjunction with the system
include the following:
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1. Conventional Separator and Related Components,
Assuming Currently Used Fish Holding and Loading Methods.

A conventional separator and related components
means that after fish pass through the separator bars, most of the system
components (distribution flumes, raceways, etc.) would be comparable to
existing holding and loading facilities at the previously mentioned projects.
The actual loading of fish into a conveyance system would, however, require
fish to be directed to either a lowered lift facility (for the migratory canal
and pressure pipe options) or to a lowered loading facility (for the transport
and floating pipeline options). A lowered fish lift or loading facility would
be needed in order to have enough hydraulic head to gravity feed fish from the
separator and related systems to a conveyance system.

2. New Separator System, Assuming Floating Fish

Holding and Loading Methods.

A new separator system, assuming floating
structure methods, means that after fish pass through the separator bars they
would pass into a system of transfer channels and related features that would
direct them to either a lift facility (for migratory canal and pressure pipe
options) or to a loading facility (for transport and floating pipeline
options). Minimal hydraulic head would be needed to move fish from the
separator and related system, in contrast to the previously described
separator system, because of the methods used to move the fish. After the
fish passed through the separator bars, they would swim into large holding
structures below the separator bars. These holding structures (transfer
channels discussed in later paragraphs) would have pumped inflow and
withdrawal systems used to attract and distribute the fish within the channels
in order to minimize stressful conditions. The entire separator system and
interior transfer channels would be a floating structure, and would be
connected to moorage piers that would be capable of operating over a 5-foot
fluctuation.

Floating interior transfer channels would be
about 21 feet wide by 50 feet long by 12 feet deep. Interior wall widths
would be set to match the separation spans on the separator. The water depth
within the channel would be about 10 feet. The transfer channels would be
composed of a system of pumped attraction and withdrawal flows, a crowder,
screens, and bulkheads. The crowder would be used in combination with the
pumped flows and bulkhead operations to move fish to the exterior transfer
channels as well as to the conveyance system.
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Floating exterior transfer channels would be
about 21 feet wide by 80 feet long by 12 feet deep, with channels matching the
interior transfer channel widths. The transfer channels would be composed of
a system of screens, crowders, and bulkheads. These system components would
be used to move fish from exterior transfer channels to the conveyance system.

(4) Adult Fish Return System.

An adult fish return system at the downstream end of the
separator would be composed of either a fish ladder system (such as that shown
on enclosures 2-18 through 2-20) or a lift bucket and crane system.

A fish ladder system would be composed of an
approximately 130-foot-long (20 feet of which would be within the fish sorting
and transfer chamber), 10-foot-deep, and 8-foot-wide weir pool (or other type)
fish ladder. The fish entrance of the ladder would have a screened pumped
water removal system in the ladder floor. A water removal system would be
used to create flow conditions down the ladder comparable to the fish ladders
on the lower Snake River projects. The fish exit would be composed of a false
weir, with attraction flow, that would be comparable to the emergency fish
ladder exit system at Lower Granite Dam.

One alternative to a fish ladder system would be a lift
bucket arrangement that would collect fish in a hopper at the downstream end
of the separator, so that the hopper containing adult fish and water could be
dumped back into the river away from the facility.

(5) Adult Fish Passage Chamber.

Depending on the design, either one or two adult fish
passage chamber(s) located at the upstream end of the main fish barrier(s)
would be used to facilitate passage through the facility. Each chamber would
be about 300 feet long, 20 feet wide, and 25 feet deep (see enclosure 2-22).
The water depth would vary from 15 to 20 feet. Pumped flows would be supplied
into floor diffusers to provide attraction flow. The downstream end of the
chamber would have a 15-foot-wide telescoping weir that would be comparable to
the adult fishway main entrance weirs at McNary Dam. The upstream end of the
chamber would also have a telescoping weir but, in addition, it would have a
false weir and attraction water system incorporated into the top section to
allow adult fish to swim out of the chamber without allowing any downstream
moving fish to enter the chamber.
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(6) Low-Head Boat Passage Facilities.

(a) Boat Passage at the Main Fish Barrier. 0
A low-head lock system would be constructed that

would allow boat passage past the main fish barrier (see enclosure 2-23).
There would be a slight differential (normally about 1 foot or less, but
possibly more in unusual situations) between the upstream and downstream sides
of the screens. The lock would roughly be the size of the Lower Granite Lock

(about 86 feet wide by 700 feet long, not counting approach wall widths and
lengths), but would only be about 30 feet deep. Both the upstream and
downstream ends of the locks would be operated to elevate or lower boats and
barges within the lock. No lock filling or drain systems would be required.

(b) Boat Passage at the Debris Boom.

A simple swing gate/removable boom section would be
used to allow the passage of boats past the debris boom (see enclosure 2-17).

(7) Miscellaneous Features.

A project office, including maintenance and visitor
facilities, would be constructed at the site. Also, if part of the new
facilities were located on Silcott Island, a new park would be required to
replace the displaced Chief Timothy Park.

5.04. MIGRATORY CANAL CONVEYANCE SYSTEM COMPONENTS.

a. General Description of Alternatives.

This concept would consist of a system of gravity flow open

canal sections, tunnels, and elevated flumes or pipes. This system would

begin at either a single juvenile fish collector and lift facility in the

Lower Granite reservoir just downstream of Lewiston, Idaho, or at two separate

juvenile salmonid collectors and lift facilities on both the Snake and
Clearwater Rivers upstream of Lewiston. The system would end just downstream

of Bonneville Dam on the Columbia River, for a total length of 314 and 342

miles for single or dual collection facilities, respectively.

(1) Migratory Canal with Single Primary Fish Collection,

Sorting, and Lift Facilities with Intermediate Additional Collection.

The migratory canal fishway system would convey juvenile

fish primarily gathered from an upstream collection facility located in the

Lower Granite reservoir to a point downstream of Bonneville Dam. A site for

the upstream collection system, located about 7 miles downstream of Lewiston,
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Idaho (at Silcott Island), was selected to demonstrate this alternative. This
(.r option would also allow for the collection of fish at each of the downstream

dams that currently have, or will have, the capability to collect fish.

The canal fishway system would begin near Silcott Island.
A primary collection and related facilities (see paragraph 5.03., Upstream
Collection System Components) located near the Silcott site would capture
downstream migrant salmonids from the lower Snake River upstream of Lower
Granite Dam. The configuration of the fish barrier system would direct fish
toward collection and sorting facilities, where the juvenile fish would be
sorted and passed into a fish lift or lock that would lift them 120 feet into
the migratory canal fishway for continued conveyance downstream.

Most of the canal fishway would consist of a trapezoidal
open channel with concrete and rock lining. Some reaches would consist of
bored or shot tunnel through basalt, if the trapezoidal section was not
feasible because of difficult terrain or other considerations. Elevated flume
or pressure pipe would be used to bridge low-lying areas in some locations.
Where the alignment passed through areas where security was of great concern,
the canal could be constructed as a cut-and-cover pipe or culvert section.
Throughout the open channel sections of the alignment, a portion of the
channel cross section would incorporate rocks and boulders inset into the
lining to provide in-channel rest areas for the fish.

Additional juvenile fish would be collected from the
screening and bypass systems incorporated into the dam structures at each dam
along the route . No additional collection facilities would be included for
tributary streams downstream of the upstream collection site.

Resting ponds would be incorporated into the alignment at
least every 10 miles, where construction conditions would permit. The canal
flow with fish would pass into these ponds, where 25 percent of the total flow
in the canal would be replaced with fresh, aerated water pumped from the river
below. The canal would be fenced for security, and shaded by vegetation as
much as possible.

Fish conveyed by the migratory canal would be released
into the Columbia River downstream of Bonneville Dam through staggered
discharge outfalls. The operation schedule of these release points would be
random, and would be staggered to confuse predators.
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(2) Migratory Canal System with Dual Main Fish Collection,
Sorting, and Lift Facilities with Intermediate Additional Collection.

This alternative would be comparable to that previously
described for a single collection facility, except that two separate
collection facilities (located on the Snake and Clearwater Rivers upstream of
the confluence at Lewiston, Idaho) would be used to collect juvenile fish and
divert them into the canal fishway. For demonstration purposes, it is assumed
that the Snake River collector would be located about 10 miles upstream of
Lewiston, and the Clearwater River collector would be located about 6 miles
upstream of Lewiston. A general discussion related to dual upstream
collection systems is presented in paragraph 5.03., Upstream Collection System
Components.

The collected juveniles would be lifted, with a lock
system or a mechanical lift, to the elevation of the high migratory canal.
Total lift heights required to move the juvenile fish into the Clearwater and
Snake River canal fishways would be about 80 feet and 180 feet, respectively.
Fish collected from the Clearwater River would be lifted into a canal, and
carried under Lewiston through a tunnel. They would then move upstream along
the right bank of the Snake River as far upstream as the Snake River collector
structure. These fish would then be conveyed through an elevated flume across
the Snake River, and combined with the Snake River juveniles in the collection
ponds at the base of the final lift to the migratory canal. Water from this
Clearwater canal would be pumped to the main migratory canal along with Snake
River water, in an amount proportionate to the distribution of flow between
the Snake and Clearwater Rivers. This should effect proper imprint of homing
instincts on Clearwater River fish.

The remainder of the canal fishway system would be
comparable to that previously described for a single collection system
downstream of Lewiston.

b. Additional Information Related to Key Components of Migratory
Canal System.

(1) Upstream Collection System.

Information related to upstream collection system
components are discussed in paragraph 5.03., Upstream Collection System
Components.

(2) Sorting Facilities.

Sorting facilities would be provided at a single Silcott
site collector or at two separate upstream collector sites, depending on the
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option. Sorting facilities would also be contained within the existing

Q juvenile bypass systems at each dam upstream of the confluence of the
migratory canal and the existing bypass flume. In this way, fish collected at
the upstream collector(s), and at each dam, would be required to endure
passage through sorting facilities only once. The purpose of a sorting
facility is to remove adult fish and debris, as well as larger non-salmonid
species, from the transportation system. For the migratory canal system, the
existing juvenile bypass flume would pass through a small sorting chamber
similar to that found in the existing sorting facilities. Juveniles would be
separated and transferred into a flume that would join the migratory canal.
The canal discharge capacity would be about 200 cfs, while the existing
juvenile bypass would carry about 30 cfs. A shunting gate would normally be
held closed to direct the flow of the juvenile bypass into the migratory
canal. However, should the necessity arise, the gate could be opened to
divert the juvenile bypass flow back into the existing sorting, holding, and
outlet facilities at the toe of the dam.

At the upstream collector(s), the sorting structure would
carry about 230 to 250 cfs from the collection screens (see enclosure 3-15).
This flow would enter a dewatering chamber, 62.5 feet long and expanding in
width from 8 feet to 16 feet, to decrease the discharge of fish-bearing water
to about 30 cfs. The dewatering chamber would consist of a false sloping
floor and sidewalls of fine screen mesh. This would effectively trap the fish
in the screened channel, yet still release water into the surrounding open
channel. The reduced flow would pass into a sorting tank where bar screens of
varying dimensions would separate juveniles from adults and larger non
salmonid species. Excluded fish would be piped to the release facilities
below the collector structure, as would the excess discharge. Fish would
normally travel from the sorter into the holding chamber for the fish lift or
lock facility.

(3) Lift Facilities.

A lift system would be provided to move the fish from the
collector elevation to the high migratory canal elevation. Two alternative
concepts, a mechanical lifting tank and a lock system, have been developed to
achieve this objective. The mechanical system consists of a large tank
mounted on an inclined track that would cycle from bottom to top and back in
about 5 minutes (see enclosure 3-13). The lock system would consist of a
vertical reinforced concrete lock chamber, with upper and lower bulkheads and
vertical crowder screens similar to that constructed at both Bonneville and
NcNary Dams (see enclosure 3-14). Total lift height would be about 120 feet
for a single site collector, and about 180 feet and 80 feet for dual Snake and
Clearwater River collectors, respectively.
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The mechanical lift tank volume of about 3000 gallons was
based on the maximum allowable concentration of fish in an enclosed chamber,
the anticipated peak number of fish to be handled, and the expected cycle time
of the lifting tank. Fish would enter the tank through a spill chute exiting
from a small holding chamber. The lift would carry the tank with fish up an
inclined ramp to the canal, where the water and fish would be poured from the
tank into the canal. Total cycle time is expected to be about 5 minutes.
Auxiliary water supply would be available on the tank carriage to maintain
some minimum tank water volume, so that fish would not be spilled into a
completely empty tank.

The fish lock design concept is based on a simplified and
scaled-down version of the Bonneville Dam adult fish lock, which was used
during the 1940’s and 1950’s to move migrating adults upstream of the dam. In
the proposed juvenile fish lock, fish would be crowded from the collection and
holding tank into the lock chamber, where a vertical bulkhead would close
behind them to seal the lock. Fresh water would be pumped through a diffusion
chamber, and into the floor of the lock chamber, to raise the water surface.
An inclined submerged separator screen would follow the water surface and fish
up to the top of the chamber. The volume of the fish-bearing water would be
constantly exchanged through the crowder screen, and would total about 1400
cubic feet. Pump inflow required to raise the water surface in a 15-foot-
diameter chamber, at a rate of 10 vertical feet per minute, would be about 30
cfs. When the water level in the lock reached the level of the canal, a
bulkhead would open and the fish would be crowded into the canal by raising
the inclined screen above the water surface. To complete the cycle, the
bulkhead would close, and water would be evacuated from the lock through the
floor inlet/outlet. For an 80-foot-high lift, this cycle would require about
17 minutes. If the pumped inflow were greater or the lock chamber smaller,
the cycle time could be reduced if necessary. The design was based on
transport criteria similar to that of the mechanical lift discussed above.

(4) Migratory Canal.

(a) General Information.

In general, the canal system invert would follow a
uniform gradient from dam to dam. The invert of the channel at the downstream
face of each dam would be 2 to 3 feet lower than that of the existing juvenile
fish bypass channel, except at McNary Dam. At McNary Dam, it would be about
8 feet lower to accommodate a larger channel cross section. Gravity flow
would feed fish into the channel from the existing fish bypass systems at each
dam. The channel invert at the upstream face of each dam would be located at
the high pool water surface elevation. Spiral flume sections would be used at
the downstream side of each dam where elevation drops were required to meet
the existing fish bypass systems. Approximate invert elevation profiles for
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the migratory canal system are shown plotted against the reservoir profiles on
enclosure 1-2. Actual invert elevations may vary from what is shown on the
drawing as a result of variations in invert slopes and cross sectional
geometries along the alignment. The alignment is shown in enclosures 3-1
through 3-6.

The migratory canal would consist of one of several
configurations of open trapezoidal concrete-lined channel, elevated open
flume, elevated enclosed pipe, concrete-lined tunnel, or cut-and-cover
enclosed culvert sections. Variations in canal type would depend upon
construction conditions, security considerations, and other factors. The
concrete-lined tunnel through the fractured basalt strata would be used where
necessitated by conditions, especially in the upper reaches of the alignment
along the Snake River (between Lewiston/Clarkston and Ice Harbor Dam). The
elevated flume or enclosed pipe sections would be supported on piers, and pre
stressed beams would be used wherever the alignment crossed a deep canyon,
valley, or tributary. The average slope of the canal system would approximate
the natural river slope. Hydraulic head and cost efficiency would be
maintained by flattening the invert slope through the open channel or tunnel
sections, so that the steepened elevated flume or pipe sections could be
downsized to reduce material and construction costs.

The criteria used to develop the migratory canal
concept include the specific biological criteria listed in paragraph 5.01.c,
Conveyance System Components, as well as construction criteria based on
preliminary alignment and configuration. The design discharge of the
migratory canal was computed by using the maximum expected daily migrant
passage rate of about 2 million fish per day. Juvenile fish were assumed to
weigh about 1/5 pound per fish, and acceptable density of fish in the moving
water was assumed to be about one fish per 7.5 gallons of water per minute.

The open channel portions of the canal would be
designed to carry the 200-cfs design discharge, at an average velocity of 3 to
6 fps. This average velocity would be expected to provide a total water
particle travel time of 7 to 10 days from Lower Granite Dam to Bonneville Dam.
This travel time approximates the pre-dam migration time on the Columbia and
Snake Rivers between the same locations. It was assumed, for velocity
computation purposes, that the conveyance portion of the channel would be
concrete lined, with a Manning’s an” roughness value of about 0.013 (a figure
that closely approximates the natural roughness of concrete for these
velocities and depths). The Manning’s roughness value for the non-conveyance
portion of the channel with embedded rock was assumed to be about .035, which
closely approximates the typical sn” value for rubble channels of moderate
depth. The composite ‘n’t value of .019 was determined by weighting the
conveyance and non-conveyance portions of the channel by flow area and
estimated proportion of conveyance. The average slope of the canal invert was
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determined by approximating the maximum available elevation of the invert of
the canal at the downstream face of each dam and the forebay of the downstream

dam, and then dividing by the approximate length of the canal. The invert

elevations at the downstream face of each dam were dependent upon the
elevation of the existing juvenile bypass flume. At the upstream side of each

dam, the lowest elevation of the invert of the canal was restricted to the

maximum normal operating pool elevation.

(b) Open Channel Sections.

Cross sections of the open channel portions

(approximately 224 miles of total length for a single collector and 238 miles

for dual collectors) of the canal will vary, depending on the material

encountered and the side slopes. For estimating purposes, three generic

excavated canal sections are assumed (see enclosure 3-7).

A Type I cross section would be used wherever the

channel passed through easily excavated materials lying on low-gradient

slopes. The bottom, or invert, of the channel would be approximately 17 feet

wide, with a low, longitudinal retaining wall throughout the length to prevent

dislodged rocks from migrating to the smooth concrete-lined portion of the

channel. Concrete lining would be placed along the full wetted perimeter, in

addition to the freeboard area, by slip lining or by fixed forming. Side

slopes would be about 1 vertical to 1 horizontal. The average height of the

side walls would be about 6 feet, providing about 3 feet of freeboard for

emergency surcharge. One-half of the cross section would include angular rock

of variable size embedded in the liner concrete. These rock-lined portions of

the channel would be positioned along the inside of bends, and along the

uphill side of the channel in straight sections, to reduce the frictional

losses within the channel as well as to encourage a larger proportion of

conveyance to be provided by the smooth concrete-lined portion. The rock

would be designed to provide cover and in-channel areas of lower velocity for

resting along the alignment. Vegetation of select varieties would be

encouraged to grow on one or both banks of the channel to provide shading and

potential invertebrate production. Security fencing would be provided along

both banks of the channel, with high-strength wire strung above the channel to

discourage predatory bird access. An access roadway would roughly parallel

the canal alignment. Runoff from natural drainage courses would be passed

under or over the canal through culverts, as required by site conditions.

Type II cross sections would be utilized where the

underlying materials were primarily rock standing on steep cross slopes. The

invert and right (or downhill) bank dimensions and configuration would be

identical to that of the Type I channel. The left (or uphill) bank would rise

from the invert, at a side slope of 1 vertical to 1 horizontal, for 2 or 3

feet. At this point, the bank would be vertical to the daylight point of the
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excavation. An access roadway would be provided along the top of the right
(downhill) bank of the channel, and would roughly parallel the alignment.

Type III cross sections would be utilized where the
underlying materials were difficult to excavate or stood on low-gradient
slopes. The dimensions of the channel would be identical to that of the Type
I cross section. However, the left and right banks of the channel would be
formed against structural embankments. Fencing, bird wire, vegetation, and
access roadway features would also be provided, much like those for the Type I
channel

Variations of Type I, II, and III cross sections
would be utilized specifically for the reach of the canal between McNary Dam
and John Day Dam (on the Columbia River). The maximum available gradient
between dam structures within this reach is low, and requires a very large
cross section for the design discharge of 200 cfs. The dimensions of the
three types of canal design are increased to accommodate an average water
depth of about 10 feet. The remaining features not dependent on the cross
section geometry would remain the same (i.e., vegetation, security measures,
bird wire, etc.).

Along all sections of the open channel, wherever
feasible, vegetation of manageable size would be encouraged to grow on the
banks. This would provide shading and invertebrate production to supplement
feeding facilities for the fish. Design discharge capacity is computed with
the assumption that the entire rock-lined portion of the channel provides no
conveyance. Vegetation would be carefully managed along the bank adjacent to
the access roadway to ensure that inspection activities would not be
compromised.

(c) Elevated Flume/Pipe Sections.

Where the alignment required the spanning of low-
lying areas, the open channel or tunnel would transition into an elevated open
flume or concrete pipe (approximately 39 miles of total length for single
collectors and 40 miles for dual collectors) supported on piers and 80-foot-
long pre-stressed concrete girders (see enclosure 3-8). The open channel
flume would be approximately 10 feet wide at the invert, with vertical
sidewalls 6 feet high to provide 3 feet of freeboard. It would be constructed
of reinforced concrete prefabricated sections; and would be provided with
security fencing, bird wire, and a grated catwalk for inspections. Some
sections could incorporate a structural covering to accommodate an access
roadway.
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The concrete pipe would be about 6 to 8 feet in
diameter, depending upon the invert slope. It would also be provided with an
access walkway. Where elevated flume or concrete pipe was used, the invert
slope could be greater than the excavated channel to reduce the required cross
section for the design discharge. The reduction of flow area would reduce the
physical dimensions of the structure and the required strength of the
structural members, gaining economy in size and materials. Embedded rock for
flow velocity reduction would probably not be used for the elevated flume or
pipe sections.

Cd) Tunnel Sections.

Some sections of the canal would be constructed by
tunneling (approximately 44 miles of total length for a single collector and
57 miles for dual collectors) through the fractured basalt cliffs. Tunneling
would be accomplished by either a tunnel-boring machine or the drill-and-shoot
method; depending on the location, length of tunnel required, and the
economics of each method. The minimum diameter of the tunnel would be 12
feet, including concrete lining (see enclosure 3-9). Rock could be embedded
in part of the concrete lining to provide local velocity reduction and cover
for the juvenile fish. Lighting would be provided throughout the tunnel,
either continuous or variable, to match natural light cycles. Personnel
access would be provided by an elevated walkway above the water surface. In
addition, a small rail-type car track could be suspended above the water
surface to accommodate seated observers through the longer sections of tunnel.
Some beneficial water temperature reduction is expected to occur throughout
the tunneled sections, due to heat transfer from the water to the surrounding
rock.

(e) Cut-and-Cover Pipe Sections.

Some portions of the alignment would require
construction of a cut-and-cover enclosed pipe (approximately 6 miles of total
length for both single and dual collectors) for security reasons, or to reduce
real estate acquisition costs. Typically, this type of construction would be
used where the alignment passed near or through populated areas, or under
existing structures or facilities. The pipe would be either a precast
reinforced box culvert about 12 feet wide and 10 feet high, or a precast
reinforced concrete pipe 12 feet in diameter. Inspection access would be
provided throughout the pipe or culvert by an elevated walkway system similar
to that for the tunnel described above.
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(f) Resting Ponds.

Resting ponds would be provided at about 10-mile
intervals (approximately 30 resting ponds for a single collector and 31 for
dual collectors) throughout the entire alignment of the migratory canal system
(see enclosure 3-10). These ponds would allow fish to rest or feed, as
necessary. Resting ponds would be at least 1/3 of an acre in surface area,
with an average depth of at least 10 feet. The pond would be shaded with
shoreline vegetation and larger trees, both on the shore and in large concrete
planters within the ponds. Some invertebrate production could be provided by
such vegetation to supplement the feeding requirements of the wild fish.
Hatchery fish would depend largely on artificial feeding at the pond sites.
The ponds would be created by damming natural draws or excavating surface
depressions, depending upon the existing topography. Dams would be
constructed of concrete for those in steep ravines in basalt strata, or
compacted earth for more gradual slopes and less stable materials. Ponds
would probably be sealed to reduce seepage losses.

Fresh water would be pumped from intakes in the
river below each pond to exchange at least 25 percent of the total channel
discharge at each pond. Nitrogen desaturation and reoxygenation of the pumped
inflow would be accomplished by pumping the fresh water to the top of a
baffled chute spiliway prior to its introduction to the resting pond (see
enclosure 3-12). Baffled chute spillways have been used successfully in the
past to effectively reduce excess nitrogen and reoxygenate water in reservoir
outlet works and irrigation water spills. If required, additional aeration of
the pond water could be provided with in-water aeration systems. Water
temperatures would be maintained below acceptable levels [75 degrees
Fahrenheit (°F)], and within 2°F of the river during periods of hot weather,
by exchanging cooler river water, shading, and by evaporative cooling. Mist
emitters situated around the pond would produce a fine mist that would drift
over the pond as it evaporated. The energy consumed in the evaporation of the
mist would come from the heat energy of the surrounding air. Evaporative
cooling is effective in low-humidity, high air temperature conditions typical
of the geographical area through which the canal will traverse.

To stabilize and attenuate water levels in the
canal, 25 percent of the total channel discharge at the upstream end of the
pond would be spilled back to the river through a long, screened side
channel spillway and closed culvert alongside the canal structure (see
enclosure 3-11). Spilled water could be directed into a turbine unit coupled
to the exchange water pump to reduce energy consumption. Trash and floating
debris would be removed by a small floating debris boom upstream of the side
channel spillway. Debris would be directed into a sloped revolving screen
designed to pass water and dump debris over the side of the channel. In
addition to the side channel spillway just upstream of each resting pond,
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similar spiliways would be provided at about 4,000-foot intervals along the
entire length of the canal. These additional spiliways would be used in the
event of a downstream failure or sudden blockage of the canal, as well as to
limit the normal maximum water level in the canal. Debris removal would not
be necessary at these spiliways.

(5) Collection at Dams with Existing Fish Collection/Bypass
Facil ities.

Structural modifications to eight existing dams would be

limited to the addition of a bored conduit through the dam at the high forebay
pool elevation, through which the migratory canal system will pass. Minor
roadway modifications would be required in the immediate vicinity of the dam
structure to accommodate the alignment of the migratory canal. Modifications

to the existing alignment of the juvenile fish bypass flumes would have to be
made so that they could be joined with the migratory canal . Construction of
that portion of the migratory canal and appurtenant structures immediately

upstream and downstream of the dams might also require the relocation of some
existing structures.

(6) Release Below Bonneville Dam.

Fish conveyed by the canal alternatives would be released

into the Columbia River downstream of Bonneville Dam through staggered
discharge outfalls. Side channel spiliways, of the type discussed in the

migratory canal features section, could be used in conjunction with a closure

gate on the main canal section. The operation schedule of these release
spillways would be random, and would be staggered to confuse predators. In

this way, the high concentration of predators currently noted within existing

tailrace areas or release points would not have a chance to build up to such

destructive levels. The outfalls would be staggered along perhaps as much as
1 mile of riverbank.

5.05. PRESSURE PIPELINE CONVEYANCE SYSTEM COMPONENTS.

a. General Description of Alternatives.

This concept would consist of a pressure pipe buried along the

shoreline of each reservoir, beginning at either a large juvenile fish

collector and lift facility in the Lower Granite reservoir just downstream of

Lewiston, Idaho; or at two separate collectors and lift facilities on both the

Snake and Clearwater Rivers upstream of Lewiston. The system would end just

downstream of Bonneville Dam on the Columbia River, for a total length of

about 314 and 324 miles for single and dual collection facilities,

respectively.
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(1) Pressure Pipeline System with Single Primary Fish
Collection, Sorting, and Lift Facilities with Intermediate Additional
Collection.

This option, in concept, would be very comparable with
the previously described migratory canal option with single primary collection
and sorting facilities [see paragraph 5.04.g.(1), Migratory Canal with Single
Primary Fish Collection, Sorting, and Lift Facilities with Intermediate
Additional Collection]. However, the conveyance of fish from the upstream end
to below Bonneville Dam (a distance of about 314 miles) would be accomplished
with a large diameter steel or concrete pressure pipe section rather than open
channel, elevated flume, and tunnel sections. The pipe would carry fish from
the upstream juvenile collection facility, and from each of the downstream
dam’s collection systems. Resting ponds, with 25-percent water exchange at
each, would be provided about every 10 miles where feasible, much like the
migratory canal. At each pond, the pipe would rise to the elevation of the
pond, where it would discharge water and fish. Fresh water pumped from the
river below would be combined with the pipe flow in the pond. An outlet
structure would carry water and fish back into the pressure pipe and on
downstream along the riverbank. The pipe would likely be buried throughout
most of the alignment to help maintain cool water temperatures.

(2) Pressure Pipeline System with Dual Primary Fish
Collection, Sorting, and Lift Facilities with Intermediate Additional
Collection.

This option, in concept, would be comparable to that
previously described for a single collection facility, except that collection
would be accomplished with two separate upstream collectors on the Snake and
Clearwater Rivers, as in the migratory canal system with dual main fish
collectors [paragraph 5.04.a.(2), Migratory Canal System with Dual Primary
Fish Collection, Sorting, and Lift Facilities with Intermediate Additional
Collection]. The total length of the system would be about 342 miles.

b. Additional Information Related to Key Components of the
Pressure Pipe System.

(1) Upstream Collection System.

Information related to upstream collection system
components is discussed in paragraph 5.03., Upstream Collection System
Components.
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(2) Sorting and Lift Facilities.

The sorting and lift facilities for this alternative
would be the same as that for the migratory canal (paragraphs 5.04.b.(2),
Sorting Facilities; and (3), Lift Facilities], except that fish would be
conveyed into a pressure pipe system from the top of the lift instead of into
an open channel

(3) Pressure Pipe System and Resting Ponds.

The pressure pipe alternative (see enclosure 3-16) would
consist of a 6- to 12-foot-diameter steel or concrete pipe buried along the
bank of the reservoir, within the boundaries of Federal property adjacent to
the river. Where the reservoir banks are too steep or solid to excavate
easily, the pipe could be submerged in the reservoir itself. Pressure changes
in the pipe would be limited to no more than one-half of one atmosphere (about
7.35 pounds per square inch) in 1 minute of travel time to accommodate the
capability of juvenile fish to withstand pressure changes. The pipe would
rise gradually to free-surface, open resting ponds located in natural
depressions or draws above the reservoir, at approximately 10-mile intervals.
The slope of the rising and falling sections of pipe would be determined by
the flow velocity and the maximum allowable rate of pressure change discussed
above. For most reaches, the rising and falling portions would be from 500 to
4000 feet long, depending on the change in elevation and flow velocity in the
pipe. Provisions for lighting the pipeline may be required to reduce
prolonged darkness-related stress on the juvenile fish. At present, the
effect of prolonged darkness and pressure on juvenile fish is not well known.
Hydraulic head would be conserved throughout the system. Water exchange,
aeration, rest, and feeding for fish would be provided in the resting ponds,
as in the free-surface canal alternative. A buried pressure pipe system would
help keep water temperatures low, and reduce the necessity for water
temperature control facilities.

(4) Collection at Dams with Existing Fish Collection/Bypass
Facilities, and Release Below Bonneville Dam.

Structural modifications to existing dams would be
comparable to that for the migratory canal alternatives [paragraph 5.04.b.(5),
Collection at Dams with Existing Fish Collection/Bypass Facilities]. Fish
release below Bonneville Dam would also be comparable to that of the migratory
canal alternatives [see paragraph 5.04.b.(6), Release Below Bonneville Dam].
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5.06. TRANSPORT CONVEYANCE SYSTEM COMPONENTS.

a. General Description of Alternatives.

This concept consists of using either existing or
expanded/improved fish transport barge fleet and loading facilities, beginning
at either a single juvenile fish collection structure in Lower Granite
reservoir just downstream of Lewiston, or at collection facilities on both the
Snake and Clearwater Rivers upstream of Lewiston. Fish would be transported
downstream, depending on the option, between 314 and 350 miles. They would
then be released below Bonneville Dam on the Columbia River.

(1) Transport System with Single Primary Fish Collection,
Sorting, and Holding Facilities with Intermediate Additional Collection.

This option, which would utilize some of the same
features as the present barging program (paragraph 2.03., Juvenile Fish
Transportation), would transport juvenile fish primarily gathered from a large
collection facility (see paragraph 5.03., Upstream Collection System
Components) located in the Lower Granite reservoir to a point downstream of
Bonneville Dam. This option would also allow for the collection of fish at
each of the downstream dams that currently have, or will have, the capability
to collect fish. Juvenile fish reaching an upstream collection system would,
after being separated by size, be directed into a barge and transported
downstream. As was the case for the migratory canal and pressure pipe
alternatives, a site for the upstream collection system located about 7 miles
downstream of the confluence of the Snake and Clearwater Rivers near Silcott
Island (see paragraph 5.03.b., Basis of Design and Main Assumptions) was
selected to demonstrate this concept.

(2) Transport System with Dual Primary Collection, Sorting,
and Holding Facilities with Intermediate Additional Collection.

This option would be comparable to that previously
described for a single collection facility, except that collection would be
accomplished with two separate upstream collectors on the Snake and Clearwater
Rivers. The collection facilities would convey fish into an open channel or
enclosed pipeline leading several miles downstream along the riverbanks to
transport vessel-loading facilities located near Lewiston, within the
navigable pool of the Lower Granite reservoir.
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b. Additional Information Related to Key Components of the
Transport System.

(I) Upstream Collection System.

Information related to upstream collection system
components is discussed in paragraph 5.03., Upstream Collection System
Components.

(2) Connection Canals to Link Collection System(s) to Fish
Transport Vessels.

(a) Single Collection Facility Located Downstream of
Lewi ston.

No connection canals are required, since the
collection facility would be located within the navigable pooi of the Lower
Granite reservoir.

(b) Dual Collection Facilities Located Upstream of
Lewi ston.

Fish would be conveyed downstream through open
channels or enclosed pipes several miles along the banks of the Snake and
Clearwater Rivers, from upstream collection facilities to transport vessel-

loading facilities located near Lewiston (within the navigable pool of the
Lower Granite reservoir). The two separate open channels or pipes would be of
about the same geometry and configuration as that of the migratory canal open
channel or free-surface flow pipe [see paragraph 5.04.b.(4), Migratory Canal].

(3) Sorting, Holding, and Loading Facilities.

Fish diverted by an upstream barrier system would be
diverted into sorting and holding facilities prior to transfer to a transport

vessel or truck. These facilities could be somewhat comparable to the
existing holding and loading facilities on the lower Snake River, except that
the separator and sorting-related facilities would be tailored to match this
type of collection and sorting system. Discussions related to the two options
for sorting, holding, and loading facilities are presented in paragraph

5.03.d.(3), Fish Sorting and Transfer Facilities.
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(4) Fish Transport Barges/Vessels.

(a) General

Depending on the system used to sort, hold, and
transfer fish from the main barrier system to a fish transport vessel (see
previous paragraphs), transport options would use either existing fish barges
or entirely new vessels. Using existing fish barges with conventional sorting
and holding facilities would require a barge chamber (a version of a
navigation lock) to lower barges below the river water level, and allow
gravity fish loading from the separator and holding facilities. Using new
fish transport vessels, in conjunction with floating sorting and holding
facilities, would require loading fish with a system of attraction flows and
crowders. There is no evidence at the present that suggests that the actual
transportation process using the existing barges harms the fish. However,
some groups are concerned that barging may be harmful to the fish.

(b) Existing Fish Barge Option.

The existing fish transport barges (see enclosure
4-1 for a typical general arrangement of an existing fish barge), comparable
in design, numbers, and operation to the present barge fleet, would still be
used to transport fish to below Bonneville Dam.

(c) New Fish Transport Vessels (FTV’s) Option.

New FTV’s would be about 21 feet long by 80 feet
wide by 16 feet deep (see enclosure 4-2). The maximum draft would be about 14
feet. The FTV’s would contain six cells that would be about 160 feet long by
8 feet wide, with a water depth of 10 feet. (Each cell, which would be open
on the top and covered with shading, would be sized to roughly equal about
four times the volume of one raceway at the new Little Goose Juvenile Fish
Facilities.) The FTV’s could be operated in either a “net pen” fashion, or as
a closed system with recirculated, aerated (and possibly temperature-
controlled) water. Components of the FTV’s would include screens and bulkhead
gates at both ends of the cells, a crowder, shading, sprinklers to disturb the
water surface, a removable floating breakwater barrier at the front end of the
FTV’s, miscellaneous pumps, water distribution and drain floor diffusers,
piping over the length of each cell, packed columns, etc. While operating in
a “net pen” fashion, the FTV’s would travel at a rate roughly equal to the
time it would take for a juvenile fish to swim to the ocean (about 7 1/2
days). In addition to the FTV’s themselves, a storage and maintenance
facility would be constructed near the collection facility to maintain and
store the FTV’s when not in use.
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(d) Fish Barge/Transport Options Used for This Study.

For this report, it was assumed that existing 0
barges and trucks would be used to transport fish from an upstream collection

system to below Bonneville Dam. Future studies will have to be completed to

determine if other barge designs might be more effective than the existing

barges.

(5) Collection at Dams with Existing Fish Collection/Bypass

Facilities.

No changes to the existing dam structures would be

required for the transport alternatives. The collection and transport of fish

at the dams would continue to use the existing systems.

5.07. FLOATING PIPELINE CONVEYANCE SYSTEM COMPONENTS.

a. General Description of Alternatives.

This concept would consist of a flexible, floating, continuous

conduit located on the surface of each reservoir, beginning at either a single

juvenile fish collector in the Lower Granite reservoir just downstream of

Lewiston, or at two separate collectors on the Snake and Clearwater Rivers

upstream of Lewiston. Special pumps would be required to maintain free-

surface, open-channel flow conditions within the conduit. The system would

end just downstream of Bonneville Dam on the Columbia River, for a total

length of about 320 and 333 miles for single or dual collection facilities,

respectively.

(1) Floating Pipeline System with Single Primary Fish

Collection and Sorting Facilities with Intermediate Additional Collection and

Pump Stations.

This option would use a single collection system similar

to that previously described for the migratory canal, pressure pipeline, and

transport options. However, this alternative would convey fish from the

downstream collector by means of a floating low pressure or open channel

conduit. A system of intermediate pumps or water movement systems would

maintain flow velocities within the desired limits. Fish would primarily be

gathered from an upstream collection facility located in the Lower Granite

reservoir, and ultimately conveyed to a point downstream of Bonneville Dam.

As was the case for all of the alternatives previously discussed, a site for

the upstream collection system located about 7 miles downstream of the
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confluence of the Snake and Clearwater Rivers at Silcott Island was selected
to best demonstrate this alternative. This option would also allow for the
collection of fish at each of the downstream dams that currently have, or will
have, the capability to collect fish.

This floating pipeline/pump fishway, as proposed by Idaho
National Engineering Laboratory, would convey migrating juvenile salmonids 320
miles through a system of segments of anchored floating open-channel or
submerged low-pressure conduit. The floating or naturally buoyant pipe or
open channel system would lie on the reservoir surface out of the path of
navigation. Where necessary, the conduit would be submerged to permit
navigation access from shoreline areas. Required flow velocity through the
conduit would be maintained by some type of modular pumping mechanism that
would not be injurious to the fish. The conduit would pass through each dam,
as necessary, by means of a variable-level adjustable gate and bored conduit.
The flow from the floating conduit would pass through the dam, and drop
elevation quickly through a long spiral or switchbacked CMF pipe to the
tailwater area of the dam.

Additional juvenile fish would be collected at each dam
along the route from the screening and bypass systems incorporated into the
dam structures. The juveniles would then be discharged into the floating
conduit just downstream of the dam. No additional collection facilities would
be included for tributary streams downstream of the upstream collection site.

Resting ponds, in the form of in-reservoir net pens,
would be incorporated into the alignment at least every 10 miles. The conduit
flow with fish would pass into these ponds, where 25 percent of the total flow
in the conduit would be exchanged with fresh, aerated water pumped from the
river.

Fish conveyed by the floating pipeline and pump system
would be released into the Columbia River downstream of Bonneville Dam through
staggered discharged outfalls. The operation schedule of these release points
would be random, and staggered to confuse predators.

(2) Floating Pipeline System with Dual Main Fish
Collection and Sorting Facilities with Intermediate Additional Collection and
Pump Stations.

This option, in concept, would be comparable to that
previously described for a single collection system except that collection
would be accomplished with two separate upstream collectors on the Snake and
Clearwater Rivers, as in the migratory canal system with dual main fish
collectors [paragraph 5.04.a.(2), Migratory Canal System with dual Main Fish
Collection and Sorting Facilities with Intermediate Additional Collection and
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Dump Stations]. The collection facilities would convey fish into an open
channel or enclosed pipeline leading several miles downstream along the
riverbanks to connect with the floating pipeline and pump system located near
Lewiston (within the navigable pool of the Lower Granite reservoir).

b. Additional Information Related to Key Components of Floating
Pipeline System.

(Note: A more detailed discussion of the design of the
floating conduit concept, as proposed by Idaho National Engineering
Laboratory, is found in enclosure 5-4).

(1) Upstream Collection System.

Information related to upstream collection system
components is discussed in paragraph 5.03., Upstream Collection System
Components. For a single collection facility downstream of Lewiston, fish
would be transferred from the sorting facility into the floating conduit in
the immediate vicinity of the collector. For dual upstream collectors on the
Snake and Clearwater Rivers upstream of Lewiston, fish would first be conveyed
downstream to connection facilities within the navigable pool of the Lower
Granite reservoir, much like the transport alternative (see paragraph 5.06.,
Transport Conveyance System Components).

(2) Floating Pipeline and Pump System.

As discussed in previous paragraphs, Idaho National
Engineering Laboratory has proposed an in-reservoir floating or submerged
conduit for fish conveyance as an alternative to an open concrete-lined
channel. The conduit, as proposed, would be sized for a 200-cfs discharge.
It would consist of a flexible, thin membrane conduit with numerous
intermediate pumps or water movement systems to maintain flow velocity within
the required limits. The conduit would float above anchored tie-downs along
the bank of the reservoir, or be submerged in a low pressure system under
shipping traffic routes or shoreline boating access lanes. Enclosure 3-1 is a
conceptual sketch prepared by Idaho National Engineering Laboratory to show
the expected operating condition and structural configuration of the open
channel and closed conduit portions of the floating conduit fishway. Resting
areas would be provided by in-reservoir net pens. Passage through each dam
would be provided by a new conduit bored through the structure and connected
to the existing juvenile bypass systems, as shown in enclosures 5-2 and 5-3.
In this manner, juveniles from both the floating conduit and the existing
bypass would be combined and conveyed further downstream.
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The connection between the Idaho National Engineering
Laboratory’s floating conduit and the existing dam structure would be
accomplished with a sliding connector plate. Flow would pass through the
sliding connector plate into a dewatering wet well. Dewatering from 200 cfs
to 170 cfs would be provided by a floor screen in the wet well. A 17-foot-
wide adjustable weir would control the water level in the floating conduit and
in the wet well. Downstream of the weir, a second chamber would stabilize
flow conditions prior to passing through a 4-foot by 4-foot slide gate and
into a 36-inch-diameter, steel-lined conduit through the dam. The pipe would
transition into a 48-inch-diameter corrugated steel pipe (CSP) upon exiting
the downstream face of the dam. The CSP pipe would drop to the elevation of
the river in about 1000 feet. It would carry about 170 cfs at a maximum of
about 20 fps velocities under free-surface conditions. A switchback section
of pipe would be used to drop the elevation of the pipe within the limited
available length.

Connection to the floating conduit in the tailwater pool
would be accomplished with a flexible coupling. A transition section designed
to pass the flow from super critical to sub critical without a hydraulic jump
would be provided. Juvenile fish from the existing juvenile bypass system
sorting, collection, and holding ponds at the base of the dam would be
transported into the floating conduit through a small flume or pipe designed
to carry 30 cfs. The downstream floating conduit would be designed to carry
the combined flow of 200 cfs on to the next dam.

(3) Collection at Dams with Existing Fish Collection/Bypass
Facil ities.

Structural modifications to eight existing dams would be
required to install a 15-inch-diameter dewatering conduit and a 3-foot-
diameter bored and steel-lined conduit through each dam, in addition to a wet
well and weir structure on the upstream face of each dam. The alignment of
the downstream fish passage culvert for the Idaho National Engineering
Laboratory conduit connection may require realignment of some existing
downstream facilities.
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 6 - COSTS AND SCHEDULES OF ALTERNATIVES

6.01. GENERAL.

Cost and schedule information related to overall project alternatives
are presented first in this section. Additional cost and schedule information
related to upstream collection system concepts is presented independently from
project alternatives in order to provided added insights as to how the
components impact overall schedules and costs.

6.02. PROJECT ALTERNATIVES--COSTS AND SCHEDULES.

a. General

Four basic alternatives were analyzed for costs and schedules.
For each of these alternatives, a single upstream collection system using one
design option was assumed (refer to the following paragraphs), and three
different collection design flows (100,000, 160,000, and 225,000 cfs) were
eval uated.

Although basic assumptions were made to select the components
that would generally be used, the development of these alternatives, as stated
in paragraph 4.01., are not intended to be recommendations on what are
necessarily considered to be the best combinations of the different
components. However, this analysis does demonstrate magnitude schedule and
cost information for designing and constructing the different types of
upstream collection and conveyance systems. Alternatives related to other
site locations, dual collection systems located upstream of Lewiston on the
Snake and Clearwater Rivers, and other types of upstream collection designs,
will be evaluated further if this concept is carried into future studies. As
discussed in section 4, Proposed Alternatives, it should be noted that a dual
collection system design for collectors located upstream of Lewiston would
probably require the construction of dams to create proper hydraulic
conditions for the fish diversion barriers. This might require additional
biological as well as cost-related impacts not associated with a single
collection system downstream of Lewiston.
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Basic concepts selected to develop alternative comparisons
assumed that all project alternatives would use a single collection system on
the Snake River in the vicinity of Silcott Island, located about 7 miles
downstream of Lewiston. An upstream collection system that used a low
velocity design with either a floating platform/moving barrier, or a bridge
structure/fixed barrier component, was initially selected for developing costs
and schedules. To simplify the analysis, however, it was decided to use cost
and schedule data that assumed bridge structure/fixed barrier collection
components in order to match previous drafts of this report. As discussed in
paragraph 6.03., cost and schedule data related to floating platform/moving
barrier concepts would be comparable to a bridge structure/fixed barrier
collection system.

b. Alternative 1--Migratory Canal with Single Primary Fish
Collection, Sorting, and Lift Facilities with Intermediate Additional
Collection.

(1) Project Description.

This alternative assumes a single upstream fish
collection system in the vicinity of the Silcott Island site; and provides for
fish collection, sorting, and lifting to the migratory canal grade, as well as
conveyance through each reservoir reach by a series of open channels, flumes,

tunnels, and resting ponds.

(2) Cost Information.

(a) Construction and Project Cost Summary.

The reconnaissance-level project costs and fully-
funded construction costs are estimated at about $4.3 and $5.4 billion,
respectively. [See table 2, tables T-8(a) through (c), and chart 2.] The
project cost is based on an October 1992 price level, and include the required
biological research, feasibility studies, hydraulic model studies, feature
design memorandums, and plans and specifications are included as an estimated
25 percent of the construction cost. Real estate costs (land and damages) are
included and discussed in later paragraphs. Construction management is
estimated at 15 percent of the construction cost. Contingencies used reflect
the anticipated level of construction risk, unknowns, and the level of design
detail available for this study. Fully-funded costs are escalated to the mid

point of construction, using 0MB inflation factors.
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(b) Operation and Maintenance Cost Summary.

Operation and maintenance costs are estimated at
about $9.5 million annually. (See tables 2 and T-12.) The operational
requirements for this alternative were determined through consideration of
requirements at similar facilities. Estimated detailed operational
requirements for each feature are shown on table T-13.

(c) Additional Information Related to Upstream
Collection System Components.

Major features and costs for the upstream
collection facility are identified in table T-3. Additional information
related to variations of the upstream collection system concept is presented
in paragraph 6.03.

(d) Additional Information Related to the Migratory
Canal Conveyance System Components: Cost Assumptions, Construction
Quantities, and Real Estate Quantities and Costs.

1. General

Major features and costs for the migratory canal
conveyance system are identified in table T-3. Tables T-1 and T-2 show the
total length of channel types, assuming a single collection system downstream
of Lewiston (used for the final estimate) and a dual collection system
upstream of Lewiston (not used for the final estimate), respectively.

Several costs were considered above that needed
solely for an upstream collection system. Fish and wildlife facility costs
were assumed to be 5 percent of the construction costs, and cultural resource
preservation costs were assumed to be 1 percent of construction costs. Tables
T-8(a) through T-8(c) include environmental and cultural resource mitigation
costs. Environmental mitigation and enhancement costs for modern civil works
projects may conservatively be expected to range between 8 and 20 percent of
the construction costs, depending on project type, severity of the impacts,
and the complexity or difficulty of the required corrective action. This is
all inclusive (fish, wildlife, cultural resources, and other environmental
concerns). Because the project discussed herein is itself a fisheries
mitigation project, all ameliorative measures are intended to target
environmental values other than fisheries with an associated reduction in
benchmark costs by about half (arbitrary), to 4 to 10 percent of construction
costs. Terrestrial impact costs were set at the low end of this range (5
percent), since mitigation measures are reasonably straightforward, although
potentially extensive. Typical features would include closely spaced ramps
and covers over the open canal to provide pathways for migratory animals and
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others requiring river access; topsoiling and seeding or planting of staging

areas, access roads, and borrow sites; aesthetic treatment of disturbed sites;

habitat restoration and creation; terraces and subimpoundments; and wetland

restoration and replacement.

The Corps planning and construction guidance

[Engineer Regulation (ER) H05-2-50 and ER 1130-2-438, respectively] supports

a general 1 percent of construction cost standard for cultural resources.

Features would include complete archeological and historic surveys of project

areas, the evaluation of finds, negotiation of Programmatic Agreements, and

curatorial disposition of any finds.

2. Real Estate.

Preliminary real estate studies considered two

alternative collector/canal projects: 1) Alternative 1, beginning in the

vicinity of a Silcott Island single fish collector downstream from Lewiston,

Idaho; and 2) a variation of alternative 1, beginning with dual fish collector

sites on the Clearwater River upstream from Lewiston, Idaho, and at the second

collector site upstream from Asotin, Washington on the Snake River. Both

projects end downstream of Bonneville Dam. Alternative 1 would eliminate the

real estate costs, associated with dual collection systems, of acquiring lands

through and around Lewiston, Idaho, and Clarkston, Washington. This option

would consist of an estimated total land area of 1,271 acres (a 35-foot right-

of-way), of which 682 acres (53 percent) would be located on privately-owned

lands, with the remaining 589 acres (47 percent) being located on Government-

owned lands (project and/or wildlife lands). The overall real estate costs

for alternative 1 are estimated at $4,000,000. These overall costs would

include land costs, administrative costs to acquire the lands, and a 20-

percent contingency factor. This figure does not include relocation expenses

or any damages to real or personal property as a result of this proposed

project.

The variation of alternative 1 with dual fish

collectors upstream of Lewiston would be somewhat longer in length than

alternative 1. It would require an estimated total land acquisition of 1,395

acres, of which 795 acres (57 percent) would be on privately-owned lands and

600 acres would be over Government-owned lands. Real estate costs for this

particular project would be estimated at $5,000,000. See tables T-4 through

T-7 for a complete breakdown of real estate costs and uses, by reach, (or

reservoir) for these project alternatives.

The real estate cost estimates for alternative 1

and the variation of alternative 1 are based on limited investigation of land

uses, real estate costs for privately-owned lands, and associated
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administrative costs by reach. It should be noted that the investigation of
real estate costs is proportional to the constraints imposed by the level of
detail required for this report.

(3) Schedule Information.

(a) Summary.

Assuming that funds and resources are available
when required, it is estimated that from the date authorization and
appropriation are granted, it will take approximately 11 1/2 years to design
and construct alternative 1. Time required for biological research and
preliminary engineering studies (see paragraph 5.04.) is not included in this
timeframe. Chart 2 presents this same information in bar chart form.

(b) Additional Schedule Information Related to Upstream
Collection Facility Components.

Chart 1 shows summary information for different
upstream collection system components. For a low velocity, fixed-barrier
design (which would also be comparable schedule-wise to a floating platform
system), the time required for design and construction of just this piece of
alternative 1 would range between 5 1/2 and 8 years, for design flows ranging
between 100,000 and 225,000 cfs, respectively. Additional schedule
information related to the upstream collection facility (and variations in its
design) is presented in paragraph 6.03.

(c) Additional Schedule Information Related to
Migratory Canal System Components.

Construction efforts for the canal alternative
would begin with a prototype test reach during the design stage of the other
reaches. The test reach would take approximately 3 years for pre-engineering
and design studies, 1 year to acquire lands, 2 years to construct, and 2 years
to test. Evaluation of the system after completion would be ongoing. The
test reach would probably extend from an existing juvenile collection bypass
flume at one dam to an existing juvenile sorting, holding, and loading
facility at the tailwater of the next downstream dam.

Pre-engineering and design studies for other canal
reaches would begin concurrently with the construction of the prototype test
reach, with land acquisition and construction occurring over the next 8 years.
Evaluation of the system after construction would be ongoing.
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The extensive scope of the construction of a
project of this magnitude would require the concerted effort of several
contractors to complete the project within the designated timeframe. Within
any one reach, several segments of the alignment would be constructed
simultaneously. The construction sequence and schedule for this type of
construction project is not as complex as for other projects of similar cost,
since individual features of the system are not extremely complex and their
completion is not generally dependent on completion of the other features.

c. Alternative 2--Pressure Pipeline with Single Primary Fish
Collection, Sorting, and Lift Facilities with Intermediate Additional
Collection.

(1) Project Description.

This alternative (similar to alternative 1, except with a
different fish conveyance system) assumes a single upstream fish collection
system in the vicinity of the Silcott Island site; and provides for fish
collection, sorting, and lifting to a buried pressure pipeline and related
system along the reservoir shoreline.

(2) Cost Information.

(a) Construction and Project Cost Summary.

The reconnaissance-level project costs and fully-
funded construction costs are estimated at $4.0 and $5.1 billion,
respectively. [See table 2, tables T-9(a) through (c), and chart 2.] The
project cost is based on an October 1992 price level, and includes the
required biological research, feasibility studies, hydraulic model studies,
feature design memorandums, and plans and specifications are included at an
estimated 25 percent of the construction cost. Real estate costs (lands and
damages) are included and discussed in later paragraphs. Construction
management is estimated at 15 percent of the construction cost. Contingencies
used reflect the anticipated level of construction risk, unknowns, and the
level of design detail available for this study.

(b) Operation and Maintenance Cost Summary.

Operation and maintenance costs are estimated at
about $9.5 million annually. (See tables 2 and T-12.) The operational
requirements for these alternatives were determined through consideration of
requirements at similar facilities. Estimated detailed operational
requirements for each feature are shown on table T-13.

0
6-6



(c) Additional Cost Information Related to Upstream
Collection System Components.

Major features and costs for the upstream
collection facility are identified in table T-3. Additional information
related to variations of the upstream collection system concept is presented
in paragraph 6.03.

(d) Additional Cost Information Related to the Pressure
Pipeline Conveyance System Components: Cost Assumptions, Construction
Quantities, and Real Estate Quantities and Costs.

1. General

Major features and costs for the pressure
pipeline conveyance system are identified in table T-3. Pipeline lengths are
assumed to be comparable to lengths shown on tables T-1 and T-2 for the
migratory canal alternative.

As was the case for alternative 1, several costs
were considered above that needed solely for an upstream collection system.
Fish and wildlife facilities costs were assumed to be 5 percent of the
construction cost, and cultural resource preservation costs were assumed to be
1 percent of construction cost. Tables T-9(a) through T-9(c) include
environmental and cultural resource mitigation costs. Additional discussion
related to environmental mitigation, enhancement costs, and cultural resources
would be comparable to previous information presented in paragraph 6.02.b(2)
with alternative 1.

2. Real Estate.

Because of time and money limits placed on
investigating and collecting real estate information for all of the
alternatives, it was not possible to differentiate specific real estate costs
between alternatives 1 and 2 in this report. Therefore, it was assumed real
estate costs associated with alternative 2 would be equal to costs associated
with alternative 1. Thus, the overall real estate costs for alternative 2
(single collection facility option) are estimated at $4 million. This would
include land costs, administrative costs to acquire the lands, and a 20-
percent contingency factor. This figure does not include relocation expenses
or any damages to real or personal property as a result of this proposed
project. Real estate costs for the variation of alternative 2 (dual
collection facilities option) would be estimated at $5 million.
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(3) Schedule Information.

(a) Summary. 0
It was assumed this option would have schedule

requirements comparable to alternative 1 with a migratory canal conveyance
system. Thus, assuming that funds and resources are available when required,
it is estimated that from the date authorization and appropriation is granted,
it will take approximately 11 1/2 years to design and construct alternative 2.
Time required for biological research and preliminary engineering studies (see
paragraph 5.04.) is not included in this timeframe. Chart 2 presents this
same information in bar chart form.

(b) Additional Schedule Information Related to Upstream
Collection Facility Components.

Chart 1 shows summary information for different
upstream collection system components. For a low velocity, fixed-barrier
design (which would also be comparable schedule-wise to a floating platform
system), the time required for design and construction would range between
5 1/2 and 8 years for design flows ranging between 100,000 and 225,000 cfs,
respectively. Additional schedule information related to the upstream
collection facility (and variations in its design) is presented in paragraph
6.03.

(c) Additional Schedule Information Related to Pressure
Pipeline System Components.

Construction efforts for the pressure pipe
alternative would begin with a prototype test reach during the design stage of
the other reaches. The test reach would take approximately 3 years for pre
engineering and design studies, 1 year to acquire lands, 2 years to construct,
and 2 years to test. Evaluation of the system after completion would be
ongoing. The test reach would probably extend from an existing juvenile
collection bypass flume at one dam to an existing juvenile sorting, holding,
and loading facility at the tailwater of the next downstream dam.

Pre-engineering and design studies for other
pressure pipeline reaches would begin concurrently with the construction of
the prototype test reach, with land acquisition and construction occurring
over the next 8 years. Evaluation of the system after construction would be
ongoing.

The extensive scope of the construction of a
project of this magnitude would require the concerted effort of several
contractors to complete the project within the designated timeframe. Within
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any one reach, several segments of the alignment would be constructed
simultaneously. The construction sequence and schedule for this type of
construction project is not as complex as for other projects of similar cost,
since individual features of the system are not extremely complex and their
completion is not generally dependent on completion of the other features.

d. Alternative 3--Transport System with Single Primary Fish
Collection, Sorting, and Holding Facilities with Intermediate Additional
Collection.

(1) Project Description.

This alternative assumes a single upstream fish
collection system in the vicinity of Silcott Island; and provides for fish
collection, sorting, and transfer into existing barges where collected fish
would be transported downstream to below Bonneville Dam.

(2) Cost Information.

(a) Construction and Project Cost Summary.

The reconnaissance-level project cost and
construction costs are estimated to range between $256 and $362 million for
collection facility design flows ranging between 100,000 and 225,000 cfs,
respectively. Likewise, the reconnaissance-level, fully-funded costs are
estimated to range between $327 and $469 million for collection facility
design flows ranging between 100,000 and 225,000 cfs, respectively. [See
table 2, tables T-1O(a) through (c), and chart 2.] The project cost is based
on an October 1992 price level, and includes the required biological research,
feasibility studies, hydraulic model studies, feature design memorandums, and
plans and specifications are included as an estimated 25 percent of the
construction cost. Real estate costs (lands and damages) are included as an
estimated 20 percent of the construction cost. Construction management is
estimated at 15 percent of the construction cost. Contingencies used reflect
the anticipated level of construction risk, unknowns, and the level of design
detail available for this study.

(b) Operation and Maintenance Cost Summary.

Operation and maintenance costs are estimated at
approximately $5.1 million annually. (See tables 2 and T-12.) The
operational requirements for this alternative were determined through
consideration of requirements at similar facilities. Estimated detailed
operational requirements for each feature are shown on table T-13.
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(c) Additional Information Related to Upstream
Collection System Components.

Major features and costs for the upstream
collection facility are identified in table T-3. Additional information
related to variations of the upstream collection system concept is presented
in paragraph 6.03.

(d) Additional Information Related to Barge
Transportation Conveyance System Components: Cost Assumptions, Construction
Quantities, and Operations and Maintenance Costs.

Major features and costs for the barge transport
system are identified in table T-3. It was assumed existing barges would be
used to transport fish.

Because of the smaller construction areas involved
for this alternative (relative to the other options), environmental
mitigation, enhancement costs, and cultural resources costs were included in
the estimated construction cost and contingency [see tables. T-10(a) through T
10(c).].

(4) Schedule Information.

(a) Summary.

Assuming that funds and resources are available
when required, it is estimated that from the date authorization and
appropriation is granted, it will take from 5 1/2 to 8 years to design and
construct alternative 3 for collection facility design flows ranging between
100,000 and 225,000 cfs, respectively. Time required for biological research
and preliminary engineering studies (see paragraph 5.04.) is not included in
this timeframe. Chart 2 presents this same information in bar chart form.

(b) Additional Schedule Information Related to Upstream
Collection Facility Components.

Chart 1 shows summary information for different
upstream collection system components. For a low velocity, fixed-barrier
design (which would also be comparable schedule-wise to a floating platform
system), the time required for design and construction would range between 5
1/2 to 8 years for design flows ranging between 100,000 and 225,000 cfs,
respectively. Additional schedule information related to the upstream
collection facility (and variations in its design) is presented in paragraph
6.03.

0
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(c) Additional Schedule Information Related to
Transport System Components.

There would be no additional schedule time required
beyond the construction of the upstream collection facilities, since it is
assumed existing fish barges would be used to transport fish.

e. Alternative 4--Floating Pipeline System with Single Primary
Fish Collection and Sorting Facilities with Intermediate Additional Collection
and Pump Stations.

(1) Project Description.

This alternative assumes a single upstream fish
collection system in the vicinity of the Silcott Island site; and provides for
fish collection, sorting, and transfer into a floating open channel or
enclosed low pressure conduit for conveyance downstream to below Bonneville
Dam.

(2) Costs. V

(a) Construction and Project Cost Summary.

The reconnaissance-level project costs are
estimated to range between $789 and $856 million, depending on the design flow
selected for the collection system. Likewise, the reconnaissance-level,
fully-funded costs are estimated to range between $924 million and $1.0
billion, again depending on the design flow selected for the collection system
[see table 2, tables T-11(a) through (c), and chart 2]. The project cost is
based on an October 1992 price level, and includes the required biological
research, feasibility studies, hydraulic model studies, feature design
memorandums, and plans and specifications are included as an estimated 25
percent of the construction cost. Real estate costs (lands and damages) are
included as an estimated 20 percent of the construction cost. Construction
management is estimated at 15 percent of the construction cost. Contingencies
used reflect the anticipated level of construction risk, unknowns, and the
level of design detail available for this study.

(b) Operation and Maintenance Cost Summary.

Operation and maintenance costs are estimated at
$31.8 million annually (see tables 2 and T-12). The operational requirements
for this alternative were determined through consideration of requirements at
similar facilities. Estimated detailed operational requirements for each
feature are shown on table T-13.
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(c) Additional Information Related to Upstream
Collection System Components.

Major features and costs for the upstream
collection facility are identified in table T-3. Additional information
related to variations of the upstream collection system concept is presented

in paragraph 6.03.

(d) Additional Information Related to the Floating

Pipeline Conveyance System Components: Cost Assumptions, Construction

Quantities, and Operations and Maintenance Costs.

1. General

Major features and costs for the floating

pipeline conveyance system are identified in table T-3. Pipeline lengths are

assumed to be comparable to lengths shown on tables T-1 and T-2, shown for the

migratory canal alternative.

As was the case for alternatives 1 and 2,
several costs were considered above those needed solely for an upstream
collection system. Fish and wildlife facilities costs were assumed to be 5

percent of the construction cost, and cultural resource preservation costs

were assumed to be 1 percent of construction cost. Tables T-11(a) through T
11(c) include environmental and cultural resource mitigation costs.

Additional discussion related to environmental mitigation, enhancement costs,

and cultural resources would be comparable to previous information presented

in paragraph 6.02.b.(2)(c) with alternative 1.

2. Real Estate.

Real estate requirements are considered minimal

compared to alternatives I and 2 (migratory canal and pressure pipeline

systems), because most of the pipeline system would be within the river. It

was, therefore, decided to use the comparable real estate costs (lands and

damages) assumed for alternative 3 (transport system).

(3) Schedule Information.

(a) Summary.

It was assumed this option would have schedule

requirements comparable to alternative 2 with a pressure pipe conveyance

system. Thus, assuming that funds and resources are available when required,

it is estimated that from the date authorization and appropriation is granted,

it will take approximately 11 1/2 years to design and construct alternative 2.
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Time required for biological research and preliminary engineering studies (see
paragraph 5.04.) is not included in this timeframe. Chart 2 presents this
same information in bar chart form.

(b) Additional Schedule Information Related to Upstream
Collection Facility Components.

Chart 1 shows summary information for different
upstream collection system components. For a low velocity, fixed-barrier
design (which would also be comparable schedule-wise to a floating platform
system), the time required for design and construction would range between
5 1/2 and 8 years for design flows ranging between 100,000 and 225,000 cfs,
respectively. Additional schedule information related to the upstream
collection facility (and variations in its design) is presented in paragraph
6.03.

(c) Additional Schedule Information Related to Pressure
Pipeline System Components.

Construction efforts for the floating pipeline
alternative would begin with a prototype test reach during the design stage of
the other reaches. It was assumed that a test reach would take approximately
6 years for pre-engineering and design studies, construction, and testing.
Evaluation of the system after completing would be ongoing. The test reach
would probably extend from an existing juvenile collection bypass flume at one
dam to an existing juvenile sorting, holding, and loading facilities at the
tailwater of the next downstream dam.

Pre-engineering and design studies for other
pressure pipeline reaches would begin concurrently with the construction of
the prototype test reach, with construction occurring over the next 8 years.
Evaluation of the system after construction would be ongoing.

The extensive scope of the construction of a
project of this magnitude would require the concerted effort of several
contractors to complete the project within the designated timeframe. Within
any one reach, several segments of the alignment would be constructed
simultaneously. The construction sequence and schedule for this type of
construction project is not as complex as for other projects of similar cost,
since individual features of the system are not extremely complex and their
completion is not generally dependent on completion of the other features.
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6.03. UPSTREAM COLLECTION SYSTEM COMPONENTS--ADDITIONAL COST AND SCHEDULE

INFORMATION. C)
a. General

Schedule and cost information for upstream collection system

concepts were developed based on designs presented in paragraph 5.03. Because

of the preliminary nature of these designs, cost and schedule data should only

be used to make relative comparisons between concepts described in this

report.

Costs and schedules were developed assuming a single upstream

collection system located downstream of Lewiston, at the Silcott Island site

on the Snake River. Dual collection systems located upstream of Lewiston, or

a single collection system located downstream of Lewiston (at a location other

than the Silcott site), would have somewhat comparable design and construction

schedules. However, site-specific considerations could significantly effect

schedules and costs. It was also assumed for this analysis that fish would be

loaded into a fish transport conveyance system rather than a lift system

leading to a canal or pipeline conveyance system. The fish barge lowering

lock component needed to use existing fish barges would actually be more

expensive than the lift system needed to get fish into other types of

conveyance systems (see table T-12).

Two schedules and cost estimates were developed (100,000 and

160,000 cfs fish collection design flows) for each low velocity concept. An

additional concept for the bridge/fixed-barrier system was evaluated, assuming

a 225,000 cfs fish collection design flow. These designs also allow for

passing a 420,000-cfs SPF by removing barrier devices during high flow

periods.

One schedule and cost estimate was developed for each high

velocity concept, assuming a 160,000-cfs fish collection system. Separate

schedules and costs for a 100,000-cfs fish collection system were not

developed, since it was assumed this design would be comparable in magnitude

and costs to a 160,000 cfs design because overall sizes for both systems would

require comparable facilities to pass a 420,000-cfs SPF.

b. Fully-Funded Construction and Project Costs.

Information below, and in chart 1, indicate fully-funded

construction and project costs for the different concepts. These costs are

considered very preliminary, and are only intended to provide magnitude

comparisons between options. Costs related to potential biological and

engineering research have not yet been developed.

0
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FU.:yFun4ed
Concept Construction

Costs
Low_Velocity_Concepts

____________________

A--Floating platform/moving barrier system
Fish collection design flow = 100,000 cfs $241,664,000
Fish collection design flow = 160,000 cfs $335,635,000

B--Flow control/fixed barrier system
Fish collection design flow = 100,000 cfs $1,175,555,000
Fish collection design flow = 160,000 cfs $1,239,616,000

C--Bridge structure/fixed barrier system
Fish collection design flow = 100,000 cfs $240,182,000
Fish collection design flow = 160,000 cfs $327,820,000
Fish collection design flow = 225,000 cfs $382,345,000

High Velocity Concepts
D--Skimmer/submerged standard screen system $873,195,000
E--Skimmer/extended screen system $891,986,000
F--Vertical slot (flow control/modular

inclined) $982,292,000

c. Schedule Information.

(1) General.

The information below describes tentative research,
design, and construction schedules for the different concepts. Basic
assumptions made to develop the schedules are also discussed. Chart 1
presents this same information in bar chart form.

(2) Feasibility Studies.

Biological research and preliminary engineering studies
(see paragraph 5.04.) will need to be completed prior to the construction of
any upstream collection system. The present schedule for the CRSMA calls for
evaluating possible plans (reservoir drawdowns, system improvements, etc.),
for an unspecified time, that might be used to improve fishery conditions.
Biological research and preliminary engineering studies could be completed
during this time to answer major questions related to an upstream collection
system.

6-15



(3) Feature Design Memorandums and Plans and Specifications.

It was assumed, for all concept designs, that feature
design memorandums could be completed in 1 year, and plans and specifications
could be completed in 1 1/2 years.

assumptions:

(4) Construction.

Construction schedules were developed with the following

0

(a) Cofferdam placement and removal, in addition to
other major in-water work, can only be completed in work windows during August
and September and from December through March.

materials).
(b) Unlimited resources (manpower, money, and

The estimated time require to construct the different
concept designs are as follows:

B--Flow
Fish
Fish

C--Bridge structure/fixed
Fish collection design
Fish collection design
Fish collection design

barrier system
flow = 100,000
flow = 160,000
flow = 225,000

3 years
4 1/2 years

9 years
12 1/2 years

3 years
4 1/2 years
5 1/2 years

Construction
Concept Time

Low Velocity Concepts
A--Floating platform/moving barrier system

Fish collection design flow = 100,000 cfs
Fish collection design flow = 160,000 cfs

control/fixed barrier system
collection design flow = 100,000 cfs
collection design flow = 160,000 cfs

c fs
c fs
c fs

High Velocity Concepts
(NOTE: Fish collection design flows =

100,000_and_160,000_cfs)
D--Skimmer/subnierged standard screen system 8 years
E--Skimmer/extended screen system 8 years
F--Vertical slot (flow control/modular

inclined) 8 years

0
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(5) Post-Construction Evaluations.

The testing of completed facilities will be required to

evaluate new systems for proper operation. It was assumed this would be an

ongoing process, with no specific completion time.

Table 2

Annual

Operation

Fully- and

Project Alternatives Project Funded Maintenance

Costs Costs Costs

Alternative 1 - Migratory Canal with Single Primary

Fish Collection, Sorting, and Lift Facilities with

Intermediate Additional Collection $4.3 billion $5.5 billion $9.5 million

Alternative 2 - Pressure Pipeline with Single

Primary Fish Collection, Sorting, and Lift Facilities

with Intermediate Additional Collection $4.0 billion $5.1 billion $9.5 million

Alternative 3 - Transport System with Single

Primary Fish Collection, Sorting, and Holding $257 to 362 $327 to

Facilities with Intermediate Additional Collection million 469 million $5.1 million

Alternative 4 - Floating Pipeline with Single Primary

Fish Collection and Sorting Facilities with $924

Intermediate Additional Collection and Pump $789 to 856 million to

Stations million $1.0 billion $31 .8

million
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 7 - ENVIRONMENTAL EFFECTS

7.01. ANADROMOUS FISH.

a. General

Designs currently engineered for upstream collection with
conveyance systems other than barge transportation are new and untested. An
upstream collector structure would employ technology that has not been
previously used, or is based on the modification of current collector designs
on a scale that would have to be extrapolated above that for any collector
currently operated or designed. One design advantage afforded to a new
upstream collector is its independence of the powerhouse operational and
structural constraints that have influenced the design of current collection
and bypass systems at the lower Snake River darns. In concert with expanded
knowledge of salmonid behavior acquired since original collector and bypass
designs, this independence from powerhouse constraints would allow more
directed effort toward a biologically-functional design.

The success of any upstream collection concept would be highly
dependent on the biological success of the fish transport program currently
operated for all Snake River salmonid stocks. Transportation of juvenile
salmonids has been under study for 20 years, although aspects of the
beneficial effects across the life cycle for certain stocks continue to be
contested. The National Marine Fisheries Service (NMFS) research on the
transportation program measures the effects of transporting juvenile salmonids
through the mainstem Snake and Columbia River hydrosystem by the calculated
Transport Benefit Ratio (TBR) between in-river control fish and those fish
transported in barges. The results for the 1986 and 1989 releases are
considered the most representative of the hydrosystem’s current operation and
structural configuration, and suggest that transportation is beneficial in
returning averages o f60 to 150 percent more adult spring Chinook salmon to
Lower Granite Darn, and averages of 140 to 180 percent more adult fall Chinook
salmon to McNary Dam.
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The Salmon Recovery Team, designated by NMFS, believes that in
order to increase the survival of migrating smolts from the Snake River Basin
to near that of pre-dam levels will require either improved collection and
transport of smolts around the mainstem dams or a system-wide drawdown to a
near-natural river condition. Bother of these large-scale alternatives
consist of very high biological uncertainty. The Recovery Team suggests that
improved collection and transport of smolts would likely require the use of an
upstream collector located at the top of the Lower Granite reservoir, for
which a design would be new and unproven; while a Snake River drawdown to
riverbed would take up to 17 years to implement, and could result in near
constant river disturbance throughout the mainstem as a consequence of the
required construction activities. The Recovery Team members report that, if
the primary objective is to deliver the maximum number of live smolts to some
point below Bonneville Dam or into the estuary from the top of the Lower
Granite reservoir, improved collection and transport of smolts around most of
the Snake and Columbia River dams is the most reasonable alternative (from a
biological perspective) for increasing smolt-to-adult survival, at least for
the near term until a long-term strategy can be designed. The Recovery Team
realistically considers the definition of transport mortality as mortality
that directly occurs during transit in the barge (e.g., barging mortality),
rather than the additive indirect mortality attributable to individual fish
conditions that may lead to mortality after the individual fish exit the barge
and are exposed to the estuarine conditions. Progress toward recovery needs
to be started immediately. Recovery actions, such as the drawdown of all four
Snake River reservoirs to near-natural river conditions, would have no
immediate benefits, because implementing such a scenario would take too long.
For these reasons, the Recovery Team recommended improved collection and
transport as the most timely and flexible alternative that is near equal,
biologically, to the expected benefits of a four-pool drawdown to near-natural
river conditions. The Recovery Team considers the new upstream collector as a
long-term action that would not be fully operational until the year 2006,
following a design phase based upon adequate testing of modifications for fish
behavior and passage efficiency components.

b. Upstream Collection Facilities and Barge Transport.

A low velocity guidance/collection facility located near the top
of the Lower Granite reservoir for the collection, tagging, and subsequent
transport of migrating smolts to the lower Columbia River has several
potential advantages. These advantages include: 1) the collection of many
sniolts that get disoriented and delayed in the Lower Granite reservoir before
reaching the dam, due to inadequate migrational cues; 2) the removal of smolts
from less than optimal reservoir conditions, where predator activity is

0
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assumed to be substantial; and 3) a reduced need for flow augmentation, which
continues to be a real concern with the region’s unproven, although
coordinated ability to store enough water volume and then efficiently shape
and pass that volume for any measurable benefit to downstream migration.

A low velocity designed upstream collector would address the
concern posed by many biologists in the region that turbine intakes at the
dams offer inhospitable environments for the collection and bypassing of
juvenile salmonids. Hydroacoustics have shown that the migrational
distribution of the smolt population through a reservoir is vertically
oriented within the upper 20 feet of water. Smolts are forced down
vertically, by flow conditions, 80 (McNary Dam) to 100 (Snake River dams) feet
deep into a turbine bay, where they are intercepted by a screen. Many parties
favor alternatives tot he total reliance on the current turbine intake
collectors for biological and stress-related reasons. A surface-oriented
collector, located upstream in the Lower Granite reservoir, that could be
designed specifically for salmonid smolt collection without any powerhouse
constraints imposed upon the design could be such a beneficial alternative, as
long as the biological needs of the respective listed salmonid stocks are
fully incorporated into the collector design and evaluation.

A low or high velocity guidance/collection facility located near
the top of the Lower Granite reservoir also has several potential negative
attributes, and relies upon certain assumptions that need to be clarified by
additional research. An upstream collector is viewed as beneficial, based
upon the assumption that reservoir mortality due to predator activity is high
and in-river passage conditions in relation to flow are poor or suboptimal at
best. Feasibility work performed by NMFS on reach survival of spring Chinook
salmon in the Lower Granite reservoir in 1993 provides limited data which
indicates that reservoir mortality could be dramatically lower than previously
estimated. If continued work planned for future years can be performed across
a representative set of low and high flow year conditions, and the results can
be developed into a similar low reservoir mortality trend with some degree of
confidence, the potential system survival benefits estimated for the upstream
collector concept would be diminished. In that event, resources could have
been better spent on other proposed alternatives (e.g., surface-oriented
collector constructed in unison with the current submerged screen collectors
used at the Snake River dams).

Critical research and site monitoring would have to determine
the most appropriate location for constructing an upstream collector facility.
The entire niainstem passage corridor is designated by NMFS as critical habitat
for spring/summer and fall Chinook salmon. High velocity sites positioned
outside of the Lower Granite reservoir would be too complex and costly
ecologically to salmon and native anadromous species. Low velocity sites
would be less costly, both ecologically and biologically. The demonstration
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site at Silcott Island is a good location selection for engineering purposes,
but not for biological reasons. The need for extensive dredging would convert
limited fall Chinook salmon shallow water rearing habitat to deep water
habitat not directly used by any fish species under minimum operating pool or
full pool operations; result in poor water quality conditions attributable to
increased and/or prolonged suspended sediment resuspension; and may partially
block the spawning access of gravid steelhead to historical Alpowa Creek redd
habitat. All potential sites possess similar ecological and population effect
tradeoffs, suggesting that site selection would be difficult. A general rule,
determined by analytical modeling of salmonid survival through the
hydrosystem, suggests that the closer a collector is constructed to Lower
Granite Dam, the less the resultant benefit, as computed by transport survival
and TBR estimates.

If the upstream collector could be operated for fall Chinook
salmon, as presently assumed by the Recovery Team and others, the structure
may act efficiently in removing very young subyearlings that are not
physiologically ready to migrate, and require a period of time within the
Lower Granite reservoir for rearing (Bennett et al., 1993; and Curet, 1993).
The analytical models currently used cannot adequately capture such an effect
attributable to the uncertainties associated with subyearling behavior and
physical/physiological conditions outside of assumed relationships for direct
passage parameters. In order to optimize conditions for Snake River fall
Chinook salmon, the collector systems at Lower Granite and Little Goose Dams
would need to be fully operational at the time of initiation for subyearling

outmigration and adequate in-river passage conditions through the Lower
Granite and Little Goose reservoirs would need to be determined and
maintained.

The Recovery Team requested that the regional modelers explore a
scenario incorporating an upstream collector constructed at the top of the
Lower Granite reservoir. The Recovery Team requested that the upstream
collector be assumed to operate at a fish guidance efficiency (FGE) of 95
percent for all stocks of Snake River salmonids, and that all fish collected
be transported to the lower Columbia River under a high TBR (at least equal to
the average estimated by NMFS for the McNary studies for fall Chinook salmon

and the Lower Granite/Little Goose studies for spring Chinook salmon) with no
collected fish returned back to the river. Given the uncertainty in the

actual ability to efficiently collect 95 percent of the entire Snake River

outmigration, the resulting system survival would depend almost entirely on

the assumed transport survival. However, the 95-percent collection efficiency

specified by the Recovery Team is higher than that estimated, based upon

research, for any existing system. Estimates of FGE for Chinook passing

existing dams range from 20 to 47 percent for fall Chinook salmon, and 37 to

72 percent for spring Chinook salmon. Because of the assumed high FGE for the

upstream collector, it was assumed that no transportation would be needed at
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the collector dams currently in place on the Snake River. McNary would
continue to transport. The modelers cautioned that there is no direct
information on the benefits of transporting fall Chinook from the Snake River,
and assumed that benefits are derived from studies conducted at McNary Dam
from the population at large. This population disproportionately consists of
Columbia River fall Chinook salmon, with few Snake River fall Chinook salmon
believed to be mixed within the population. The TBR’s from the McNary studies
suggest that, on the average, transport results in at least 140 percent more
adults returning then the numbers of fish left to migrate in-river as
juveniles. Because of the lack of transport studies for Snake River fall
Chinook salmon from Lower Granite or Little Goose Dams, the uncertainties
associated with the effectiveness of transportation are far greater for fall
Chinook salmon than for spring Chinook salmon at Little Goose for 1986 and
1989 (Matthews et al., 1991). This results in assuming a proportionally
higher transport benefit assigned to the new upstream collector if it is
located at the top of the Lower Granite reservoir. This is likely true for
spring Chinook salmon but, for Snake River fall Chinook salmon, an alternative
interpretation could be equally likely: increased straying, disease, or other
compensatory fish viability problems could result in a lower transport benefit
estimate attributable to the selected site and its geographical distance from
the release point. The estimated bypass mortalities used for the current
bypass structures at the current Snake River collector dams were assumed to be
equal for the new collector structure. No effects or impacts attributable to

( ) the actual construction of the structure were accounted for or estimated.
Construction impacts, including their modification of the flow patterning,
could be substantial if not adequately managed with biological criteria.

Modeling for the Recovery Team was accomplished by the three
dominant modeling parties within the region using the juvenile mainstem
passage models only. A full effects analysis would require revised passage
model survival estimates incorporated into the respective life-cycle models,
since a full evaluation of an upstream collector is dependent on the
assumptions for transport survival and TBR’s. The juvenile mainstem passage
models used within the region [Columbia River Salmon Passage (CRiSP) 1.4,
Passage Analysis Model (PAM), and Fish Leaving Under Several Hypothesis
(FLUSH)] are all highly sensitive to the transportation survival parameter
values. Assumptions about the effectiveness of transportation (TBR’s) are
incorporated into their simulations that estimate juvenile system survival for
the respective Snake River salnionid stocks migrating from the top of the Lower
Granite reservoir to below Bonneville Dam. Transport survival is generally
estimated, based on modeled in-river survival and an assumed post-release
mortality factored in, using return ratios of transported and control groups
of juvenile salmonids. Considerable uncertainty has led to disagreement
regarding the effectiveness of transportation, particularly for returning wild
adult Chinook salmon. Uncertainty about transportation effectiveness is
typically addressed by using alternate transport submodels that reflect
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different data interpretations, and assumptions forwarded by the respective
modeling parties. Although some model structure, data interpretation, and
assumption derivation differ between the model groups, the ranking of
alternatives between respective alternatives and the associated uncertainties
related to the accuracy of assumptions are similar when the parameter inputs
and assumptions for transportation are standardized between models for
sensitivity comparisons (Cullinan, 1993; and NMFS Recovery Team, 1993).

System survival estimates for the state and tribal fishery
agencies’ Fa11FLUSH sensitivity analysis increased over the base case by 445
to 549 percent for low flow years modeled, depending on the transport survival
assumption. System survival estimates for the state and tribal fishery
agencies’ SpringFLUSH increased over the base case by 130 to 132 percent for
low flow years, whereas the Northwest Power Planning Council’s (NPPC) PAM
results in about half of the estimated increases of 61.2 to 62.8 percent for
low flows when compared to SpringFLUSH. Because the modeled transport benefit
is assumed by FLUSH to decrease at high flows for both Chinook stocks, the
benefit of an upstream collector decreases at higher flows but remains greater
than that of the current condition (1992 to 1993) base case to which it was
compared. The SpringFLUSH shows improvements in survival cf 11.1 to 44.7
percent above the base case during high flow years, whereas PAM indicates that
a -9.4-percent decrease from the base case condition occurs when
transportation is assumed to be less effective (e.g., transport survival of
transport survival of transported fish declines with declining flow volumes
for a specific year).

The CRiSP 1.4 model results for the Recovery Team’s requested
assumptions for a new upstream collector located in the Lower Granite
reservoir indicate that such a structure with 95-percent FGE resulted in the
highest benefit to juvenile fall Chinook salmon survival. The estimated
benefit to spring Chinook salmon was positive, but not as great as with a
major drawdown to river level. Drawdown to a near-natural river level with no
transportation gave the highest survival for spring Chinook salmon, but
lowered fall Chinook salmon survival compared to current (1992 to 1993)
operations. These results contain considerable uncertainties. Differences in
model assumptions and choices of parameters may alter the outcomes and the
identification of the best conditions. As previously addressed, a high degree
of uncertainty is evident for fall Chinook salmon in these model runs,
principally because the outcome is dependent on release date for the
subyearling population distribution (which defines fish age and physiological
readiness to migrate). The outcome is independent of the subyearlings
physiological or behavioral need to rear in shallow water habitat located
downstream of the collector in the Lower Granite reservoir. Conclusions on
the upstream collector concept are based upon there being no adverse effects
greater than those effects caused by current collection and bypass systems in
place at Snake River dams. An upstream collector located near Lewiston,
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Idaho, in the Lower Granite reservoir, yielded estimated juvenile survival

(‘s)
benefits (increases) or 19 percent for high flow years to 31 percent for low
flow years for spring Chinook salmon; and increased benefits of 78 percent for
high flow years to 181 percent for low flow years for fall Chinook salmon from
the top of the Lower Granite reservoir to the Columbia River estuary.

A subsequent sensitivity analysis was performed for the single
and dual upstream collector options, using the CRiSP 1.4 juvenile mainstem
passage model with incorporation of the parameter value estimates and
assumptions consistent with the System Operation Review. Probable FGE ranges
and bypass mortality estimates were assumed to gauge the estimated system
survivals against the base case, using 1991 to 1992 hydrosystem operations and
the current transport system. It was determined that an upstream collector
near the top of the Lower Granite reservoir would need to achieve an FGE equal
to or above 75 percent, while maintaining an estimated 2-percent direct bypass
mortality for spring Chinook salmon, to surpass the survival provided by the
base case operation. Survival estimates for the dual collector are similar
when like parameter values and assumptions are used (FGE estimates and 2-
percent bypass mortality). The conveyance system needed for the dual
collectors for transporting fish at least down to the current Lower Granite
transport facilities would realistically contribute a higher mortality factor
associated with stress. This additional mortality would likely be indirectly
applied, and is only conjectural at this point in time. However, it was
assumed to be 20 percent for defining some bounds for modeling purposes. It
is evident that any additional mortality attributed indirectly to stress or
directly, through contact with conveyance materials, would be accounted for in
the juvenile system survival estimate. This sensitivity analysis suggests
that, if the upstream collector concept is to be advanced, adequate research
through prototype modeling in in-river conditions should be performed to
determine that an FGE of 75 percent and bypass mortalities of less than 5
percent can initially be achieved before such a collector can be implemented
for fish passage.

c. Upstream Collection Facilities and Migratory Canal, Pipeline, or
Floating Conduit.

The analytical models used within the region for juvenile
maintstem passage and life cycle of Snake River salmonids are not currently
designed to incorporate any conveyance system other than transportation.
Therefore, any modeling attempt would be totally speculative since those same
assumptions made for model parameters would be reflected in the evaluation
with or without the models. These conveyance options have received various
critical reviews by regional technical groups such as the TAG. The TAG
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expressed a considerable amount of concerns with reliance on such untested
artificial conveyance system designs. Primary concerns that are common to all
of the currently proposed options are both biological and ecological. They
include the following:

• The human ability to artificially replicate natural
ecological processes and biological conditions that are functionally
interacting to the degree exhibited naturally (i.e., resting ponds/areas, and
temperature and flow regulation). Not enough information is currently
available to determine the general needs of salmonids and their interactions
with such parameters in the natural system, so it cannot be acceptable to
attempt to define the precise attributes of such parameters in a manner
resolute enough to allow artificial replication.

• The mechanical complexity of each proposed apparatus, and
their synchronized operation, would require constant maintenance.

• In the low probability event that a means can be devised to
artificially replicate the natural passage system into a piping or canal
system, the need for adequate safe and efficient passage within the river
system would not diminish or be considered mutually exclusive in any manner.
It is not proposed to provide artificial passage for adult salmonids returning
from the ocean and transiting upstream to their natal spawning areas.
Therefore, adults would need good river conditions for their passage. Good
in-river passage conditions would also have to be maintained as a backup
passage system for smolts, in the event of a system failure in the canal or
pipeline systems.

• Each option would require either some mechanical means of
lifting the fish into the channel, or a pumping/fanning system to move the
fish. All known lifting and pumping systems have some mortality associated
with their operation due to physical damage to fish tissue from impingement,
blade strikes, pressure changes, rubbing, or a combination of these potential
factors.

• Exclusive increased concentration of salmonid smolts through
a closed system would act to separate smolts from their natural food sources
and diversity in their food items. The hatchery component of the outmigration
could potentially be maintained on supplemental food, but the wild fish
component would be suppressed in growth and fitness at a greater level.

• Increased concentrations of salmonid smolts would be highly
vulnerable to inescapable stress-related factors such as disease outbreaks and
manifestations, predator invasion (including predation by larger steelhead
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smolts), increased inter- and intraspecies competition, and mechanical failure
or accidents that would act as catastrophic events and potentially be
detrimental to small population genetic fitness and viability.

. The water supply required to operate the canal or pipeline
system optimally would have to be partitioned from the mainstem river or an
upstream source (e.g., the Dworshak reservoir). This option would diminish
the available flow required for adult salmonids migrating upstream, as well as
for those native resident fish species considered to be flow dependent (e.g.,
white sturgeon).

The conveyance options would allow for the operation of separate
collection facilities located on the Snake and Clearwater Rivers upstream of
the Lower Granite reservoir. Benefits attributable to this dual collector
scenario are hindered by their locations, because river conditions at sites
outside of the Lower Granite reservoir do not currently allow for barge
access. They must rely upon either canal, pipeline, or tunnel conveyance
systems that would likely contribute to negative effects on salmonid survival
and viability, as listed above. The dual collector scenario would have to
employ one of the designs for a high velocity collector requiring the
construction of new dams for flow/velocity control. New dams, even if
designed especially for salmonid passage, would not be biologically,
ecologically, or regionally acceptable as a means of providing improved
passage conditions for weak salmonid stocks, based upon past technologies and
system operations. Modified flow characteristics that reduce water velocity
would likely create additional predator habitat conditions, particularly for
native squawfish that are evolutionarily adapted to higher velocity conditions
that were more prevalent during the historic natural river. This would act as
an additive cumulative effect on top of the assumed predator impacts occurring
throughout the mainstem system.

The free-flow reaches of the Snake River above the Lower Granite
reservoir are currently suitable spawning and rearing habitat for fall Chinook
salmon and white sturgeon, while the soft substrate habitats are used by
lamprey. White sturgeon typically do not pass the current Snake River dams by
disproportional use of the adult salmonid ladders. Rather, they prefer the
navigation lock systems. This behavior has resulted in the fragmentation of
their historical distribution and movements. Adult lamprey will pass the dams
via an adult salmonid ladder system, but typically use the navigation locks as
well, because of their partial dependence on their host’s preferred route of
passage. Building a fixed dam-like structure with no open, flow-through
sections would have negative effects on fall Chinook salmon and white sturgeon
production through increased delay and spawning and rearing habitat removal in
an area of the mainstem system that is already considered a last refuge area
for these populations. High velocity designs also accentuate the problem,
often encountered at dams, of debris accumulation and removal. The best way
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to trap debris, in accordance with current technologies, would be through the
consistent use of a boom-and-trash-rack system located far upstream of the
collector. Such a structure would act as an added barrier to both juvenile
and adult migrating salmonids. These potential problems would occur for any
upstream collector option, but the magnitude of the potential effect would be
commensurate with the local conditions of the site selected. Floating
collector designs would offer the most biologically- and ecologically-
compatible option, in that the structure could be flexible to inter- and
intra-annual river conditions by the design of a transportable screening
apparatus that can be moved to more optimal locations. The bottom should
remain open below a depth of 35 to 40 feet to allow unrestricted passage for
white sturgeon and adult salmonids, while not retarding sediment distribution
and directly removing habitat suitable for fall Chinook salmon spawning and
rearing.

7.02. RESIDENT FISH.

One concern of the upstream collection system is that operational
conditions designed for the collection of juvenile salmonids may adversely
impact populations of resident fish. Existing data from the Lower Granite
Sedimentation Study, and other research efforts on resident fish in the Lower
Granite reservoir, are being analyzed to evaluate the potential impacts to
such a system. The assessment will emphasize life-stage timing and
distribution of important resident fish versus operational aspects of the
facility. Life stages considered will include adult spawning, juvenile
rearing, and migration. Distribution of important species during different
life stages is important because many resident fish migrate throughout the
reservoir, or move back-and-fort from the reservoir to the free-flowing
sections of the lower Snake River. Potential impacts of the screening system
on resident fish include: 1) fish impingement on the screens; 2) mortality
during the collection and transport of salmonids; and 3) delays and/or
barriers to fish movement.

7.03. TERRESTRIAL ECOLOGY.

a. General

The most obvious, and among the most important, effects of the
migratory canal alternatives is the potential damage to various wildlife
species and associated habitat along the route of the canal. The barge
alternative would be unlikely to impact wildlife habitat. Damage from
construction of the canal alternatives could come from a variety of project
related mortality factors (poaching, drowning, blasts, etc.), soil erosion and
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associated habitat reduction, direct habitat destruction, primary and
cumulative interruption of migratory pathways, and invasion of competing
species and/or disease. Other particularly important areas of concern include
damage to wetlands, water quality, and aesthetics.

b. Wildlife and Habitat.

The migratory canal alternative would replace existing natural
habitat with manmade structures, could constitute a trapping hazard to some
wildlife populations, and would impose a migratory barrier. Staging areas and
borrow pits would also result in the direct destruction of habitat. Several
aspects of the canal alternative raise migratory concerns. The canal project
may cause a new barrier where there is none, and it may have a cumulative
effect where there is already one or more impediments (road and/or railroad).
Effects may differ according to the time of day and season. Even where the
canal does not constitute an impassable barrier, it may have a directing or
channeling effect that may make some species more vulnerable to predation.

New habitat will be created that will be suitable in some cases
for a new mix or emphasis of species, particularly small animals and birds.
For example, sparrows, swallows, and starlings may be attracted to the
elevated portions of the channel. Leakage and the resting ponds will provide
new riparian vegetation. This latter aspect is one that, with good planning
and direction, could be a desirable spin-off of this project. Diversity of
habitat can probably be increased, but detailed and specialized study and
designs will be requisite. Construction staging areas, roads, and borrow pits
will destroy soils as well as vegetation and habitat. Restoration will
require the replacement of topsoil prior to planting. Finally, the canal will
spilt existing habitats into smaller units.

c. Endangered Species.

There are several bald eagle and peregrine falcon nests along
the route of the channel proposed for the migratory canal alternatives (e.g.,
in the cliffs directly above the Columbia River just east of Rufus, Oregon).
There is no immediate evidence that any species of concern would be adversely
impacted, but biological consultations and assessments pursuant to the
Endangered Species Act would be required.

d. Wetlands.

There are likely adverse wetland/riparian impacts associated
with the canal alternatives, because the alignment will cross wetland areas
within the Columbia River floodplain and will also likely cross numerous small
and not-so-small tributaries (with their associated wetland/riparian areas) to
the Columbia. Primary, secondary, and cumulative impacts are likely to be
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substantial, given the length of the project. Many of these wetlands are
situated in a critical part of the landscape (these wetlands (adjacent to the
river, are interactive with the hydrologic regime of the Columbia and Snake
Rivers, and are sites for wildlife breeding and fish protection, as well as
nutrient cycling). Also, hydrologic regimes in the arid part of the project,
that are fragile, will be at risk.

e. Invasive Vegetation.

The migratory canal will provide a transportation corridor for
invasive plant species (i.e., purple loosestrife, Russian olive, and yellow
flag). A vigorous invasive-species monitoring and corrective-action program
should be incorporated into the proposed project.

7.04. CULTURAL RESOURCES.

All construction activity for fish collection facilities, barge
loading facilities, elevated flumes, excavated canals, and fish resting ponds
have the potential to affect significant prehistoric cultural resource sites
or historic properties related to early Euroamerican exploration and
settlement. Most sites that would be impacted are not now known because the
fish migratory canal alignment lies predominantly outside existing pooi areas
that have been covered by prior cultural resource inventory studies. Whereas
the total inventory of sites is estimated to be substantially fewer than
recorded for the floodplain bars, some kinds of sites (especially burials) are
highly sensitive to regional Native American groups, and are estimated to be
common for this project. A Programmatic Agreement for cultural resources
would have to include several complex and costly elements; such as a
methodology for complete archaeological and historic survey of the project
area, evaluation of identified finds based on their potential eligibility for
the National Register of Historic Places, appropriate mitigation for
unavoidable adverse impacts, and the curatorial disposition and location for
all finds made. The high potential for disclosing still more unmarked
ancestral graves of local Native American groups also dictates a prearranged
plan of action for these finds that has been coordinated with the tribes.
Since the extent and kinds of mitigation for cultural resources are the result
of a consultative process (36 Code of Federal Regulations, Part 800), and
lacking specific information regarding the numbers, types, and locations of
affected cultural resource sites, it is not appropriate to attempt to address
potential project effects on cultural resources until inventory surveys and
site evaluations have been completed.
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7.05. OTHER.

a. General

The collector is a necessary feature of the migratory canal if
increased transportation is desired. However, the upstream collector
facilities and migratory canal alternatives present many unproven
technological ideas. While current approach-velocity criteria were used in
the initial design, these criteria were established from much smaller
screening devices (2000 cfs maximum), with short exposure times for fish.
Given the estimated screen length, current approach-velocity criteria may be
unsuitable.

Debris and sediment would be major problems with a facility of
this size. Existing screening systems passing a few thousand cfs in protected
situations have severe debris problems. Even with the upstream removal of
large debris, smaller debris would concentrate in the collector/separator due
to the 0.125-inch wedgewire mesh. This debris accumulation would be channeled
into the collection facilities, resulting in probable fish-handling stress and
survival concerns. Current fish separator technology may be unusable under
these kinds of debris loads. There is evidence of these problems at some
existing fish separators during high debris-load periods.

Sediment in the vicinity of the proposed facility site could be
a major problem during periods of higher flows. Current information from the
recent reservoir drawdown test shows areas of sediment deposit and sediment
erosion near the site. The alterations of flow patterns at the facility would
probably cause sediment deposition.

The ability to maintain desired water velocities through the
screen with changes in river flow, wind/wave action, and debris-sediment load
are major concerns with this significant extrapolation of current technology.
The flow conditions and patterns created upstream of this facility would also
be favorable for concentrating predators.

If the upstream collector is to be considered further, design
concepts addressing these concerns would need to be developed. Existing
technology might be considered (e.g., the dam configuration at the Wells
project, which collects a high percentage of outmigrants and a relatively
small percentage of river flow).

An upstream collection facility would be a barrier to the
upstream movement of resident fish (white sturgeon, in particular) that move
up the Snake River from the Lower Granite reservoir to spawn. Downstream
movement of fish entering the reservoir for rearing would also be affected,
although resident fish could presumably be sorted and returned to the river.
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The dredging required for the bypass channel at the Silcott
Island site would convert shallow water to deep-water habitat. The side ()channel at Silcott Island is presently a productive rearing and spawning
habitat for resident fish. Dredging would eliminate these values. Major
dredging would not be required at the sites on the Clearwater River and the
Snake River above the confluence.

The side channel at Silcott Island is currently excellent
habitat for aquatic furbearers, waterfowl, and wading birds, because shallow-
water emergent wetland and riparian habitats are present, and because of the
proximity of the site to the Chief Timothy Habitat Management Unit. Shallow
water and emergent wetlands would be lost if the side channel was dredged,
with a concurrent loss of wildlife value. Also, disturbance from human
activity at the site would likely increase, further reducing wildlife value.
Losses of wildlife habitat at the other proposed sites, beyond losses directly
resulting from facility construction, are likely to be minimal. These
facilities may also block furbearer movement, particularly river otter, in the
river. The concentration of fish at these facilities may also attract river
otters, which may then have to be trapped to reduce predation.

b. Water Quality.

Decreased dissolved oxygen levels, nitrogenous waste buildup to
toxic levels, and waterborne pathogens are potential impacts that will need to
be evaluated and controlled for all of the alternatives. However, it may be
less difficult to control these factors with the barge alternative, as
compared with the canal alternatives. Turbidity, elevated temperatures, and
potential algae buildup are other areas of concern. Chemicals that will be
used to maintain this artificial environment must be closely examined from a
synergistic standpoint, as well as from the standpoint that certain chemicals
can suppress the immune systems of juvenile salmon and interfere with
smoltification. Applicable laws, depending on which chemicals would be needed
for maintenance, would be the Federal Insecticide, Fungicide, and Rodenticide
Act and the Toxic Substances Act. There is also potential for water-quality
degradation from fuel and oil spills caused by construction equipment, as well
as in storage areas.

c. Construction Impacts.

Temporary impacts will be felt by the local communities, as
well as by the environment, during construction of this project. Construction
will result in the relocation of some underground utilities (i.e., water and
sewer lines, telephone and power cables, and natural gas lines). The
relocation of these facilities could result in the temporary interruption of
service. Construction of the open channel and the cut-and-cover channel will
result in highway, road, and rail traffic detours during a 1- to 2-week
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construction period. Much of the construction of the open channel and cut-
and-cover channel will be performed along, or near, the banks of the Columbia
and Snake Rivers. Some minor degradation of water quality in the rivers could
occur from construction site water runoff. Construction work will result in
temporary air and noise pollution. An increase in construction-related
traffic could result in traffic delays, especially in urban areas around the
project. In the McNary Dam area, the fish canal passes across irrigation
canals. There is a possibility of damage to the irrigation canals during
construction. Construction in the Columbia Gorge area of the Columbia River
is controlled and regulated by the Columbia Gorge Commission. The route of
this alternative will pass through the Commission’s jurisdiction and, as such,
construction of this alternative through the area will require approval from
them.

d. Superfund and Contaminants Problems.

Most of the contamination that occurs in the project area is
likely to occur in the floodplains adjacent to the river (where most of the
industrial activity exists). Construction of the migratory canal alternatives
may aggravate these problems. An example of this is where the canal alignment
traversing The Dalles area comes close to one Superfund site (Martin-
Marietta). The floodplain here also contains a creosote plant with an
associated contaminated aquifer.

e. Regulatory/Permit Process.

All Clean Water Act permitting questions should be explored
thoroughly. Section 402 National Pollutant Discharge Elimination System
permits may be required for areas that connect with the Columbia River. It is
likely that a concrete canal will be considered a discharge conduit, so a
permit may be necessary (in Idaho, permits for EPA; in Washington and Oregon,
permits for the state). Section 404 permits will be necessary for
construction in wetlands, streams, tributaries, intermittent streams, and any
other waters of the United States. The project is also likely to be subject
to permit requirements under Section 10 of the River and Harbors Act.

f. Aesthetics.

The migratory canal alternatives have the potential to be
primarily and cumulatively what many could consider to be a visual degradation
of the landscape.

g. Erosion/Sedimentation.

Construction activities could increase soil erosion and
reservoir sedimentation.
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h. Capital/Resources/Labor.

The project will require a large investment of capital and 0
labor, as well as the use of irreplaceable petroleum-based fuel and other
materials.

7.06. GENERAL DISCUSSIONS AND FUTURE COORDINATION.

The various low and high velocity concept designs presented in this
study have different advantages and disadvantages related to biological and

engineering research needs, design, construction, and operational
effectiveness. A complete list of pros and cons related to the different
concepts will be developed during coordination efforts with various groups and
agencies involved in evaluating the different options. Variations of these

concepts, as well as completely new designs, may emerge as a result of these
discussions.

A determination of the upstream collection system concepts that will
be carried into future studies will not be made until completion of the Phase
I study.

0
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8.01. GENERAL

COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 8 - ECONOMIC EFFECTS

The Federal objective of water and related land resource project
planning is to maximize contributions to national economic development (NED)
consistent with protecting the nation’s environment; pursuant to national
environmental statutes, applicable executive orders, and other Federal

appropriate when dealing with an endangered or threatened species. Any
attempt to assign a monetary value to an endangered or threatened species,
given current techniques, would not account for its full existence value to
society (Gary A. Ellis, 1994).

It is very difficult, if not impossible, to evaluate the value of a
species unit (whatever it may be), in terms of dollars, when that commodity
does not have a measurable standard of economic value as do most goods and
services produced in the economic cycle. For this reason, as well as for the
purpose of surveillance of this technical appendix, no attempt will be made to
apply a dollar value to the benefit stream of perpetuating a species.

In terms of upstream collection and conveyance alternatives, there
are no major economic impacts caused by the direct effects of modifying
existing facilities with regard to of alternative opportunities foregone in
terms of power, transportation, irrigation, and recreation economics.
Therefore, total direct economic costs of this alternative are equal to the
cost of implementing the actions within the respective implementation
schedules.

planning requirements [Water Resource
89-80)], as amended (42 United States
NED are increases in the net value of
services, expressed in monetary units.
net benefits that accrue in the planni
nation. Contributions to NED include

() goods and services that are marketed,
that may not be marketed. The strict

Planning Act of 1965 (Public Law
Code 1962a-2 and d-1). Contributions to
the national output of goods and

Contributions to NED are the direct
ng area, as well as in the rest of the
increases in the net value of those
and also of those goods and services
use of NED analysis is not considered
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Implementation costs include real estate, contingency costs,
construction costs, professional engineering and design costs (PED),
construction management costs, and interest during construction costs (IDC);
collectively representing total investment costs. The total investment cost
will be amortized using the current Federal discount rate of 8 percent (as of
1 October 1993) over the estimated project life. For comparative purposes,
annualized operation, maintenance, and replacement costs will be added to the
annualized investment costs to arrive at an annual total cost for each
alternative. The implementation costs for the alternatives under
consideration are summarized in the following tables.

COST CONFIGURATION

INTEREST RATE 800 PERCENT

AMORTIZATION PERIOD/INVESTMENT CDSTSIIOO YEARS

ALTERNATIVE 1--SINGLE PRIMARY FISH COLLECTION SYSTEM/MIGRATORY CANAL

INVESTMENT COSTS:

Construction (including RE) $3,900,563,000

PED 275,000,000

Construction Management 144,900,000

Total Project Costs 4,320,463,000

IDC (factor = .21 *tpc 11 .5/2 yrs, 8 percent 907,297,230

Total Investment Costs $5,227,760,230

ANNUAL COSTS:

Interest and Amortization (investment costs) $41 8,411 ,026

Operation and Maintenance Costs 9,500,000

Total Annual Costs $427,911,026
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COST CONFIGURATiON

INTEREST RATE 8.00 PERCENT
AMORTIZATION PERIOD/INVESTMENT COSTSI100 YEARS

ALTERNATIVE 2--SINGLE PRIMARY FISH COLLECTION SYSTEM/PRESSURE PIPELINE
INVESTMENT COSTS:

Construction (including RE) $3,681 ,033,000
PED 238,750,000
Construction Management 1 25,350,000
Total Project Costs 4,045,133,000
IDC (factor = .21 tpc, 11 .5/2 yrs, 8 percent 849,477,930

Total Investment Costs $4,894,610,930

ANNUAL COSTS:

Interest and Amortization (investment costs) $31 9,746,961
Operation and Maintenance Costs 9,500,000

Total Annual Costs $401,246,961

ALTERNATIVE 3--SINGLE PRIMARY FISH COLLECTION SYSTEM/TRANSPORTATION

INVESTMENT COSTS:

Construction (including RE) $293,604,31 9
PED 45,000,000
Construction Management 24,1 50,000
Total Project Costs 362,754,3 1 9
IDC (factor = .21 tpc, 11 .5/2 yrs, 8 percent 45,899,304

Total Investment Costs $408,653,623

ANNUAL COSTS:

Interest and Amortization (investment costs) $32,707, 1 58
Operation and Maintenance Costs 5,100,000

Total Annual Costs $37,807,158
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COST CONFIGURATION
INTEREST RATE 8.00 PERCENT

AMORTIZATION PERIOD/INVESTMENT COSTSJIOO YEARS

ALTERNATIVE 4--SINGLE PRIMARY FISH COLLECTION SYSTEM/FLOATING PIPELINE

INVESTMENT COSTS:

Construction (including RE) $ 754,11 3,000

PED 66,250,000

Construction Management 35,650,000

Total Project Costs 856,013,000

DC (factor = .21 *tpc, 11 .5/2 yrs, 8 percent 1 79,762,730

Total Investment Costs $1,035,775,730

ANNUAL COSTS:

Interest and Amortization (investment costs) $ 82,899,744

Operation and Maintenance Costs 31,800,000

Total Annual Costs $114,699,744

8.02. NAVIGATION.

The general assumption is that the main fish collection facility
would be constructed at Silcott, Washington (river mile 131 on the Snake
River), and would consist of a navigation lock and fish screens. For the
barge transport alternative, a large barge loading facility would also be
constructed at the collector structure. In 1990, there were approximately
5,000 upbound and 5,000 downbound commercial vessel trips on the Snake River.
It is expected that during construction, navigation will be not be impacted.
However, after construction, each tug and tow traveling through the Silcott
area will have to navigate through these new locks. This is expected to add
an extra 10 minutes of travel time in each direction, and this will result in

additional transportation costs. In addition, the added traffic of the new

fish transport barges may impact travel time as well.

8.03. RECREATION.

For the canal alternatives, a cut-and-cover channel will bisect the

Hat Rock State Campground, the Corps campgrounds, and the boat ramps. This

will reduce the available use of these facilities for 1 to 2 weeks during
construction.
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8.04. SOCIOECONOMIC EFFECTS.

a. Community Impacts.

Impacts to communities can occur when large numbers (compared
to the area population) of construction workers and their families relocate to
construction area communities, and these communities have an insufficient
community services capacity to support the quick and temporary increase in
population. Tunneling crews, numbering about 8 to 12 workers per site, would
live in trailers at the worksites. Workers constructing the open channel and
cut-and-cover channel along the river would live in trailers on barges that
will be moved to each worksite. Crews working away from the river would live
in moveable trailers at the work site. Impacts to local communities, as a
result of demands placed on community services from these workers, is expected
to be minimal.

The single upstream fish collection facility at Silcott,
Washington is 8 to 10 miles from Clarkston, Washington, and Lewiston, Idaho.
Clarkston and Lewiston have populations of about 6,800 and 28,100,
respectively. A maximum of 45 to 55 construction workers would be working at
this site at any given time. The other two fish collection facilities are
located upstream, and are smaller in size. One facility is located on the
Snake River (river mile 149), and the other is located on the Clearwater River
(river mile 6). Both facilities are 5 to 8 miles from Clarkston and Lewiston.
Due to the size of these cities and proximity to the worksites, most workers
would be expected to reside in one of these communities. Depending on the
number of workers and younger family members residing at any one time in these
communities, there could be a strain on the local schools. Impacts on other
city services would probably be minimal

b. Native American Concerns.

The migratory canal alternatives show the canal alignment
passing through lands ceded to several treaty tribes in Oregon, Washington,
and Idaho. These include the Native American peoples of the contemporary Nez
Perce, Umatilla, Yakima, and Warm Springs reservations. Treaty rights
concerning access to usual and accustomed treaty fishing sites (or the “in

lieu” fishing sites) could become a major issue if the project limits or
precludes future access to treaty fishing sites. Other concerns include a
potential for the disturbance of ancestral graves located along the project
alignment. Unresolvable concerns, with regard to lands access, could result
in the realignment of the canal. Consultation needs to be carried out with
each affected tribal government early in the planning process.
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 9 - MITIGATION OPPORTUNITIES

9.01. ANADROMOUS FISH.

Mitigation for adverse effects on anadromous fish, other than
salmonids, would be limited to the specific problem areas. The construction
of a new collection screen structure in the Lower Granite reservoir may create
a migration obstruction for anadromous fish. Adult salmonid fish ladders
would be constructed to allow anadromous fish of all species to migrate
upstream beyond the collector screen. Downstream migrant juvenile salmonids,
and all other migrant fish, would be collected on the screen structure.
Sorting facilities would separate non-salmonid anadromous fish, and bypass
them back into the river immediately downstream of the collector structure.

Similar facilities would be constructed for the dual upstream
collectors on the Snake and Clearwater Rivers. Upstream migrating anadromous
fish would utilize the fish ladder to continue their migration. Downstream
migrating anadromous fish would be collected on the screen structure,
separated from salmonid species, and bypassed into the river immediately
downstream of the structure.

9.02. RESIDENT FISH.

Resident fish would be affected by the construction of the collector
structures. Some existing habitat would be lost to the collector screen and
appurtenant structures. Additional habitat could be provided to mitigate for
that lost by constructing side channels, additional rearing areas, etc., along
the reservoir (in proportion to that lost). The movement of resident fish
upstream and downstream of the collector structure would be allowed through
the fish ladder and the screen/separator facility.
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9.03. TERRESTRIAL ECOLOGY.

a. General. 0
Mitigation, in the form of impact avoidance, minimization,

rectification, reduction, and/or compensation, in accordance with the
President’s Council on Environmental Quality rules, would be a major feature
and goal of project planning and design.

In addition to environmental challenges, there may be
opportunities for enhancement in some environmental parameters, especially for
the canal alternatives. Strategic, but limited, use of the water in the
channel at various points may introduce or increase riparian-type habitat into
arid or shrub steppe areas where there is little or none at present. The
resting ponds offer enhancement possibilities, and there may be beneficial
uses for excavated materials (i.e., subimpoundments and terraces). Migratory
routes for wildlife and access to water can probably be improved in some
areas. Strategic environmental enhancement, thus, will also be a focus of
later project development.

Mitigative planning, design, construction, and operation will
need to be an integral part of any upstream collector or artificial
transportation project to avoid, minimize, rectify, reduce, or compensate for
adverse impacts. There may be opportunities for the enhancement of some
environmental parameters. A number of basic approaches at each stage of
project development will contribute to overall mitigative success. For
example, during reconnaissance planning, a strong commitment to, and
understanding of, mitigative policy will set the stage so that during
feasibility planning the appropriate studies needed to understand potentially

impacted resources will be funded, scoped, and carried out in a timely and

meaningful way. Design of the project will need to be innovative and
responsive to planning findings. Environmentally-sensitive construction

practices are requisite throughout. Monitoring and adjustment during the
operation of the project will help assure the best possible results. Periodic
assessments should be made to determine if the project is operating in
compliance with Federal, state, and local regulations. The integration of
environmental planning and engineering can be expected to add about 5 percent

to the costs of each project stage.

b. Wildlife and Habitat.

Mitigative strategies focus on habitat damage avoidance,

replacement/enhancement, and migratory assurance. There are a number of

possibilities for consideration:
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(1) Avoid splitting habitat areas into smaller units whenever
possible. Route to the edge of large tracts, if feasible.

(2) Use strategic, controlled “leaks” to irrigate native
(local) grasses, flowers, shrubs, and trees (particularly along the south side
of the channel to create shade, edge, riparian habitat, and aesthetic values).

(3) After construction, replace topsoil on all roads, staging
areas, and borrow sites prior to replanting with native vegetation.

(4) Use excess excavation material beneficially whenever and
however possible (e.g., construct migratory pathways and access to water where
none currently exists). Use aggressive planning and designing to minimize
borrow, by using cut material in fills to the maximum extent possible.

(5) Provide a careful design of elevated sections to
facilitate both habitat and species diversity, as well as sheltered migratory
routes. The elevated sections of the canal seem to offer some of the best
opportunities for creative mitigation and enhancement.

(6) Use ramps and lids up to 200 feet long at strategic areas
for wildlife migration. In some areas along the route, such structures may
need to be placed at intervals of 1 mile or less.

c. Wetlands.

Mitigative approaches to wetland impacts might include the
following considerations and measures:

(1) Avoid wetlands whenever and however possible.

(2) During design, wherever possible, incorporate “natural”
river or stream system characteristics. If a more natural system were
designed, there would be numerous opportunities for wetland and riparian
creation and enhancement. Incorporating bioengineering techniques into the
project may allow mitigation with the project.

(3) Use aquatic plants at resting ponds that provide both
fish and wildlife habitat (polygonum, potomegeton, elodea, etc.). Use native
trees and shrubs along the edges for wildlife habitat.

(4) Use excavated material to create vegetated ponds or
subimpoundments at suitable areas along existing Snake and Columbia River
reservoirs.
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d. Invasive Vegetation.

A vigorous invasive species monitoring and corrective action
program should be incorporated into the proposed project. The barge transport
alternative should not require such measures.

9.04. CULTURAL RESOURCES.

The mitigation of cultural resources results from consultation
with State Historic Preservation Offices and other interested parties,
(i.e., Native American tribes and the Advisory Council on Historic
Preservation). Although the affected cultural resource sites are now unknown,
it is likely that mitigation activities would include data recovery and the
curation of recovered finds, site stabilization, documentation for affected
historic structures, and the establishment of a monitoring program to evaluate
the effects of vandalism or erosion during operations.

9.05. OTHER.

a. Water Quality.

Water quality would be monitored throughout the construction
period, and any required corrective action would be taken, as appropriate.
During the operation of the migratory canal alternative conveyance project,
resting ponds would have to be well aerated to ensure proper oxygen balance.
Enough flow exchange to keep nitrogenous waste buildup to a minimum would be
required.

b. Aesthetics.

Mitigation for aesthetic concerns would be best approached
during the design phase to ensure that the design is compatible with other
qualities.

c. Erosion/Sedimentation.

Mitigation would include sensitive design and construction
practices to limit the susceptibility of the construction site to erosion.

d. Air Quality/Noise.

Mitigation would include sensitive construction practices so
that air quality would not be seriously compromised, and noise pollution would
be kept to a minimum.
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 10 - CONCEPT DISCUSSIONS--UNCERTAINTIES AND
POTENTIAL BIOLOGICAL AND ENGINEERING RESEARCH

10.01. GENERAL.

There are major questions and uncertainties associated with the
different upstream collection and conveyance system concepts. Biological
research and preliminary engineering studies will need to be completed prior
to the construction of any of these systems in order to resolve any
uncertainties.

The most significant challenge related to upstream collection and
conveyance concepts will be satisfying biological objectives. This challenge
also applies to drawdown and all options being considered in other studies.
It is uncertain at this time what level of improvements might be expected in
overall fish populations if any of these alternatives are actually
constructed. Complicating this situation, as discussed in paragraph 2.01.,
Background Information, is that many of the juvenile fish migrating downstream
from rivers and tributaries above Lewiston do not arrive at. the upstream end
of the Lower Granite reservoir. In addition to the effects dams have on fish,
other factors related to hatcheries, reduction in habitat quantity and
quality, fish harvest questions, and recent years of low flow also play a role
in the continued decline.

This report, as discussed in paragraph 1.03., Scope, is a
reconnaissance-level planning study of various upstream collection and
conveyance alternatives under consideration. Because of the magnitude of the
proposed measures, and the preliminary nature of these conceptual
alternatives, there may be many ways to approach the various designs and
associated problems. If these options were evaluated further and in more
detail, considerable cost savings or significant functional improvements might
be realized. Alternate designs should be considered in future studies.

All of the systems discussed in this study must be capable of
collecting and conveying fish safely and acceptably downstream to Bonneville
Dam. The results can only be judged successful when the number and health of
returning spawning adults indicates a significant improvement over the present
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migration cycle. Ideally, the evaluation of these concepts would require the

construction of at least one collection facility (full size, or possibly a

scaled-down version), with test reaches of different types of conveyance

systems. This construction would be followed by a test program lasting

through at least one fish life cycle to fully evaluate the ultimate success of

the various options. However, an extensive construction and evaluation

program of this type would be very costly in terms of both money and time.

Therefore, research during the feasibility phase would not include the

evaluation of full-scale prototype collection and conveyance facilities due to

prohibitive costs and time constraints. Instead, the feasibility phase would

concentrate on smaller-scale hydraulic and biological modeling, as well as

prototype designs and tests, to obtain data related to fish responses and

facility concepts.

The option to return to the existing fish passage modes would be

maintained in order to minimize the risk to the fishery should some component

of an upstream collection and conveyance system fail. The present migration

route through and around the dams would then be considered a backup system.

10.02. UNCERTAINTIES RELATED TO UPSTREAM COLLECTION SYSTEM COMPONENTS.

Major biological and engineering-related questions and uncertainties

for the different upstream collection system concepts include the following:

a. Biological Questions.

(1) How far upstream of Lower Granite Dam could fish be

collected before impacting the natural instincts (homing) of fish to return

for spawning?

(2) What percentage of juvenile fish would be diverted (FGE)

for partial barrier systems?

(3) What impact would another barrier system upstream of

Lower Granite Dam have on adult fish passage?

(4) How would fish behaviorally respond to a large barrier

system?

(5) What type of barrier would be most effective for an

upstream collection system: physical (screens, louvers, etc.), behavioral

(electrical, sonic, etc.), or a combination of physical and behavioral

systems?

(6) Would predator fish habitat be substantially increased by

the addition of a new barrier system?
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(7) What impacts would extensive debris-handling requirements
have on fish collection?

(8) What impacts would a large barrier system have on
resident fish (particularly sturgeon)?

b. Engineering Questions.

(1) How would increased concentrations of floating debris
(and possible sediment) be handled in both the main barrier and fish holding
and loading facilities?

(2) What would be the best facility layouts, orientations,
etc., to optimize functional, operational, and cost considerations?

10.03. UNCERTAINTIES RELATED TO CONVEYANCE SYSTEM COMPONENTS.

a. Migratory Canal, Pressure Pipeline, and Floating Pipeline
Systems.

Many major biological and engineering-related questions and
concerns exist regarding the migratory canal, pressure pipeline, and floating
conduit systems. Of primary importance to the migratory canal and pressure
pipeline systems is the lift mechanism required to safely move fish from the
collection and sorting facilities (at about the same elevation as the river)
up to the elevation of the canal or pressure pipeline system (some 80 to 180
feet above). Important concerns regarding the safety and biological
acceptability of the low-head pump system required for the flexible, thin
membrane conduit must be addressed for the floating conduit system. As
discussed in paragraph 5.01., Design Criteria, the design of all these
concepts would require the establishment of criteria for many features that
have not yet been implemented in any prototype. Major biological and
engineering-related questions regarding individual features of these systems
must also be answered. These issues would include the design of resting
ponds, water exchange rates, flow conditions within the fish conveyance
structures, temperature requirements, fish feeding requirements, emergency
release from conveyance systems to the river, the interconnection of the
fishway with existing projects, predation, and vandalism, as well many other
questions.

b. Transport Options.

An assumption associated with a fish transport conveyance
system is that transporting fish around the dams and reservoirs using barges
and trucks is biologically acceptable. Although fish barging operations have
been conducted since 1969, some groups are concerned that barging operations
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do not benefit the fish and may play a part in the continued decline of the
fish runs. Since barging fish has been just one component of a total system
(other components of the system include SIS’s, VBS’s, gatewell orifices,
transportation channels, etc.), it is difficult to determine what parts of the
system are most detrimental to the fish. Also, as discussed in paragraph
2.01., Background Information, a relatively small portion of the Chinook
juveniles released naturally or from hatcheries above the Lower Granite
reservoir are actually transported to the ocean via existing barge operations.
However, no evidence currently suggests that the actual transportation process
harms the fish.

10.04. POTENTIAL BIOLOGICAL AND ENGINEERING RESEARCH.

Many features of the design of an upstream collection and conveyance
system would be dependent upon the results of research efforts. Studies and
projects that might be completed to answer questions related to different
concept designs include the following:

a. Conducting a more extensive literature review of different
types of fish barrier devices (screens, electrical, sonic, etc.) and fish
conveyance systems.

b. Constructing only a portion of a full-sized, in-river floating
barrier system; possibly a version of what is currently used for a fish trap
in the vicinity of Lewiston (see enclosures 2-26 and 2-27), as well as a
research vessel or shoreline-based research station (see enclosures 2-26 and
2-28). These facilities could be used for research related to the following:

(1) Measuring FGE for partial barrier systems;

(2) observing how fish behaviorally respond to a large
barrier system;

(3) conducting a long-term transport research program to
evaluate fish homing instincts;

(4) evaluating the effectiveness of different types of
barriers (physical and behavioral); and

(5) testing a wide variety of designs related to both
existing and new fish collection and conveyance-related features (i.e.,
approach velocity criteria, debris collection/control, fish lift and lock
facilities, sorting facilities, etc.).

c. Conducting both small- and large-scale hydraulic models or
segments of prototype project features, in conjunction with fish behavior
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testing, to evaluate specific feature designs as well as general site
considerations. These tests would be conducted at fishery and hydraulic
laboratories. Tests might include the following:

(1) Building a large-scale or full-sized fish attraction
chamber/separator system to develop and test new concepts, and improve debris
handling as well as fish separation methods.

(2) Constructing sections of different types of barrier
devices to be used in a large tank arrangement for monitoring fish behavior,
as well as for evaluating debris-related considerations.

(3) Conducting miscellaneous other tests related to specific
features of the project.

d. Building first a non-site specific general model and then,
later, building a site-specific general model to evaluate river hydraulic
conditions. These models would evaluate:

(1) Flow lines that would indicate the potential FGE’s of
barrier devices;

(2) water velocities at, and around, barriers to aid in
answering fish behavior-related questions;

(3) attraction water and other flow features related to adult
fish passage;

(4) river velocities as they pertain to the creation of
predator habitat; and

(5) fish barrier and trash shear boom orientations related to
the movement of debris and sediment.

e. Conducting extensive field evaluations of potential upstream
fish collection facility sites to evaluate site-specific conditions (water
temperatures, hydraulic conditions, etc.) that would have a bearing on both
biological and engineering-related questions.

f. Exploring more effective ways to control predator fish
populations in small reservoir systems.

g. Evaluating the potential impacts to resident fish (sturgeon, in
particular) by using in-river radio tracing studies in the vicinity of
potential upstream collection sites.
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h. Conducting extensive field evaluations at existing fish
diversion/collection projects, with similarities to components discussed in
this report, to help determine actual fish diversion and collection rates,
debris impacts, operation and maintenance problems, etc.

I. Completing numerical modeling of heat transfer characteristics
of conveyance structures.

j. Constructing a prototype test reach of the migratory canal,
pressure pipeline, or floating pipeline conveyance systems to assess the
biological effects and meet the objectives of various parts of the design.

Alternative 4, the floating conduit proposed by the Idaho
National Engineering Laboratory (INEL), would require significant research
efforts to determine the most effective and non-injurious method of
maintaining flow velocity. The INEL has proposed a research program that
includes prototype test section construction and evaluation, with a duration
of about 1 to 2 years. The INEL conduit design would also require hydraulic
modeling efforts for the connection wet well at the upstream face of the dam,
as well as the conduit flow path through the dam and into the existing
juvenile collection bypass system. Water surface control structures, such as
the sliding connection between the conduit and the wet well, and the
adjustable weir, would have to be physically modeled and evaluated to
determine proper design and configuration.

10.05. POSSIBLE VARIATIONS.

a. General.

There are several possible variations of the concept designs
presented in this study that would be evaluated prior to selection and final
design of any of the alternatives. Proposed designs of features included in
the alternatives would be evaluated to improve compatibility with the
biological functions of the fish. Other issues would be investigated to
improve the cost effectiveness, constructability, operation, etc., of
alternative designs.

b. Upstream Collection System Components.

Several concept designs were evaluated in paragraph 5.03.,
Upstream Collection System Components. These designs varied based on
assumptions primarily related to design discharges, type of barrier systems,

and site layouts. The above variations, in addition to others, would be

pursued in later studies if any of these basic alternatives are carried

forward to the feasibility stage.
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c. Migratory Canal, Pressure Pipeline, and Floating Conduit Option
Components.

Since the designs of the migratory canal, pressure pipeline,
and floating conduit fishway options are so conceptual and complex in nature,
there are a multitude of variations in designs possible. Some of these
variations have already been discussed in section 4, Proposed Alternatives.
Variations in the design of resting ponds, water exchange systems, fish
conveyance structures, fish feeding locations, emergency release systems from
the main fish conveyance systems, and other features could be beneficial. For
example, it may be possible to collect fish with a much-improved collection
system at Lower Granite Dam rather than with the proposed new upstream
collector structure. Lifts would not be required to transfer the fish into
the migratory canal or pressure pipeline fishway with this variation. Another
example of a beneficial refinement to the migratory canal and pressure
pipeline alternatives would be the use of an improved lining material for the
resting ponds that prevents seepage. Water exchange rates and reoxygenation
criteria may also be refined in future design efforts.

In general, refinement of the design features of the various
system features will follow according to specific site requirements, with
regard to topography and foundation conditions. No further attempt will be
made at this time to expand on other potential alternative designs, but

() variations would be pursued in later studies if any of these alternatives are
carried forward.

d. Transport Option Components.

The fish transport vessel used to develop the designs discussed
in paragraph 5.06., Transport Conveyance System Components, assumes the use of
conventional-type barge transport vessels. Also presented in the
aforementioned paragraph was a design concept for a composite net
pen/conventional barge system. Several variations of this vessel could be
pursued. The above variations, in addition to others, would be investigated
further in later studies if any of these alternatives are carried forward to
the feasibility phase.

10.06. IMPACTS TO EXISTING SYSTEMS.

a. General

All of the alternatives would cause various levels of impact to
existing systems, and may require structural modifications and changes in
project operations.
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b. Upstream Collection System Components.

The construction of an upstream collection system, which
applies to all of the alternatives considered in this report, would result in
some changes in the operation and nature of the rivers. These changes are
largely dependent upon the site chosen for the alternative juvenile collection

system (i.e., a single primary collection structure between Lower Granite Dam

and Lewiston, or dual primary collection structures upstream of Lewiston).
For either of these plans, the operation of the existing juvenile bypass
systems at each of the downstream dams would be affected, since these systems

would no longer be used during normal operations. If a collection site is

selected downstream of Lewiston, navigation on the river would be affected

during the fish collection season by the addition of one lockage delay. If

dual collection sites upstream of Lewiston are selected, no significant

impacts to commercial navigation would occur, except for the increased number

of fish transport vessels on the river (with the transport alternative).
However, private craft navigation may be inconvenienced by the lift delay over

the collector structure, or by the additional distance traveled to the forebay

launching area.

After construction was complete, additional or reassigned staff

would be required to operate the new facilities. The upstream collection

system would require significant levels of staffing for proper operation.
Some staff could be reassigned from the operation of existing sorting,

holding, and loading facilities to the new facilities, since operation of the

existing systems would be suspended. Staffing levels have been estimated in

section 8, Economic Effects.

c. Migratory Canal, Pressure Pipeline, and Floating Conduit
Options Components.

Existing juvenile fish bypass systems would be permanently

affected by the migratory canal, pressure pipeline, and floating conduit

options. Existing bypass flumes would be connected with conveyance

structures; and operation of the existing sorting, holding, and loading

facilities would be suspended the majority of the time. New sorting

facilities would be constructed at the elevation of the conveyance structures

at each dam to accomplish the required handling of fish formerly performed at

the existing facilities. The new sorting facilities would only handle those

fish captured by the existing juvenile bypass systems at each dam. The fish

would be released from the new sorting structures directly into the conveyance

system.

Some impact to the operation of the existing projects would be

experienced during construction of all of these alternatives, including

traffic delays, road relocations, and construction equipment interference.
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After construction, additional or reassigned staff would be required to
operate the new facilities. The upstream collection system, fish lifts or
locks, pumps, navigation locks, sorting facilities, and the conveyance systems
would all require significant levels of staffing for proper operation. Some
staff could be reassigned from the operation of existing sorting, holding, and
loading facilities to the facilities of the proposed alternatives, since
operation of the existing facilities would be suspended. Staffing levels for
each feature of these alternative concepts have been estimated in section 8,
Economic Effects.

d. Transport Option Components.

Construction of any new transport vessels and support
facilities would not be likely to cause impacts to the existing dam projects.
After construction, additional or reassigned staff would be required to
operate the new facilities, including the upstream collection system
component. Some staff could be reassigned from the operation of existing
sorting, holding, and loading facilities since operation of the existing
facilities would be suspended. Staffing levels of this concept have been
estimated in section 8, Economic Effects.

The use of existing fish transport barges would have minimal
impacts to existing systems.
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 11 - COORDINATION

11.01. GENERAL.

Study results presented in the document have been coordinated with
various public groups and agencies. Consultation with the U.S. Fish &
Wildlife Service (USFWS), required under the Fish & Wildlife Coordination Act,
was initiated early in the study effort. The USFWS is preparing a planning
aid letter addressing the alternatives presented here. When the planning aid
letter is completed, the context will be reflected in this document.
Coordination and consultation was maintained with the TAG, formed for the
purpose of overseeing these studies and providing assistance in assessing the
biological impact of each alternative. Finally, coordination was maintained
with the public through a series of public meetings.

11.02. THE TAG.

A group of technical experts representing regional fish agencies and
tribes, river operating agencies and user groups, conservation groups, and
other interested parties was formed in the spring of 1991 to develop plans for
the 1992 lower Snake River reservoir drawdown test. This group has continued
to meet since the completion of the March drawdown test, and has been
designated as the CRSMA TAG.

The TAG is responsible for developing and reviewing criteria for the
alternatives being considered by the Corps in the SCS; reviewing technical
reports produced under this study; developing and evaluating recommendations
for methods to obtain additional information regarding alternatives proposed
for study under the NPPC’s Fish and Wildlife Program Amendments; development
of the scope of the Biological Plan for the lower Snake River reservoir
drawdown; and providing guidance to the contractor responsible for completion
of this document. Input from the TAG is provided to the NPPC’s Drawdown
Committee, as well as to the Corps.
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11.03. ADDITIONAL TECHNICAL COORDINATION RELATED TO UPSTREAM COLLECTION
SYSTEM COMPONENTS.

Additional technical coordination was completed to further develop
upstream collection component designs, because this part of the system is
considered a key to the success of all options evaluated. The following
individuals, companies, and agencies (besides the Corps) provided input,
either directly or indirectly, that was used in further developing upstream
collection system concepts:

• Ned Taft and Tom Cook, Stone & Webster Environmental Technology
& Services, Boston, Massachusetts.

• Chuck Sullivan, EPRI, Palo Alto, California.

• Charlie Listen and Perry Johnson, U.S. Bureau of Reclamation,
Denver, Colorado.

• Ben Rizzo, USFWS, Newton Corner, Massachusetts.

• Mufeed Odeh, S.O. Conte Anadromous Fish Research Center, USFWS,
Turner Fall, Massachusetts.

• Al Bruesch and Myint Lwin, Bridge and Structures Office,
Washington Department of Transportation, Olympia, Washington.

• Harza Engineering Company, Bellevue, Washington.

• Bob Pearce, National Marine Fisheries Service, Portland, Oregon.

• Philip Weitz, National Marine Fisheries Service, Pasco,
Washington.

11.04. PUBLIC INVOLVEMENT.

As part of the process to provide information to the public, the
Corps conducted a series of seven meetings to inform the public and specific
interest groups about a number of ongoing Corps programs intended to benefit
salmon in the Columbia and Snake River systems. One of the primary objectives
was to discuss the purpose and scope of the SCS, as well as the long-term
alternatives being considered to improve the downstream migration success of
juvenile salmon. Alternatives presented in this report were discussed during
these meetings. In addition, the Corps discussed two other subjects: 1) the
results of the March 1992 drawdown test of two Snake River dams; and 2) the
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Interim Columbia and Snake River Flow Improvements Measures for Salmon
Supplemental Environmental Impact Statement (SEIS), which will address interim
river management actions while long-term solutions are being developed. The
locations and dates for these meetings were as follows:

LOCATION DATE —

Portland, OR 6 July 92
Hermiston, OR 7 July 92
Pasco, WA 8 July 92
Grand Coulee, WA 9 July 92
Boise, ID 14 July 92
Lewiston, ID 15 July 92
Kalispell, MT 16 July 92

The meetings began with a general overview slide presentation
concerning each of the three primary topics. Following the presentation, the
audience broke into four discussion groups. Each discussion group represented
a specific area of interest:

1) The SCS
2) The SEIS
3) Lower Snake River and John Day Drawdown
4) System Improvements

Because of the lower attendance level at the Grand Coulee and
Kalispell meetings, it was decided to conduct panel discussions with one
group. The meetings were considered to be successful, in that beneficial
discussions occurred during the group sessions.
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 12 - PHASE II STUDY REQUIREMENTS

Study requirements for the Phase II, or feasibility, stage for these
alternatives have been suggested previously in this report for individual
features. As discussed previously, research may run concurrently with some
feasibility stage design tasks for elements of the selected alternative or
alternatives. The understanding of the causes of the decline of the Snake
River salmon stocks is far from complete, and the effects of the hydropower
dams on these runs can only be surmised at present. Thus, any measures to
remedy the decline, as forwarded in this report, must be open to considerable
scrutiny during the feasibility stage design effort.

During the feasibility stage, the first step will be to establish
better biological criteria and functional objectives for the selected
alternative(s). These criteria should be fully coordinated with the resource
agencies, and developed with their full cooperation and involvement. As
feasibility-level design progresses, some modification of criteria may be
required in response to the increased knowledge base as new information is
acquired through affiliated research.

Design of the functionally simplistic items would be conducted early
in the feasibility phase, with more complex structures and equipment designed
in stages to best accommodate new biological objectives. The upstream
collector system components would require extensive conceptual design work,
concurrent technical review and suggestion by the resource agencies, and
considerable coordination of the design team to respond quickly to changes in
scope. A project design team would be assembled to carry out the complex and
intensive design activities required to complete the project in the short time
allowed. Field work required for design to proceed differs considerably with
each alternative presented. The migratory canal and pressure pipeline
alternatives would require field survey work to determine possible alignments,
establish ground control, and confirm system configurations. The transport
alternatives would also require survey efforts to determine alignments and the
configuration of collector structures and associated facilities. The floating
conduit alternative would require adequate bathymetric surveys of the
reservoirs to determine topographical constraints for the anchoring system.
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Research activities would be required to establish design guidelines
for features of the selected project alternative during the feasibility phase.
For example, as suggested in paragraph 5.04., a test reach of the migratory
canal, pressure pipeline, or floating pipeline conveyance systems
(alternatives 2, 2, and 4, respectively) would be constructed early in the
feasibility phase to assess the biological effects and meet the objectives of
the design. Other features of the system would also require extensive
concurrent research during the feasibility design phase. As another example,
biological effects of large barrier structures could only be assessed and
design concepts improved through concurrent physical scale and biological
live-test modeling of features of the structure.

The transport alternative would require the least time for design
work, and could be readily tested in the field with existing equipment. The
upstream collection system component, however, would require significant
research and design effort to arrive at an acceptable facility.

The Phase II design and research activities could ideally begin
immediately after Phase I is completed, following action on the alternatives
presented in the complete CRSMA Report. Section 9 presents the anticipated
(ideal) design and construction schedules for the alternatives presented in
this report.

0
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY

PHASE I

UPSTREAM COLLECTION AND CONVEYANCE
SNAKE AND COLUMBIA RIVERS

TECHNICAL APPENDIX D

SECTION 13 - SUMMARY AND CONCLUSIONS

13.01. GENERAL.

Concepts for upstream collection and conveyance were considered that
incorporated various methods for the collection of juvenile salmonids, as well
as various methods of conveyance. Each alternative was designed to carry a
total of 50 to 60 million juvenile salmonids during the downstream migration
period (April through November), with an expected peak of 2 million fish per
day. Juvenile salmonids would be introduced into the system from new
collection facilities located upstream of Lower Granite Dam, as well as from
the existing juvenile bypass systems at each of the downstream dams.

Four basic alternatives were analyzed for costs and schedules.
For each of these alternatives, a single upstream collection system using one
design option was assumed (see following paragraphs). For each alternative,
three different collection design flows (100,000, 160,000, and 225,000 cfs)
were evaluated. Alternatives related to other site locations, dual collection
systems located upstream of Lewiston on the Snake and Clearwater Rivers, and
other types of upstream collection designs will be evaluated further if this
concept is carried into future studies. As discussed in section 4, it should
be noted that a dual collection system design for collectors located upstream
of Lewiston would probably require the construction of dams to create proper
hydraulic conditions for the fish diversion barriers. This might require
additional biological and cost-related impacts not associated with a single
collection system downstream of Lewiston.

Basic concepts selected to develop alternative comparisons
assumed all project alternatives would use a single collection system on the
Snake River in the vicinity of Silcott Island (located about 7 miles
downstream of Lewiston). An upstream collection system, using a low velocity
design with either a floating platform/moving barrier or a bridge
structure/fixed-barrier component, was initially selected for developing costs
and schedules. To simplify the analysis, however, it was decided to use cost
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and schedule data assuming just a bridge structure/fixed-barrier collection
component, in order to match previous drafts of this report. Cost and
schedule data related to floating platform/moving barrier concepts would be
comparable to a bridge structure/fixed-barrier collection system.

13.02. ALTERNATIVE 1--MIGRATORY CANAL WITH SINGLE PRIMARY FISH COLLECTION,
SORTING, AND LIFT FACILITIES WITH INTERMEDIATE ADDITIONAL COLLECTION

a. Project Description.

This alternative assumes a single upstream fish collection
system in the vicinity of the Silcott Island site; and provides for fish
collection, sorting, and lifting to the migratory canal grade, and conveyance
through each reservoir reach by a series of open channels, flumes, tunnels,
and resting ponds.

b. Cost Information.

(1) Construction and Project Costs.

The reconnaissance-level project and fully-funded costs are
estimated at about $4.3 and $5.4 billion, respectively [see table 2, tables I-
8(a) through (c), and chart 2].

(2) Operation and Maintenance Costs.

Operation and maintenance costs are estimated at about $9.5
million annually (see tables 3 and T-12).

c. Schedule Information.

Assuming that funds and resources are available when required, it is
estimated that, from the date authorization and appropriation is granted, it
will take approximately 11 1/2 years to design and construct alternative 1.
Chart 2 presents this same information in bar chart form.

Chart 1 shows summary information for different upstream
collection system components for alternative 1. For a low velocity fixed
barrier design (which would also be comparable schedule-wise to a floating
platform system), the time required for design and construction of just this
piece of alternative 1 would range between 5 1/2 and 8 years for design flows
ranging between 100,000 and 225,000 cfs, respectively.

0
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d. Additional Information.

Incorporated into the migratory canal components of alternative
1 would be provisions for the exchange of 25 percent of the discharge at about
10-mile intervals along the alignment, means of limiting water temperature to
700 F, gas saturation controls, and provisions for feeding the fish. As part
of this system, ponds of at least 1/3-acre, located at about 10-mile
intervals, would be used for resting, feeding, and water
exchange. The canal would include features that would allow juvenile fish to
hold-up and rest in low flow velocity areas as they migrate.

This option would require, at the upstream collection system,
an initial lift of fish and pumping of water at a rate of 200 cfs to the
elevation of the canal. The required lift would range between 80 and 180 feet
above the river below, depending on the location of the collector structure.
This alternative would also collect juvenile fish from existing juvenile
bypass systems at each of the downstream hydropower projects.

This upstream collection and conveyance concept will require
research efforts to resolve design issues regarding several of the key
elements of the system. Specifically, the main fish barrier system (and other
compànents of the collector system), sorting facilities, fish locks or lifts,
roughened portion of the canal, and other components will all require some
research to determine the most effective design. Some uncertainty remains
about the overall success of moving the entire volume of migrating juvenile
salmon through a small channel of limited discharge capacity (compared to the
natural river system). Another specific concern has been raised about the
ability to provide sufficient food for the migrating juveniles throughout the
length of the migratory canal. It may be difficult to ensure proper feeding
for wild fish, since they may not consume artificial fish as well as hatchery
fish normally do. Security of the canal system from destructive vandalism,
poaching, and intentional or accidental contamination may be a significant
concern.

13.03. ALTERNATIVE 2-PRESSURE PIPELINE WITH SINGLE PRIMARY FISH COLLECTION,
SORTING, AND LIFT FACILITIES WITH INTERMEDIATE ADDITIONAL COLLECTION.

a. Project Description.

This alternative (similar to alternative 1, except it has a
different fish conveyance system) assumes a single upstream fish collection
system in the vicinity of the Silcott Island site; and provides for fish
collection, sorting, and lifting to a buried pressure pipeline and related
system along the reservoir shoreline.
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b. Cost Information.

(1) Construction and Project Cost Summary. 0
The reconnaissance-level project and fully-funded costs are

estimated at about $4.0 and $5.1 billion, respectively [see table 2, tables

T-9(a) through (c), and chart 2].

(2) Operation and Maintenance Cost Summary.

Operation and maintenance costs are estimated at about $9.5

million annually (see tables 3 and T-12).

c. Schedule Information.

It was assumed this option would have comparable schedule

requirements as alternative 1 with a migratory canal conveyance system. Thus,

assuming that funds and resources are available when required, it is estimated

that, from the date authorization and appropriation is granted, it will take

approximately 11 1/2 years to design and construct alternative 2. Chart 2
presents this same information in bar chart form.

Chart 1 shows summary information for different upstream

collection system components for alternative 2. For a low velocity fixed

barrier design (which would also be comparable schedule wise to a floating

platform system), the time required for design and construction of just this

piece of alternative 2 would range between 5 1/2 and 8 years for design flows

ranging between 100,000 and 225,000 cfs, respectively.

d. Additional Information.

Incorporated into the pressure pipeline components of

alternative 2 would be provisions for the exchange of 25 percent of the

discharge, at approximately 10-mile intervals, along the alignment, means of

limiting water temperature to 700 F, gas saturation controls, and provisions

for feeding the fish. As part of this system, ponds of at least 1/3-acre

area, located at approximately 10-mile intervals, would be used for resting,

feeding, and water exchange.

Alternative 2 would require, at the upstream collection system,

an initial lift of fish and pumping of water at a rate of 200 cfs to the

elevation of the canal. The required lift would range between 80 and 180 feet

above the river below, depending on the location of the collector structure.

This alternative would also collect juvenile fish from existing juvenile

bypass systems at each of the downstream hydropower projects.

0
13-4



This upstream collection and pressure pipeline conveyance
concept will require research efforts to resolve design issues regarding
several of the key elements of the system. Specifically, the main fish
barrier system (and other components of the collector system), sorting
facilities, fish locks or lifts, and other components will all require some
research to determine the most effective design. Some uncertainty remains
about the overall success of moving the entire volume of migrating juvenile
salmon through a small pressure pipeline of limited discharge capacity
(compared to the natural river system). Another specific concern has been
raised about the ability to provide sufficient food for the migrating
juveniles throughout the length of the pipeline. It may be difficult to
ensure proper feeding for wild fish, since they may not consume artificial
fish food the way hatchery fish normally do.

13.04. ALTERNATIVE 3--TRANSPORT SYSTEM WITH SINGLE PRIMARY FISH COLLECTION,
SORTING, AND HOLDING FACILITIES WITH INTERMEDIATE ADDITIONAL COLLECTION.

a. Project Description.

This alternative assumes a single upstream fish collection
system in the vicinity of Silcott Island; and provides for fish collection,
sorting, and transfer into existing barges where collected fish would be
transported downstream to below Bonneville Dam.

b. Cost Information.

(1) Construction and Project Cost Summary.

The reconnaissance-level project cost is estimated to range
between $256 and $362 million for collection facility design flows ranging
between 100,000 and 225,000 cfs, respectively. Likewise, the reconnaissance-
level, fully-funded costs are estimated to range between $327 and $469 million
for collection facility design flows ranging between 100,000 and 225,000 cfs,
respectively [see table 2, tables T-10(a) through (c), and chart 2].

(2) Operation and Maintenance Cost Summary.

Operation and maintenance costs are estimated at
approximately $5.1 million annually (see tables 2 and T-12).

c. Schedule Information.

Assuming that funds and resources are available when required,
it is estimated that, from the date authorization and appropriation is
granted, it will take approximately 5 1/2 to 8 years to design and construct
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alternative 3 for collection facility design flows ranging between 100,000 and

225,000 cfs, respectively. Chart 2 presents this same information in bar

chart form.

Chart 1 shows summary information for different upstream

collection system components for alternative 3. For a low velocity fixed-

barrier design (which would also be comparable schedule-wise to a floating

platform system), the time required for design and construction of just this

piece of alternative 3 would range between 5 1/2 and 8 years for design flows

ranging between 100,000 and 225,000 cfs, respectively.

d. Additional Information.

Alternative 3 would require, at the upstream collection system,

a fish barge lock to allow gravity loading of fish from the collection

facility into existing barges. This alternative would also collect juvenile

fish from existing juvenile bypass systems at each of the downstream

hydropower projects.

There would be no additional costs or schedule time required

beyond the construction of the upstream collection facilities, since it is

assumed existing fish barges would be used to transport fish.

This upstream collection and transport conveyance concept will

require research efforts to resolve design issues regarding several of the key

elements of the system. Specifically, the main fish barrier system (and other

components of the collector system) will require some research to determine

the most effective design.

13.05. ALTERNATIVE 4--FLOATING PIPELINE SYSTEM WITH SINGLE PRIMARY FISH

COLLECTION AND SORTING FACILITIES WITH INTERMEDIATE ADDITIONAL COLLECTION AND

PUMP STATIONS.

a. Project Description.

This alternative assumes a single upstream fish collection

system in the vicinity of the Silcott Island site; and provides for fish

collection, sorting, and transfer into a floating open channel or enclosed

low-pressure conduit to be conveyed downstream to below Bonneville Dam.

b. Costs.

(1) Construction and Project Cost Summary.

The reconnaissance-level, project cost is estimated to

range between $789 and $856 million, depending on the design flow selected for
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the collection system. Likewise, the reconnaissance-level, fully-funded costs
are estimated to range between $924 million and $1.0 billion, again depending
on the design flow selected for the collection system [see table 2, tables 1-
11(a) through (c), and chart 2].

(2) Operation and Maintenance Cost Summary.

Operation and maintenance costs are estimated at about
$31.8 million annually (see tables 2 and 1-12).

c. Schedule Information.

It was assumed this option would have comparable schedule
requirements as alternative 2, with a pressure pipe conveyance system. Thus,
assuming that funds and resources are available when required, it is estimated
that, from the date authorization and appropriation is granted, it will take
approximately 11 1/2 years to design and construct alternative 2. Chart 2
presents this same information in bar chart form.

Chart 1 shows summary information for different upstream
collection system components for alternative 4. For a low velocity fixed-
barrier design (which would also be comparable schedule-wise to a floating
platform system), the time required for design and construction of just this
piece of alternative 4 would range between 5 1/2 and 8 years for design flows
ranging between 100,000 and 225,000 cfs, respectively.

d. Additional Information.

Incorporated into the floating pipeline components of
Alternative 4 would be provisions for the exchange of 25 percent of the
discharge at approximately 10-mile intervals along the alignment, means of
limiting water temperature to 700 F, gas saturation controls, and provisions
for feeding the fish. As part of this system, in-river net pens of at least
1/3-acre area, located at approximately 10-mile intervals, would be used for
resting, feeding, and water exchange.

Alternative 4 would require, at the upstream collection
system, an initial lift of fish and pumping of water at a rate of 200 cfs to
the elevation of the floating pipeline. This alternative would also collect
juvenile fish from existing juvenile bypass systems at each of the downstream
hydropower projects.

This upstream collection and floating pipeline conveyance
concept will require research efforts to resolve design issues regarding
several of the key elements of the system. Specifically, the main fish
barrier system (and other components of the collector system), sorting
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facilities, fish locks or lifts, and other components will all require some
research to determine the most effective design. Some uncertainty remains
about the overall success of moving the entire volume of migrating juvenile
salmon through a floatingpipeline of limited discharge capacity compared to
the natural river system. Another specific concern has been raised about the
ability to provide sufficient food for the migrating juveniles throughout the
length of the pipeline. It may be difficult to ensure proper feeding for wild
fish, since they may not consume artificial fish food the way hatchery fish
normally do.

13.06. ANADROMOUS FISH.

Designs currently engineered for upstream collection with conveyance
systems are new and untested. One design advantage afforded to a new upstream
collector is its independence of the powerhouse operational and structural
constraints that have influenced the design of current collection and bypass
systems at the lower Snake River dams. This will allow for a more
biologically-functional design.

The success of any upstream collection concept coupled with barge
transport would be highly dependent on the biological success of the fish
transportation program currently operated for all Snake River salmonid stocks.
If the primary objective of an action is to deliver the maximum number of live
smolts to some point below Bonneville Dam, or into the estuary from the top of
the Lower Granite reservoir, the improved collection and barge transport of
smolts around the Snake and Columbia River dams would be one of the most
reasonable alternatives (from a biological perspective) for increasing smolt
to-adult survival.

A low velocity guidance/collection facility located near the top of
the Lower Granite reservoir for the collection, tagging, and subsequent
transport of migrating smolts to the lower Columbia River has several
potential advantages. These advantages include: 1) the collection of many
smolts that get disoriented and delayed in the Lower Granite reservoir before
reaching the dam, due to inadequate migrational cues; 2) the removal of sniolts
from less than optimal reservoir conditions where predator activity is assumed
substantial; and 3) a reduced need for extreme levels of flow augmentation
that continues to a real concern with the region’s coordinated inability to
store enough water and then efficiently shape and pass that water for any
measurable benefit to downstream migration.

An upstream collector, designed as a low velocity system, would
address the concern posed by many biologists in the region that the turbine
intakes at dams offer inhospitable environments for the collection and
bypassing of juvenile salmonids. Passage through current spiliway
configurations offers little benefits with stress-related tradeoffs, and can ()

13-8



not be considered more optimal for the smolt population. A collector designed
with surface orientation (as opposed to a turbine collector system), located
upstream in the Lower Granite reservoir and designed specifically for salmonid
smolt collection without any powerhouse constraints imposed upon the design
could be a beneficial alternative, as long as the biological needs of the
respective listed salmonid stocks are fully incorporated into the collector
design and operation.

Critical research and site monitoring would have to determine the
most appropriate location for constructing an upstream collector facility.
The entire mainstream passage corridor is designated by the National Marine
Fisheries Service (NMFS) as critical habitat for spring/summer and fall
Chinook salmon. High velocity sites positioned outside of the Lower Granite
reservoir would be too complex, and ecologically costly to salmon and native
anadromous species. Low velocity sites would be less ecologically and
biologically costly. All potential sites possess similar ecological and
population effect tradeoffs (i.e., rearing habitat, transport survival
derivation, predator effects). This suggests that site selection would be
difficult.

It was determined, through a sensitivity analysis with the Columbia
River Salmon Passage (CRiSP 1.4) model, that an upstream collector near the
top of the Lower Granite reservoir would need to achieve a fish guidance
efficiency (FGE) equal to or above 75 percent, while maintaining no higher
than an estimated 2-percent direct bypass mortality for spring Chinook salmon
to surpass that survival provided by the 1993 base case operation (SOR 2C).
This sensitivity analysis suggests that if the upstream collector concept is
to be implemented, adequate research through prototype modeling in in-river
conditions should be performed to determine that an FGE of 75 percent and
bypass mortalities comparable to the current estimates of 2 percent can be
achieved. It is also suggested that concurrent ecological and passage studies
be designed to address the estuary survival of transported and in-river
juvenile salmon. These types of studies would be pursued in Phase II.

Survival estimates for the dual collector concept (e.g., separate
collectors on the Clearwater River and Snake River near Asotin, Washington)
are similar when like parameter values and assumptions are used (FGE estimates
and 2-percent bypass mortality). The conveyance system needed for the dual
collectors for transporting fish, at least down to the current Lower Granite
transport facilities, would realistically contribute a higher mortality factor
associated with stress, dependent on the means of conveyance. The dual
collector scenario would have to employ one of the designs for a high velocity
collector requiring the construction of new dams for flow/velocity control.
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It is believed that new dams, even if designed especially for salmonid

passage, would not be biologically, ecologically, or regionally acceptable as

a means of providing improved passage conditions for weak salmonid stocks,

based upon past technologies and system operations.

The proposed migratory canal and floating pipeline conveyance options

have received various critical reviews by such regional groups as the

Technical Advisory Group (TAG). The TAG expressed a considerable amount of

concerns with reliance on such untested artificial conveyance system designs.

Primary concerns that are common to all of the currently proposed options are

both biological and ecological. They include the following:

• Bio-engineering capability to artificially replicate natural

ecological processes and biological conditions that are functionally

interacting to the degree exhibited naturally (i.e., resting ponds/areas,

temperature, and flow regulation).

• The mechanical complexity of each proposed apparatus, and their

synchronized operation, would require constant maintenance.

• In the low probability event that a means can be devised to

artificially replicate the natural passage system into a pipeline or canal

system, the need for adequate safe and efficient passage within the river

system would not diminish or be considered mutually exclusive in any manner,

especially for adults migrating upstream.

• Each option would require either some mechanical means of

lifting the fish into the channel or a pumping/fanning system to move the

fish.

• Exclusive increased concentration of salmonid smolts through a

closed system would act to separate smolts from their natural food sources and

the diversity in their food items.

• Increased concentration of salmonids sniolts would be highly

vulnerable to inescapable stress-related factors (i.e., disease outbreaks and

manifestations; predator invasion, including predation by larger steelhead

smolts; increased inter- and intraspecies competition; and mechanical failure

or accidents that would act as catastrophic events and potentially be

detrimental to small population genetic fitness and viability).

13.07. CONCLUSIONS.

The option of an upstream collector and barge transportation may

warrant further study in Phase II, based on potential anadronious fish survival

benefits and the NMFS Recovery Team draft findings. The estimated benefits
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associated with the collector with barge transportation appear to provide
significant improvements in terms of juvenile salmon survival. This survival
estimate seems to be consistent with the analysis prepared by the NMFS
Recovery Team. The other biological effects (resident fish and wildlife
impacts) do not appear to be significant with this alternative.

The migratory canal and pipeline proposals should be eliminated from
further consideration, due to biological concerns and uncertainties.

This conclusion is drawn with full recognition that a high degree of
uncertainty concerning the salmon life-cycle biology exists, and that there is
controversy surrounding the relative merits of transport when compared to in-
river migration. Knowledge of biological parameters in the estuary portion of
the juvenile migration is severely lacking, and could be of significance in
evaluating various recovery alternatives. Efforts are continuing to identify
and formulate tests and research to reduce these levels of uncertainty.
Should the results of these efforts, or any other current efforts, yield
information that would lead to conclusions different from those drawn here,
the Phase II work can be modified to respond in an adaptive management
approach.
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Anadromous Fish Collection & Conveyance

OPEN CHANNEL AND CLOSED CONDUITS - TYPICAL INEL PIPELINE SECTIONS

Floats supply (pressurized waler)

Reservoir

Flexible membrane•

Resting area
-lull length of conduit

T92 0576

Power supply
(pressurized waler)

Reservoir

Slillening rings

Reservoir

Resting area -lull

T92 0603

ENCLOSURE 5-1



Ar,ad,omous Fish Collection & Conveyance

0

0

0
INEL PIPE PASSAGE THROUGH A DAM - GENERAL CONCEPTUAL PLAN

INEL DAM
CONNECT ION
STRUCTURE

EXISTING JUVENILE
ADJUSTABLE GATEBYPASS CHANNEL AND

DEWATERING WORKS

EXISTING
DEWATERING PIPE

PIPE TO TRANSPORT
SORTED JUVENILES TO
INEL PIPE. 30 CFS

1000’ LONG,
4’ø CORRUGATED
STEEL PIPE, 170 CFS,
S:O.I FT/FT (APPROX.)

GENERAL CONCEPTUAL PLAN
FOR INEL PIPE PASSAGE

ENCLOSURE 5-2
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SUMMARY

This report summarizes the conceptual design of an in-reservoir floating or submerged

conduit for transporting juvenile salmon and steelhead (known as smolts) downriver to increase

the fish runs, particularly wild salmon, in the Columbia River Basin.

Efforts to control the waters of the Columbia River Basin for positive gains have not always

yielded completely positive results. A less than desired consequence of these control efforts is the

impact reservoirs and dams have had, and continue to have, on the Basin’s salmon populations. A

conceptual method of minimizing these impacts is the development and operation of an in-

reservoir salmon conduit passage system. This system would minimize smolt mortality rates and

provide a speedier and less stressful downstream passage to the ocean.

The Idaho National Engineering Laboratory (INEL) has proposed an in-reservoir floating

or submerged conduit for smolt transportation as an alternative to an open concrete-lined

channel. The method of fish collection is not addressed in this proposal since it is a separate

problem that must be addressed for all conduit configurations. Several fish collection techniques

have been proposed by the biologists and the United States Army Corps of Engineers (Corps) is

presently addressing this issue. The fish would be taken past the dams in a fish passage designed

by the Corps. The details of the dam modifications are being addressed by the Corps and;

therefore, are not addressed in this proposal.

Several conduit configurations will be evaluated. All are flexible, in-reservoir

configurations. While one configuration may be emphasized herein, the others will be given equal

evaluation during the next phase. As presently envisioned, all configurations would be sized for

150 to 200 ft3/sec flow and would consist of a flexible, thin membrane conduit with appropriate

means of maintaining flow velocity within the required limits. The conduit would float above

anchored tie-downs along the reservoir, or be submerged under shipping traffic routes or

shoreline boating access lanes. Resting areas would be provided by either shore-based ponds,

similar to those discussed for the land-based alternatives, or by in-reservoir net pens.

Passage through each dam would be provided by a new conduit bored through the structure

and connected to the existing juvenile bypass systems. In this manner, juveniles from both the

floating conduit and the existing bypass would be combined and transported further downstream.

The connection between the INEL floating conduit and the existing dam structure would be

accomplished with a sliding connector plate. Flow would pass through the sliding connector plate

into a dewatering well. Dewatering would be provided by a floor screen in the well. A 17-ft wide

adjustable weir would control the water level in the floating conduit and in the well. Downstream

of the weir, a second chamber would stabilize flow conditions prior to passing the water through a

4 ft by 4 ft slide gate and into a 36-in, diameter steel lined conduit through the darn. The pipe

would transition into a 48-in, diameter corrugated steel pipe (CSP) upon exiting the downstream

face of the dam. The CSP pipe would drop to the elevation of the river in about 1,000 ft at

velocities less than 20 ft per second and under free-surface conditions. A switchback section of

pipe would be used to drop the elevation of the pipe without exceeding the pressure change

tolerances of the fish.
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Connection to the floating conduit in the tailwater pool could be accomplished with a
flexible coupling or simply be emptied into a head tank. A transition section designed to pass the
flow from supercritical to subcritical without a hydraulic jump would be provided. Smolts from
the existing juvenile bypass system (sorting, collecting, and holding ponds at the base of the dam)
would be transported into the floating conduit through a small flume or pipe designed to carry
30 ft3/sec. The downstream floating conduit would be designed to carry the combined flow on to
the next dam.
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1. ENGINEERING PROPOSAL FOR THE DEVELOPMENT OF A
FLEXIBLE IN-RESERVOIR SALMON PASSAGE

1.1 INTRODUCTION

The primary function of this activity is for the Idaho National Engineering Laboratory

(INEL), of which EG&G Idaho, Inc. is the principal contractor, to provide a comprehensive

biological and technical evaluation/assessment that will culminate in a design for a conduit. This

conduit will provide for the safe downstream passage of juvenile salmon and steelhead fish

(known as smolts) within the Columbia River Basin. Transporting mature fish back to their

selective spawning areas is not within the scope of this fish transportation system.

The INEL has the capability to provide a broad spectrum of support services to the conduit

team to assure timely and efficient design. The team is composed of the Department of Energy

(DOE), Bonneville Power Administration (BPA), and the U.S. Army Corps of Engineers (Corps).

Support will be derived from INEL personnel with subcontractors used for specialized expertise.

The various forms of support include, but are not limited to, cost and schedule engineering

support, technical analysis, and design engineering support for the juvenile fish flexible, in-

reservoir conduit.

1.2 Basic Requirements

This fish transportation concept is designed to satisfy the four basic biological requirements,

which are (a) rapid transit of smolts; (b) maintenance of “sense” trail; (c) biological and

environmental compatibility with fish; and (d) reservoir use compatibility. In addition, this

concept is also designed to meet the basic biological, engineering, and legal requirements (see

Section 1.3). These four basic biological requirements are defined below.

Rapid transit of smolts: The transit system should provide a transit time between the point

of hatching and the ocean which is roughly equivalent to the historical river speed, this being

approximately 3 to 5 ft/sec.

Maintenance of “sense” trail: A transport system must supply a continuous input to the

development of a “sense” trail if mature fish are expected to return to the proper spawning area.

The migratory habits of fish indicate that fish accumulate knowledge or a “sense” of the path to

the ocean as the path is traversed, and this “sense trail” is replayed in reverse when they return to

spawn.

Biological and environmental compatibility with fish: Any transportation system must

provide a proper environment for the fish during their passage. This environment includes proper

temperature, oxygen, rest areas, feeding opportunities, protection from predators, etc. The

materials and the transportation process itself must also be harmless to the fish.

Reservoir use cómpatibllity Many reservoir uses must be considered in the design and

placement of a fish transportation system. These uses include shore-based activities which cannot
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be blocked in the access to the reservoir, reservoir navigation (both through and across the
reservoir), and variations in reservoir heights due to electrical production and irrigation demands.

Below is a list of the advantagL:, of the proposed conduit system and some unique options.

• Usable in any reservoir
• Accommodates reservoir usage - surface and shore
• Accommodates multiple tributaries
• Wide operating range for various fish species: speed, oxygenation, etc.

• Can be stored underwater or removed when not needed

• Variable location - initially and future

• Simple, mass-produced components
• Easily installed onsite.

These advantages and unique options are discussed below.

Usable in any reservoir: The conduit system can be used either as a surface system or as a

submerged system.

Accommodates reservoir usage - surface and shore: The conduit system has the capability of

being placed on the surface or submerged. This makes it usable for reservoirs which have barge

traffic, boats, skiers, and fishermen.

Accommodates multiple tributaries: The conduit is so designed that branches from the main
conduit can run to all tributaries that feed into the reservoir thus assuring that all fish are
transported downstream.

Oxygenation: The system allows for the addition of oxygen if enough is not added naturally

through the surface sections. If this is required, the pressurized water supply to the pumps can be

supersaturated with oxygen and exhausted through the pumps into the conduit to supply oxygen

to the fish. Medication or anything else which is dissolvable in water could be supplied by this

route. This advantage is discussed further in Sections 2.1 and 2.5.

Underwater storage: Since the conduit will not be required year round, it can be sunk and

stored on the bottom for most of the year due to its flexibility and water tolerant design,

Recharging the flotation devices would bring it.to its operational grade when needed.

Variable location: The lightweight and flexible nature of the conduit system allows it to be

moved if future demands on the reservoir dictated. Modifications in its linear makeup

(substitution of underwater sections for surface sections) would also be possible.

Simple, mass-produced components: There are only two basic components to the system:

the conduit sections and the pumping sections (the underwater section is a fully-closed surface

section). The pumping sections are used to connect the conduit sections together. By consisting

of only two basic components, the system allows for full use of mass-production techniques.

• 0
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Easily installed onsite: The fabrication process for the conduit consists of unrolling the

conduit sections from the back of a construction boat, attaching the floats, and connecting the
sections with the pumping sections.

Simple operation from one location: The pressurized water for the pumping sections is
supplied from one or both ends of the conduit. Control of the pressured water constitutes
control of the conduit.

1.3 Development Program

The development program consists of two primary activities: establishing requirements and

designing and testing a prototype system.

1.3.1 Establishing Requirements

This task would scope the problem to be solved and include analysis of materials and

components needed for the system.

1.3.1.1 Biological Requirements. This task would guarantee that all operational

functions of the conduit were compatible with the known biological needs and behavioral

characteristics of the fish. These requirements would be finalized with the assistance of

Dr. Earnest Brannon, University of Idaho (U of I); experts from the University of Washington

(U of W), Dr. John Irving, INEL; and specialists from the industry.

1.3.1.2 Legal Requirements. This task would define any legal requirements or restraints

regarding the placement or operation of the conduit in the river system. This task would involve

interaction with the appropriate Federal, State, and local agencies involved with, or potentially

impacted by, placement and operation of the system.

1.3.1.3 Technical Requirements/Constraints. This task would define the technical

design and operation characteristics of the conduit itself. This task would consider not only the

engineering details required for the conduit to perform its transportation function, but also any

modifications to these engineering details dictated by biological or legal requirements.

1.3.2 Designing and Testing a Prototype System

This task would begin with an evaluation of the various alternative configurations. Then a

prototype system and 3,000 ft section will be designed and tested in water with fish.

1.3.2.1 Flexible Membrane Hydraulics. This task would determine the hydraulic

characteristics of a flow channel constructed of a very flexible membrane. The behavior of such a

flow channel is important in sizing pumps, choosing power supplies and restraint devices, and

selecting materials.

1.3.2.2 Materials Evaluation. This task would select materials for the membrane, floats,

hydraulic motors, pumps, and the smaller items used in the fabrication of the system. The
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materials selected must be biologically compatible with the fish (no plastics which might be
harmful to the fish), durable with respect to long life in the reservoir system, and as maintenance-
free as possible. C)

1.3.2.3 Pump Design. This task would design a pumping section with low-velocity blades,
peristaltic action, jet pumping, or other means in order to pump the fish through the channel with
minimal stress.

1.3.2.4 Sub-Scale Testing. This task would test flexible conduits and pumping sections in-

river prior to finalizing a conduit size and configuration. Ample test areas are located in the

Snake River adjacent to the INEL facilities.

1.3.2.5 Full-Scale Testing with Fish. This task would test a full-size (diameter) conduit

and pumping section(s) with various sizes of fish to guarantee that the system functions without

harm to the fish. Fish biologists will perform these tests.

0
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2. SYSTEM AND COMPONENT DESCRIPTION

2.1 Biological Requirements and Concerns

Success of the conduit concept depends, in part, on how compatible the system is with the
biological needs and behavioral characteristics of migrating smolts. Some of the initial biological
concerns include:

• Stress on the smoks
• Migration requirements (e.g., homing, imprinting, light/dark cycles)

• Water velocity (e.g., timing of entry to estuary)

• Feeding and resting opportunities
• Injury (e.g., pressure, water shear, physical contact with conduit structure)

• Exclusion of predators (e.g., fish, birds, mammals)
• Oxygen and temperature requirements
• Gas Supersaturation (N2).

These initial biological concerns are discussed below as related to the conduit concept. This

list, however, is not inclusive and other biological requirements and concerns may be identified as

design of the conduit system progresses.

Successful migration of smolts is directly related to the stress experienced during the

migration process—the higher the stress, the lower the survival of smolts. Minimizing the stress

experienced by smolts in each component of the conduit transport system is key to the success of

the system. In addition, collection of smolts and the successful by-pass of dams are key to any

transportation system, including the conduit system. The Corps is responsible for designing the

fish collection systems upstream of Lower Granite Dam and from tributaries (e.g., Tucannon

River) to connect to the main conduit system. The Corps will also design the passage through or

around dams.

Once in the conduit, migrating smolts will require certain environmental conditions. These

conditions can be divided into those that are life-threatening and those that impact the survival of

smolts or return of adults. Life threatening conditions include inadequate water quality (e.g., low

oxygen levels, high water temperatures) and an unsafe environment (e.g., presence of predators,

physical hazards) within the conduit system. Other conditions, while not life threatening, could

impact the survival of smolts downstream and thus, the return of adults to their natal areas (e.g.,

inadequate water velocity, no opportunity to rest or imprint on homing cues).

The ability to return to natal streams to spawn is essential to the recovery of the salmon and

steelhead stocks. Smolts must have the opportunity to imprint on homing cues found in the

Snake and Columbia Rivers and their tributaries. In addition, to complete the physiological

processes involved in migrating from freshwater to estuarine or saltwater, migrating fish must be

able to experience the normal light/dark cycles. Also, critical to this process is the timing of

reaching the estuary. Adequate water velocities must be maintained, throughout the conduit, to

transport fish downstream at about the same rate as occurred prior to construction of the dams.
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Basic water quality parameters, such as dissolved oxygen, water temperature, and gas
supersaturation must be maintained at adequate levels in the conduit to provide conditions
wherein fish can survive. Meeting the basic requirements will help minimize stress on the fish, (‘)thus enhancing survival. For those migrants that feed to maintain energy reserves (e.g., fall
chinook), food supplies must be available. Also, to increase survival, predators (e.g., birds, fishes,
mammals) must be excluded from the conduit system. Because fish would be concentrated in a
small area, predation could account for a significant loss, if not controlled.

Salmonid species have different requiremes for migration. The transportation system
designed to help smoks migrate downstream must take into account these differences. To be
successful, the conduit system and associated components (collection and dam by-pass facilities)
must minimize the injury and stress to fish passing through the system. In addition, the concerns
discussed above (e.g., water quality, predation) need to be considered when designing collection
and dam by-pass facilities and “resting” or “holding” areas for migrating smolts.

2.2 System Description and Operation

The Flexible In-reservoir Salmon Passage (FISP) is designed as a modular system consisting
of a small number of mass produced component assemblies. The assemblies can then be joined
together into a fish passage system which can be customized for use in any reservoir. Utilizing
easily connected flexible conduit sections as the primary building block, the system will transport
juvenile fish between tle collection facilities and the passage systems at various dams via the
route that has a minimum impact on other users of the reservoir. As shown on Figure 1, multiple
collection points at various tributaries can easily be accommodated. The FISP System can be
easily installed to provide a flexible, cost-effective method of transporting juvenile fish through
the Columbia River Drainage.

The FISP System is composed of the following primary component assemblies:

1. Flexible conduit (submerged or surface)
2. Pump stations
3. Junctions (between tributary and main conduit)
4. Head tank (at collection points)
5. Power piping or electrical conduit.

The flexible conduits are approximately 8 ft in diameter and are tentatively planned to be
1,000 ft in length. Sections can be joined (or disengaged) to each other, to pump stations, to
collection and delivery points, or to junctions between pipes. The conduit is constructed from a
thin translucent flexible material. The bottom of the conduit will have a mat with leafy, plant-like
structures to provide resting areas for the smolts along the conduit.

Most sections of conduit may be closed and have a circular cross section, as shown in
Figure 2. The closed sections will be submerged within the reservoir to permit navigation and
access from the shore for recreation or other use. Flowing water within the conduit will be at a
slightly higher pressure than the water in the reservoir so that the conduit will maintain its shape.

0
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Figure 1. This conduit system has both surface and submerged sections and can be configured to

reach all the tributaries draining into a reservoir if necessary.
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Figure 2. The conduit is completely closed in the underwater scctions to avoid the fish escaping

into the reservoir water. The conduit is anchored to the bottom. Since the design is only

conceptual at this point, the figure is meant to he illustrative only. Final design will dictate the

size of anchors, restraining cords, attachment process, and flotation devices.
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Buoyancy of the conduit is controlled to ensure that the submerged sections are not deeper than

required for navigation purposes. By controlling the depth of the conduit, gradients in

temperature, pressure, and available light can be minimized. Where required, sections of open

channel conduit can be installed on the surface of the reservoir. A surface conduit section is

shown in Figure 3. Most of the conduit wall for both the surface and submerged sections will be

fabricated from a comparatively impermeable material; however, porous sections will be provided

at junctions, pump stations, or other appropriate locations where excess water can be exhausted

to the reservoir while maintaining a current flow within the conduit.

Water (and juvenile fish) are introduced into a head tank at either the stream or river

collection facility or at the dam passage flume provided by the Corps (see Figure 4). A flow rate

of 150 to 200 ft3/sec will maintain a flow velocity within the conduit of 3 to 4 ft/sec. The head

tank provides sufficient head to pump the water and fish to the first pump station where water is

added for imprinting and enriched with oxygen as required. The projected head losses within the

conduit are about 4 in. per 1,000 ft. (A conduit system could be designed with flexible, high-

strength materials such that a head tank could supply all the impetus to transport the water and

fish to the next dam. However, periodic injection of water for imprinting and oxygenation would

still be required.)

Many options are available for pumping water (and fish) through the system; several of these

options are discussed in Section 2.4. All concepts considered (a) provide motive force to the

water, (b) provide make-up water for imprinting, and (c) permit oxygen injection as required.

If food is required, it will be added at the pump stations. The pumping concept ultimately

selected will conform first to the biological requirements of the fish and then second to

mechanical efficiency; however, the use of the flexible conduit does not hinge upon which pump

option is used.

Although the pump mechanism itself is submerged, each pump station would be suspended

from a barge or platform. This provides stability for the pump system and aids in locating and

maintaining the pump station. Each pump station will be anchored to equalize the thrust or

friction force. The conduit itself is anchored as required to maintain the proper depth and resist

the drift forces created by winds, currents, or eddies within the reservoir.

2.2.1 Maintenance and Repair

The modular design of the FISP system makes it inherently easy to maintain and repair.

Damaged conduit sections or malfunctioning pump stations that cannot be repaired in place, can

easily be exchanged and towed to an on-shore or near-shore servicing area. The modular system

also is easy to remove for cleaning and maintenance during the off-season months. Permanent

marker buoys can be used to mark the anchoring attach points. If a material can be identified

which resists the build-up of algae, the conduit could be sunk to the bottom of the reservoir for

stowage or simply left in place during the off season.
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Figure 3. The conduit is a very light, flexible membrane which is supported in the reservoir by
floats, which are held together by a series of crossties. The power supply carries high-pressure
water for the pumping sections. A resting area in the bottom of the conduit will be provided the
entire length of the conduit.
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CRTER1A FOR ‘PE.ST1NG AREAS FOR MNRAJlN HQLT5

There are several criteria that need to be considered when providing resting
opportunities for smolts migrating downriver in a submerged or surface

conduit. Smolts migrate downriver in a diurnal pattern, that is, peak
migration occurs between dusk and early morning (essentially during the light

limited periods of the day. While daylight may not directly increase stress,

it likely increases the effect of other stressors (e.g., predators). In a

river or reservoir environment, during the daylight hours, smolts are seeking

habitat with lower water velocities (< 1 fps) and adequate cover (e.g.,
substrate or water depth). This type of habitat provides refuge from
predators, high water velocities and likely reduces stress to the sniolt.

Therefore, resting areas should be low velocity (< 1.0 fps) with some form of

substrate or water depth for cover. Resting areas along the conduit should

provide the same type of opportunity (e.g., reduced velocity, cover, diurnal

pattern) that smolts find in the river and reservoir environment. The key to

success will be the ability to offer cover and reduced water velocities in an

environment with as little stress as possible. These areas need to be
situated so as to allow:

• voluntary use by the migrating smolt
• low velocities (< 1 fps) to reduce the drain on energy reserves

• cover as either substrate or depth V

Several configurations have been suggested for providing resting areas along a

submerged or surface conduit. These include:

• artificial turf along the bottom of the conduit
• a 11pen” off the main conduit
• flow-through” tubes off the mainconduit
• “blind’ tubes off t1e main conduit

Any of these concepts are feasible. The key is to what degree they can be

constructed and adapted to meet the resting requirements of migrating smolt.

A combination of the configurations may also be possible. Further

investigation will be needed to identify the best way to provide resting

opportunities for migrating smolts. This should include a more extensive

review of migrating habitat and criteria for smolts. It is obvious that

providing the exact type of habitat with the proper environmental conditions

is likely not possible. However, stress can still be minimized, by mimicking

or creating the criteria that exist in a natural environment.
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2.3 Conduit Design

The successful use of the flexible conduit depends upon finding a material that can meet all 0
the requirements. The material must be strong, yet lightweight; it must be translucent and
abrasion resistant; flexible, but limit stretch and deflection. It should be impermeable. It must do
all these things in an aquatic environment. An ideal material will be algae and fungus resistant;
materials of construction must have a very low water solubility and be chemically stable (no out-
gassing) so as not to imprint water. Materials that are on or near the surface must be resistant to
ultraviolet degradation.

Three potential materials for conduit fabrication have been tentatively identified:
polyethylene, Kevlar® (Dupont), and Spectra® (Allied Chemical). All have excellent resistance to
moisture and fungus attack. All can be obtained in translucent forms, and with proper additives
or protective coatings are resistant to ultraviolet degradation. Available data indicate that they
have very low solubility and are chemically inert in the aquatic environment. Both Kevlar® and
Spectra® have excellent strength and stretch properties. (Both have been successfully used in
bullet-proof vests.) Spectra® has already been used in the commercial fishing industry for fish
nets. It has excellent strength and abrasion resistance and can be fabricated into fiber and fiber-
reinforced sheets.

2.3.1 Open (Surface) Conduit Sections

As shown on Figure 3, the surface conduit section is an open channel fabricated from a
suitable material (membrane) which is affixed to a semiflexible float. The float is constructed ()from a highly buoyant material that allows the walls to float high enough off the surface of the
water to contain the flowing water within the channel. (The water level within an open channel
must be at a slightly higher level than the surrounding reservoir.) The floats are held together by
a series of crossties which keep the conduit channel from being spread apart by the flowing water.
The crossties will likely be fabricated from polyethylene, Kevlar®, or Spectra® fiber. The top of
the channel will be covered with a net to protect against predatory birds or mammals. (A
properly fabricated net could double as a crosstie.) A resting area will be provided in the bottom
of the water-cartying channel for the entire length of the section. The rest area consists of leafy,
plant-like ribbons fabricated from the same material as the conduit wall and affixed to the bottom
or a mat on the bottom of the conduit.

2.3.2 Closed (Submerged) Conduit Sections

Figure 2 illustrates the details of a submerged section of the conduit. The submerged
conduit is completely closed to prevent juvenile fish from escaping and preclude predatory fish
from entering. As in the surface conduit, an artificial “cover” is affixed to the bottom of the
conduit to provide a rest area the entire length of the section. The buoyancy of the conduit will

be controlled to preclude excessive settling or sagging due to particulates, debris, or organisms
that collect within the conduit system. The anchoring system will be designed to be self-
leveling—that is to keep the conduit suspended from the top or bottom at a nearly constant depth

or elevation.

0
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2.3.4 Power Piping for Pump Stations

Pressurized water may be used to power the pumps (see Figure 5). The pressurized water

may be provided in one or two pipes running parallel to the flexible conduit. The pipes will be
12-in, in diameter and tied to the conduit. The pipe may be more rigid than the conduit to act as

a stabilizing member to the conduit section if needed. The two pipe configuration may be

particularly effective for this purpose (see Figure 2). The added stiffness may also offset excessive

sagging or settling of the submerged conduit sections. Another option for transporting

pressurized water is to fabricate a tube as an integral part of flexible conduit. The integral power

tube would be fabricated from the same conduit material with additional wall thickness to provide

the required strength.

2.3.5 Anchoring the Conduit

The conduit experiences many loads and forces. There are the loads due to the internal

flow and the associated pressure head. The cross sectional load due to the internal flow alone

has been calculated to be 1,045 lbf per 1,000 ft of conduit at a flow of 150 ft3/sec. This results in

a hoop stress of about 700 psi and an axial stress of roughly 350 psi in a 10 mil (.010 in.) thick

8 ft diameter membrane. At a flow rate of 200 ft3/sec the thrust is 1,551.6 lbf. (Note:

calculations are based upon a submerged conduit section.) The total axial thrust generated over a

30-mile reservoir is about 170,000 lbf. This must bereduced by tiedowns in small increments over

the entire length.

The conduit is subjected to external forces from currents and eddies within the

river/reservoir. Although the conduit should lie parallel to the flow of the river, the currents

within the slack water behind a dam are the cumulative effect of those forces over many miles

and can be very significant. Forces on the order of magnitude required to react the cumulative

internal load (170,000 lbf) would not be wholly unrealistic. Surface sections will be subjected

directly to wind forces and both surface and submerged sections will be subject to currents created

by the wind. Almost all of these loads are dynamic. The exact reaction and behavior of the

conduit will be evaluated in the next design phase.

In addition, there are buoyant forces acting on both the submerged and surface conduit.

The materials used for fabrication are buoyant, and the conduits may tend rise and float. An

anchoring system must be capable of holding the submerged conduit at a predesignated depth. As

debris and organic materials collect in the bottom of the conduit, the buoyancy will change and in

time the conduit may tend to sink or sag. The addition of buoyant material or suspension from

barges or platforms could be required, and the system will have to be able to compensate for

these changes in buoyancy.

Two methods will be used to react the various forces within the conduit system. The system

will be anchored to the bottom of the reservoir periodically as needed. Anchor cables will be

attached at each pump station and additional anchor points will be attached to the conduit at the

stiffening rings (see Figure 2). The anchor cables will be fabricated from an impermeable, flexible

fiber, such as polyethylene, Kevlar, or Spectra. In addition three axial cables or rib lines will

run the length of the conduit. These axial cables will be of high-strength materials, such as

polyethylene, Kevlar, or Spectra® and may be bonded, woven, or an integral part of the conduit
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Figure 5. The pumping section of the conduit is a separate unit used to connect the individual
membrane sections together. The unit is designed to operate on the surface or in the submerged
sections, deriving its power from the pressured water line which runs the length of the conduit.
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and anchored along the length and fixed at the end points of the conduit. (All reactive forces will
be tensile.)

2.4 Pumping Unit

Several pumping configurations will be evaluated. The biological requirements imposed by
the fish will be of primary consideration in selecting a final configuration. Pumping is needed to
maintain the water velocity in all surface sections of the conduit and in some configurations of the
submerged sections. Pumping will also be required to add reservoir water for imprinting and to

oxygenate the water in all conduit configurations. The alternative configuration given the most

attention to date is an axial flow pump that is discussed in the following section.

2.4.1 Axial Flow Pump Configuration

The pump arrangement and principal dimensions are shown in Figures 6 and 7. The pump

provides a positive pressure to the flexible membrane conduit and adds energy to the fluid stream

to keep the fish and water moving. The pump impeller is a two blade propeller rotating at

30 rpm. The number of blades, rotational speed, and blade spacing have been selected so as to

minimize any detrimental effect on the fish. Previous studies of hydraulic turbines would indicate

that an impeller of this design will have no detrimental influence on the fish. The impeller is

driven by an integral water motor supported on hydrostatic water bearings. The water that is used

to drive the water motor is also used to supply pressure to the hydrostatic bearings. The two lobes

of the water motor are geared to each other with spur gears which run in water. The intent is to

provide a completely submerged unit that operates on river water and requires no oil or grease.

The water to drive the pump and support the bearing would be pumped Out of the reservoir by

an onshore pumping station. It is envisioned that one onshore pumping station would be provided

for every 10 in-stream pump units or at approximately 2-mile intervals. A pump station would

provide a flow of 1,600 gpm at 200 psig. The power to drive the pump station would be

approximately 350 horsepower. The pump flow is transported in 12 in.-pipe out to the location of

the conduit. At this point it joins a pressurized water header that is an integral part of the conduit

structure. At each in-stream pump unit, 160 gpm would be tapped off the header to provide the

necessary motive water to turn the impeller and support the bearings.

2.4.2 Pumping Requirements

A preliminary impeller design was performed using the following assumptions:

• Fluid—water
• Duct size—8 ft diameter
• Duct velocity—3 ft/sec
• Distance between pumping stations—1,000 ft

The flow rate is determined to be 150.8 ft3/sec (67,680 gpm or 9409 Ib/sec) and the Reynolds

number is 2.2 x 106. The duct wall is assumed to be smooth with a friction factor of .01. The

frictional loss for 1,000 ft of duct is 2.09 in. of water. Typical dynamic losses would be 1.5 velocity

heads for entrance and exit losses. However, the pumping units are laid out in series and most of
the dynamic energy would be preserved from one unit to the next. A dynamic loss of 1 velocity
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head has been allowed. This gives a total head requirement of approximately .333 ft (4 in.) of

water per 1,000 ft of duct length.

2.4.3 Pump Type

For low head and high flow the most efficient type of impeller is an axial flow rotor.

Preliminary impeller dimensions were determined by using specific speed design charts and

velocity diagrams.”2 Geometrically similar turbomachines with the same specific speed will have

the same fluid velocity triangles and approximately the same performance. Specific speed for

pumps is typically defined as follows:

N,=NxGPM/Ht7

where

N5 = specific speed, rpm gpm/ft75

gpm = flow, gallons/minute

H = head, feet

Using a specific speed of 18,000 gives a rotational speed of 30 rpm for a two vane propeller

type impeller. The blade tip diameter is 96 in.; the hub is determined to be 38 in. and the mean

blade diameter is 73 in. At the mean line the blade cord is 46 in. and the fluid inlet angle is

21.45 degrees; the exit angle is 24.13 degrees. A pump efficiency of 70% is assumed.

2.4.4 Power

The theoretical pumping power is head times flow:

Power=Head*Flow=(.333)(9409)/550 5.702 HP

The required input power to the in-stream pump impeller is the theoretical power divided by the

pump efficiency; or 8.14 horsepower. This then becomes the output power of the water motor.

The input power to the water motor is 11.62 horsepower, if an efficiency of 70% is allowed.

2.4.5 Thrust

The rotor thrust is reacted through a hydrostatic thrust bearing to the pump housing and its

floating support structure. The structure itself must be anchored to the river bottom. The thrust is

estimated to be approximately 1,000 pounds.

2.4.6 Drive Motor

The pump impeller is driven by a two lobe water motor. The water motor is similar to a lobe

type compressor in configuration. One lobe of the motor is mounted on the same shaft as the

18



pump impeller and the other lobe is geared to the shaft through spur gears. The inlet pressure to
the drive motor is 200 psig and the outlet pressure is 0 psig. The estimated lobe dimensions are
10 in. diameter by 8 in. long. The drive motor is assumed to be 70% efficient, which results in a
required flow of 100 gpm. An additional flow allowance of 60 gpm has been made for the
hydrostatic bearings.

2.4.7 Materials of Construction

The impeller blade is a twisted tapered airfoil to provide maximum efficiency and minimum
noise. The blade bending stress will be low and it is anticipated that the rotor blades would be
constructed of fiberglass over a preformed urethane foam core. The shaft, water motor housing,
.water motor lobes, and other precision high stress parts would be made of 300 series stainless
steel. The lobe gears will be made from a high strength plastic.

2.5 Alternate Design

2.5.1 Jet Pump

A jet pump is an attractive alternate concept because it removes the possibility of fish
coming in contact with or being stressed by the rotating impeller. An additional advantage is the

elimination of pump/motor development and the potential of using standard ümping equipment.

This could allow for rapid development and testing with a minimum of cost and risk. Preliminary
calculations and rough sizing were carried out using available data2. The general arrangement is

shown in Figure 8. The motive water pumps would be barge mounted and only the impellers
would extend below the surface of the water. The drive system could use conventional electric

motors. One barge is provided at each in-stream jet pump location.

The motive jet nozzle is 26 in. in diameter. This is directed into a mixing section 67 in. in
diameter. The maximum jet velocity is 13.7 ft/sec and the jet flow is 50 ft3/sec. The fluid in the jet

mixes with the surrounding fluid and drags it along by shear, adding its energy to the total flow

stream energy. The mixed flow then passes to a diffuser section where the flow is slowly

decelerated and the velocity is converted to static head. The combined flow at the pump exit is

150 ft3/sec.

The principal disadvantage is that even the best jet pumps are only about 30% efficient. The

proposed preliminary design requires about 30 horsepower per 1,000 ft where the axial flow pump

needs only about 11 horsepower per 1,000 ft. The jet adds a substantial amount of reservoir water

at each pump station. This allows for imprinting and fresh oxygen supply. Some water would be

allowed to escape from the flexible conduit so that the average velocity and flow rate would

remain approximately constant. The maximum jet velocity would be 13.7 ft/sec. This is not greater

than velocities fish are naturally subjected to from time to time in open-river conditions.
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Figure 8. Jet pump general arrangement using preliminary calculations and rough sizing.
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2.6 Gravity Flow Schemes

2.6.1 Head Tank

Water supplied to a head tank could allow gravity to propel the fish and water down the
flexible membrane conduit. Water for the head tank could be provided from an upstream dam or
it could be pumped locally. This concept is limited by the strength of the flexible conduit (which

will not pose a problem with modern high-strength fibers) and the ability to get the fish into the

head tank. This concept is probably appropriate for the first station downstream from a dam. The

fish bypass the dam in a flume (see Figure 4) and at the point that the fish and water empty out

of the flume, they would flow directly into a head tank that feeds the flexible conduit. The tank

level would be adjusted with a weir.

2.6.2 Sequential Gravity Flow System

A variation on the head tank idea is to move the water and fish downriver by sequentially

raising and lowering the level in a series of tanks connected to the flexible conduit (Figure 9).

Each tank has an inlet and outlet connection to the next tank. The water and fish progress

downstream driven by gravity and the elevation difference from tank to tank. The level difference

from tank to tank is provided by pumping water into the upstream tank. An inlet check valve is
provided on each tank so as to allow flow in only one direction. This valve would be power

operated and sequenced to the pump operation. The pump is external to the conduit and isolated

from the fish. New water is provided at each pump station to aid in imprinting the fish and

providing a fresh oxygen supply. The fish would accumulate in the downstream tank as water is

pumped into the upstream tank. If the tanks were placed at 1 mile intervals the approximate

head difference would be 20 in. of water. The tanks would open at the top and would be shaped

to minimize negative biologic effects. The sequence frequency and tank size would require

additional study.

2.6.3 Peristaltic Pump

Figure 10 illustrates an option that could possibly be developed for pumping water through

the conduit. This peristaltic pump moves water in the same fashion that the human digestive

system moves material through the body (this is the process that allows humans to drink water

while standing on their heads). The efficiency of this process as a pumping mechanism is not

known at this time but should be evaluated as a possible option, since it would be gentle to the

migrating fish.

Two concepts exist for inducing the waves within the conduit. The first concept would use a

series of mechanisms such as a hydraulic ram or other device to pull the conduit walls together.

By synchronizing the alternate closing and opening of these mechanisms, a wave motion like that

shown in Figure 10 could be induced within the conduit. It is obvious that significant inefficiency

will result since as much work is done on the reservoir as is done on the water within the conduit.

The second concept would use a series of inflatable bladders within the conduit. This option

could also be used to induce the desired wave option, but has the advantage of not expending

energy on the reservoir.
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Figure 10. Peristaltic pump.

2.7 Biological Features

The conduit system has been designed to meet the biological requirements and concerns
described in Section 2.1. Not all concerns can be adequately addressed in the initial design stages.

As other concerns are identified, modifications will be made to the design. Some concerns may

require testing of a prototype system to fully address all the issues. Description of engineering

designs addressing specific biological concerns relate to the following:

• Feeding and resting opportunities
• Oxygen and temperature requirements
• Migration requirements
• Water velocities.
• Stress and injuiy
• Predator control.

Resting and feeding opportunities may be necessary in a conduit extending from the

confluence of the Snake and Clearwater Rivers to the estuary waters of the Columbia River.

Placing a mat (similar to artificial turf) along the bottom of the conduit would provide a refuge

from water velocities and medium for food to attach and grow (see Figures 2 and 3). By placing

this mat along the entire length of the conduit, smolts could rest and feed at any point. Other

resting areas may be necessary along the length of the conduit. The Corps is presently designing

these areas. The key to these resting and feeding areas is to allow the smolt to migrate

volitionally. In addition, minimizing stress in these facilities and facilities that transfer the smolt to

the conduit is critical to the success of the conduit system.

To maintain ambient water conditions (e.g., appropriate oxygen, temperature, and

supersaturated gas levels), river water will be added at points along the conduit. This will also

allow smolts to imprint on important homing cues while migrating through the conduit. In

addition, the subsurface sections of the conduit would be constructed from clear material, thus

allowing smolts to experience light/dark periodicity. Pump stations placed along the conduit will

23



maintain water velocities at levels that will transport smolts downstream at or near historic (pre
dam) rates (3 to 4 ft per second). In addition, pump stations interject river water, providing
imprinting opportunities and, if necessary, oxygen. Injury and stress resulting from encounters
with pump impellers is a concern. Several types of pump designs are being considered, that do
not use impellers, to move water through the conduit (see Section 2.4).

Predator control will be important within the confines of the conduit and associated systems
(e.g., collection and dam by-pass facilities). Surface or open sections of the conduit will be
screened with mesh material to exclude mammal and bird predators. Aquatic predators such as
squawfish will present a challenge. Their numbers within the conduit and other facilities will need
to be minimized to reduce losses. The use of screens at the collection facilities or other selective

mechanisms could restrict or eliminate large predators (e.g., squawfish) from the conduit, thus
decreasing or removing predation as a factor in downstream survival.

2.8 Engineering Design Issues

Several design issues must be resolved before the system can be installed into the reservoir

system. The hydraulic response of a liquid flowing through a conduit within the reservoir is not

known. This response needs to be better understood and quantified if the conduit is to be
properly restrained and stabilized. Another issue is how best to transmit the power for running

the pump mechanism. One option is the pump mechanism itself. The option chosen must not

only be the most efficient option for moving the water, but also the best option for allowing the

least amount of stress to the smolts.

All of the issues, except the issue of transporting the salmon, should be resolved by

constructing and testing a prototype. The effects of transporting the wild salmon can only be

measured in terms of adult salmon returning to their native streams to spawn.
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3. PROJECT MANAGEMENT PLAN RENEWABLE ENERGY
PROGRAMS FLEXIBLE IN-RESERVOIR SALMON PASSAGE

3.1 Statement of Work

3.1.1 Purpose

The purpose of the conduit design is to provide a environmentally-acceptable safe passage
for juvenile fish down the Columbia River system.

3.1.2 Background4

The waterways of the Columbia River Basin have been the source of remarkable bounty for
the Pacific Northwest. For centuries, they have provided habitat and migratory routes for fish and
wildlife. In recent history the basin has also produced electricity, and provided water for
irrigation, navigation, recreation, municipalities, and industry.

But even the richest resource has limits, and water—especially in the West—is a finite
resource. Over the years competing demands for the Columbia Basin water have begun to
converge into what in some cases is a deadly competition, especially for certain fish runs. This
growing crisis has been evident for a number of years and there have been significant and, to
some degree, successful efforts to deal with it. But time has not been on the side of the fish.

The basin’s salmon and steelhead runs that use the basin for their spawning beds, rearing areas,

and corridors to and from the sea have been dwindling at alarming rates for over a century.

In 1991, only seven sockeye salmon were spotted making the grueling 900-mile migration

from the Pacific Ocean to their spawning grounds in Idaho’s Redfish Lake. Of the four that
made it to the lake, only one was a female. In mid-November 1991, the National Marine

Fisheries Service officially declared these Snake River sockeye salmon an endangered species.

This declaration triggers a set of actions required under the Federal Endangered Species Act

of 1973. One of these actions is the development of a recovery plan. The Endangered Species

Act sends a clear message—the region does not have the option of taking no action.

Fortunately, the Pacific Northwest has not lost time simply debating whether the sockeye

and other fish runs proposed for listing (spring, summer, and fall chinook) are in fact threatened

or endangered. Building on its decade of experience in dealing with salmon, the Northwest began

developing its own plan more than a year ago. The National Marine Fisheries Service has sent

strong signals that it will use a regional plan as a basis for developing its own recovery plan.

Important groundwork for the regional plan was laid during the Salmon Summit, convened

in late 1990 by the Northwest’s Governors (Idaho, Montana, Oregon, and Washington), and

Senator Mark Hatfield (Oregon). The summit, made up of users, policy, and interest groups

connected with the Columbia Basin’s waterways, developed critical short-term measures that were

implemented in 1991 to stem further decline. These measures bought the region some time.

From there, development of a regional salmon rebuilding plan moved to the arena of the
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Northwest Power Planning Council (NWPPC), the interstate body that has provided a regional
forum for the past 10 years through its Columbia River Basin Fish and Wildlife Program. The
NWPPC, whose members are appointed by the Northwest Governors was directed to develop its
program under the Northwest Power Act.

The NWPPC took up where the Salmon Summit left off, in early 1991, by initiating a
process to amend its fish and wildlife program in four phases. The first three phases will

constitute a salmon rebuilding plan aimed not only at rebuilding the three stocks proposed for

listing under the Endangered Species Act, but also at aiding all weak salmon stocks. The fourth

phase of the amendment process will address resident fish and wildlife.

This plan, developed with regional input, is an essential guide for the National Marine

Fisheries Service. Without it the Federal government or the courts would impose an action plan

of their own. A regional plan, based on extensive input from all the basin’s interest groups as

well as Northwest citizens, has the advantage of reflecting the unique values, perspective, and

interests of the Northwest.

3.1.2.1 Historical Perspective. The problems for the basin’s fish have been more than a
century in the making. The Columbia River Basin Fish and Wildlife Program is not quite 10

years old, about the age of two generations of salmon. While a decade has not been sufficient

time to arrest the salmon’s decline, it has been adequate time to teach the region some important

lessons. Any approach to fisheries recovery will require contributions from all who benefit from

the river. A rebuilding plan must be comprehensive; piecemeal efforts simply have not been

effective. C.)
The scope of the recovery challenge is best illustrated by comprehending the salmon’s

extensive habitat; an environment defined by migratory habits that recognize no governmental

boundaries. Salmon are born in inland headwaters and travel downstream to mature in the ocean.

Depending on the species, they return to the river after 3 to 5 years in the ocean. Thanks to an
extraordinary homing instinct, they make their way to their home tributaries where they spawn

and die. This extensive habitat, sometimes involving 1,000 miles, became the arena for salmon

recovery efforts in the 1980s.

During the 1980s, for the first time, the region looked at a coordinated approach involving

the salmon’s habitat; their passage down the rivers, particularly the main-stems of the Columbia

and Snake; their harvest; and their production (both natural and artificially-aided). This approach

echoes pleas to take an ecosystem approach to recovery under the Endangered Species Act, and

it remains the foundation for a recovery plan in the 1990s.

While the foundation laid in the past decade for a system-wide approach was sound, the

focus of the 1980s proved too narrow. The fish and wildlife program’s interim goal was to double

runs, but not at the expense of genetic diversity. Overall runs ranged between about 1.5 and 4

million in the 1980s. However, some weaker runs continued to decline, thereby threatening

genetic diversity and fitness. It became apparent that the diversity of the runs, not just the

number of fish, is a significant consideration.
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Despite some gains made in the early 1980s, overall salmon and steelhead populations are
only about one-fifth of their original run size, before the influence of man’s development. Only
about 20% of the remaining fish spawn naturally in area rivers. Most naturally spawning stocks

are declining, and some, such as the Snake River spring, summer, and fall chinook and sockeye,

have declined persistently to critical levels.

3.1.2.2 An Expanded Focus. The endangered species petitions dramatically underscored

the need to make preserving the diversity of the runs a higher priority. This renewed focus also

affected NWPPC’s own role. Previously, NWPPC’s fish and wildlife program had addressed

primarily the effects of the hydropower system on salmon and steelhead.

With the endangered species listings, it became clear that a realistic recovery effort had to

be broader, involving all the river uses: power production, flood control, irrigation, navigation,

water supply, recreation, land development practices, and fishing. When the Northwest

Governors, a Congressional delegation, and the National Marine Fisheries Service looked to

NWPPC to come up with a comprehensive recovery plan, they also asked NWPPC to consider all

of these river uses.

NWPPC is in the process of developing an integrated plan that seeks contributions from all

river users; however, NWPPC recognizes it has limited authority. In those areas where it has

authority, this plan must be implemented by the appropriate agencies. In those areas where

NWPPC lacks explicit authority, the plan is a strong recommendation. NWPPC urges

implementing of even advisory measures on the grounds they make sense and could forestall more

stringent measures that could be imposed from outside the region.

3.1.2.3 Phased Recovery Effort. NWPPC is instituting a regional salmon rebuilding plan

through amendments to its Columbia River Basin Fish and Wildlife Program. Existing measures

in the program, as well as additional measures described below, will be integrated into an overall

framework. Because of the size of the task and because some measures needed immediate

implementation, NWPPC has broken down its effort into the following phases.

NWPPC Phase One: High Priority Production and Habitat Measures

In this phase, competed in August 1991, NWPPC approved high-priority measures

aimed at improving production and habitat for weak salmon stocks. NWPPC selected

measures to be funded in the current year’s budget that showed the greatest promise

for aiding weak stocks in the short term. As a result, the region launched a large-scale

program to screen water diversions, initiated measures to protect the genetic integrity

of weak stocks, and endorsed an emergency captive brood stock program for the

severely depleted Snake River sockeye. These measures are already being

implemented.

• NWPPC Phase Two: Main-Stem Survival and Harvest

Phase two began in late summer of 1991 and was completed in December 1991.

NWPPC took two approaches in this phase. First, it identified main-stem survival,

harvest, and some production and habitat measures that needed to be implemented for
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the 1992 salmon migration. Second, it committed the region to implement additional
measures to further improve salmon and steelhead survival as soon as they are
evaluated for feasibility, biological soundness and compliance with the Northwest Power
Act.

NWPPC also began developing a framework that will tie all the new and existing
program measures together. The framework includes objectives and performance
standards. Because this document embodies conduit development as a part of phase
two, it is discussed more fully below.

NWPPC Phase Three: System Integration

This phase began in late 1991 and should be completed by late spring 1992. In this

phase, NWPPC will consider issues raised in connection with the Integrated System

Plan developed by the Columbia Basin Fish and Wildlife Authority. This is a proposed

plan that coordinates efforts to produce more salmon and steelhead in the nearly three

dozen subbasins that produce these fish. NWPPC also will consider broad issues of fish
production and habitat policy, including the connection between recovery efforts for
weak stocks and efforts to increase other stocks. This phase will also address passage

issues in such areas as the mid-Columbia and Williamette Rivers.

The framework started in phase two will be completed in phase three. It will include

rebuilding schedules, biological objectives, and performance standards. If necessary,

particularly if new information emerges, NWPPC may revisit areas addressed in the

previous two phases. (J)
NWPPC Phase Four: Resident Fish and Wildlife

The first three phases will constitute a regionally proposed salmon and steelhead
recovery plan. However, the Columbia River Basin Fish and Wildlife Program is even

broader. Congress directed it to protect and enhance all the fish and wildlife in the

Columbia Basin that have been affected by hydropower. Phase four will take up issues
related to resident fish (fish that do not migrate to the ocean) and wildlife. NWPPC
has asked interested parties to submit recommendations for amending the resident fish
and wildlife portions of the program by September 1992. This phase, which will
complete the overall updating of the fish and wildlife program, is expected to be
finalized during 1993.

A Closer Look at Phase Two

NWPPC had three purposes in developing amendments for phase two. It was seeking to

take major steps toward a long-term comprehensive plan for recovery of weak salmon and

steelhead runs that will:

Maintain the genetic resources and biological diversity of wild, naturally-spawning, and

artificially-propagated populations
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2. Preserve, wherever possible, the number and character of remaining runs

3. Increase, over the long term, sustainable fish populations sufficiently to provide an
adequate harvest for tribal, sport and commercial fishers.

Phase two calls for a wide variety of immediate actions, including increased flows in the

Columbia and Snake rivers, fish passage improvements at federal hydroelectric dams, measures to

improve survival between dams, better juvenile fish transportation methods, predator controls, and

controls on harvest.

Many of these actions are directed at minimizing the time it takes juvenile fish to travel to

the ocean. Because survival increases as travel time decreases, reducing travel time by increasing

flows is expected to increase survival, particularly in low-water conditions. A key immediate

action calls for storing more water behind the dams during the fall and winter, and releasing it in

the spring during the critical juvenile salmon and steelhead downstream migrations. The

increased flow would help speed the fish to the ocean and reduce their exposure to predators and

disease. The phase two amendments make it clear NWPPC is committed to substantially

shortening spring salmon migration times through immediate steps; including, improved flows and

water velocity, improved bypass and transportation, as well as other measures designed to aid fish

migration. NWPPC has employed all the feasible steps it can identify to achieve the existing

water budget, plus, allocating substantially more water for flow regimes that aim for at least

85,000 ft3/sec in the Snake River and over 200,000 ft3/sec in the Columbia River. These flows

should increase the survival of Snake River spring and summer chinook and sockeye salmon.

But even these steps, along with other measures adopted in phases one and two, do not

appear to be enough to stem the decline of certain stocks. Flow augmentation is only one way to

reduce travel time. Another way is lowering reservoirs so water flows faster and fish spend less

time in slack reservoir pools. NWPPC has called for a reservoir drawdown plan for the lower

Snake River and has set aggressive schedules for operations, design, mitigation and biological

plans. This drawdown, along with water conservation, new storage, innovative power operations,

and other measures to improve in-river migrations, will be implemented unless they are shown to

be structurally or economically nonfeasible, biologically unsound, or inconsistent with the

Northwest Power Act.

NWPPC also included measures aimed at protecting adult fish so that a sufficient number

can return to spawn and rebuild salmon and steelhead populations. These included commercial

and sport harvest reductions, new techniques to enable selective harvests, and a program to

reduce commercial fishing in the short term. NWPPC is calling for a harvest reduction of fall

chinook to 55% of the annual run, down from a high of 77% in recent years, and a halt to the

commercial harvest of sockeye below the confluence of the Snake and Columbia Rivers. Only a

limited ceremonial and subsistence fishery, as provided by treaties, should be permitted in order to

protect any remaining adult Snake River sockeye. Measures were also adopted that provide for

temporarily leasing commercial fishing licenses to further enhance the survival of adult fish

returning to their spawning beds. A measure also was included to continue evaluation of cool

water releases from behind Dworshak Dam to provide healthier water temperatures for adult fall

chinook.
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How Su,vii’al will be Affected

If all of the immediate measures are implemented in time for the Snake River spring C”)
migration, they would lead to a slow and steady rebuilding of several stocks. For some stocks, -

these measures may do little more than stabilize their populations. For a few stocks, these actions

will not be abundant on their own. It is certain that more effort will be needed and it is also

clear that expanded efforts to improve habitat for every stage of the salmon’s life cycle are critical.

This is illustrated in NWPPC’s modeling analysis for Snake River spring chinook. In this

analysis, NWPPC modeled improvements in flow and velocity, extended-length screens at several

main stem dams, and reduced reservoir mortality resulting from the control of predators. The

analysis evaluated the effects of these measures on naturally spawning spring chinook stocks with

low, moderate, and high productivity. This allowed the analysis to cover the range of habitat

quality and biological characteristics for spring chinook in different parts of the Snake River

drainage.

The measures should provide the largest benefit in the driest years when fish are at greatest

risk. For such years, with all the measures in place—improved flows, reservoir drawdowns,

extended screens, and a reduction in reservoir mortality—the survival rate for all juvenile spring

chinook should increase from just under 30 to 39%, and the rate for nontransported fish should

jump from 4 to 22%.

The importance of appropriate main stem and harvest improvements in rebuilding weak

stocks is obvious, and NWPPC has focused on these factors in phase two of this process.

However, one of the insights that has emerged from analysis of these measures is the role of good

habitat and other conditions that improve productivity in tributary watersheds. In NWPPC’s

modeling analysis, the more productive stocks (stocks which come from subbasins with better

habitat and environmental conditions) will increase in numbers over the coming decades, provided

the measures contained in the amendments are implemented. On the other hand, less productive

stocks, which typically come from subbasins with degraded habitat, do not fare as well, and the

least productive stocks trace a dark line toward extinction. Thus, while main stem and harvest

measures remain important, improved habitat for low productivity stocks is essential.

The situation for Snake River fall chinook reflects the most uncertainty. Even when all

measures in these amendments and the existing program are implemented, it will be difficult to

rebuild the fall run. Supplementation, additional measures addressing habitat, and further

evaluation of flows appear to be critical. NWPPC has established a rebuilding schedule for this

severely depressed stock.

Even the more promising numbers for spring chinook do not take into account the vagaries

of nature. Because some runs are so precarious another El Nino, sustained drought, or other

unpredictable events could deal irreversible setbacks. While the timing cannot be predicted, it

would be naive not to expect such an event. The more the runs can be strengthened in the

meantime, the more likely they will survive uncontrollable and random catastrophes.

0
30



3.1.3 Tasks

3.1.3.1 Preliminary Conduit Concept Analysis.

Review design requirements.

Requires INEL and its subcontractor personnel to review fish habitat, materials and
equipment requirements for designing a Columbia River downstream fish passage
conduit system:.

• Prepare review questions and discussion items to bring before the conduit team
members.

Requires both INEL and subcontractor personnel to meet and prepare a list of
questions and discussion items to present to the Corps at a preliminary meeting.

• Prepare conceptual drawings and equipment specifications.

Requires the INEL Engineering Department to prepare conceptual drawings and
equipment specifications for the downstream fish conduit for submittal to the Corps
through the project manager.

a Transmit conceptual drawings to the conduit team for review.

Requires the project manager to transmit the conceptual drawings and equipment
specifications to the Corps in the shortest and most economical manner for review.

3.1.3.2 Prototype Design.

• Prepare conduit prototype design (CPD) drawings and equipment specifications for
review by conduit team members.

Requires the INEL Engineering Department to prepare drawings and equipment
specifications for the downstream fish passage conduit for submittal to the Corps
through the project manager.

• Transmit CPD drawings and equipment specifications to the conduit team for review.

Requires the project manager to transmit the CPD drawings and equipment

specifications to the Corps in the shortest and most economical way for their review.

• Review and incorporate the CPD reviewers’ comments.

Requires the INEL Engineering Department to review comments received and correct

the final drawings and equipment specifications for the downstream fish passage
conduit for submittal to the Corps through the project manager.

31



• Transmit final CPD drawings and equipment specifications to BPA through the Corps.

Requires the project manager to transmit the final CPD drawings and equipment
specifications to the Corps in the shortest and most economical way for their review.

3.1.3.3 Prototype Demonstration Installation and Testing.

• Prepare test plan for test sections of conduit to be installed in the Gem Lake section of
th Snake River.

Requires INEL to prepare a test plan and submit it to the conduit team for review and
comments.

• Install demonstration section (3,000 ft) in Gem Lake.

Requires INEL to purchase material and equipment for the conduit and install three
1,000 ft sections in the Gem Lake for testing.

• Test demonstration section for a period not to exceed 90 days.

Requires INEL to take readings, examine, and observe the conduit prototype’s test
attributes while the conduit is in Gem Lake.

• Report findings from the demonstration test to the conduit team.

Requires INEL to write a report on the test results and submit to BPA through the
Corps.

• Make design changes resulting from the demonstration test.

Requires the INEL Engineering Department to review the test report findings and
modify the conduit drawings and equipment specifications for submittal to the conduit
committee for final approval.

• Submit final drawings for an in-place full scale conduit test in the Columbia River.

Requires the project manager from the INEL Engineering Department to review
comments received and to modify the final drawings and equipment specifications for
the downstream fish conduit.

• Submit the final conduit drawings and equipment requirements to the BPA through the
Corps by the project manager.

3.1.3.4 Subcontract Administration.

• Manage any subcontracts while in progress, assuring that the schedule is maintained.
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Requires the project manager to work closely with the contract administrator and any
subcontractors to assure the schedule is maintained.

• Coordinate the subcontract deliverables.

Requires the project manager to work closely with the contract administrator and any
subcontractors to assure the deliverables are in a timely manner.

• Coordinate the subcontract closeout.

Requires the project manager to work closely with the contract administrator and any
subcontractors to assure an orderly closeout.

3.1.4 Scope of Work

The Support Team (INEL and any subcontractors) shall provide support services in the
areas of technical, cost, design, evaluation of biological/environmental compatibility with fish and
assessment of fish conduit. These services will be in support of the conduit team.

INEL/subeontractor support services work tasks will consist of the following (given in
chronological order):

• Review of fish habit requirements.

Any inconsistencies and exclusions will be noted as questions. Items requiring additional
clarification will be noted for discussion with the conduit team. The INEL Conduit
Support Project Manager will then forward the review questions and discussion items to
the conduit team.

• Review trip to Corps’ office in Portland, Oregon two weeks after the review question
have been submitted to the conduit team.

A meeting will be held at the Corps’ office to go over the review questions and
discussion items previously submitted. This meeting typically should last one full day,
the morning will be devoted to an overview and a review of technical details and the
afternoon will be devoted to cost and schedule details.

• Development of conduit design drawings.

The final design drawings, equipment specifications, and maintenance information will
be the second major end product of this task.

• Install the 3,000-ft test section.

Three 1,000-ft test sections will be placed in Gem Lake for testing of wave action on
the conduit, material suitability, equipment workability, and maintenance requirements.
This will be the third major end product of this task.
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• Rework the final drawings.

The final drawings will be modified to reflect any changes that the test section results Q
require. These would be submitted to the conduit team for review.

• Development of final design drawings, equipment specification, and maintenance
requirements. This would be the fourth major end product of this task, and the last

unless requested to perform additional work.

3.1.5 Materials Handling

All materials and equipment connected with the fish passage conduit project will go through

the standard company review process. Confidential business information will be handled
according to established policies and procedures.

3.1.6 Deliverables

The subcontractor shall deliver the following information (but not limited to), as delineated
above during the contract period:

• A list of fish habit review questions and discussion items
• Preliminary Report on the questions and discussion items
• Final Report on the questions and discussion items.

3.1.7 Schedule

- A schedule of activities is listed below in the sequence that they will be conducted. Start

and end dates are to be determined.

1. Review Design requirements

2. Prepare review questions and discussion items to bring before the conduit team

members

3. Prepare preliminary drawings and equipment specifications

4. Transmit preliminary drawings to the conduit team for review

5. Prepare final drawings and equipment specifications for review by conduit team

members

6. Transmit final drawings and equipment specification to the conduit team for review

7. Review final drawing review comments and make changes

8. Transmit drawings and equipment specifications to BPA through the Corps
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9. Prepare test plan for test sections of conduit to be installed in Gem Lake

10. Install demonstration section (3,000 ft) in Gem Lake

11. Test demonstration section for a period not to exceed 90 days

12. Report findings form demo test to conduit team

13. Make design changes that resulted from demonstration test

14. Submit final drawings for a in-place full test

15. Manage the subcontract while in progress, assuring that the schedule is maintained

16. Coordinate the subcontract deliverables

17. Coordinate the subcontract closeout.

3.1.8 Key Milestones

See the Work Breakdown Structure listings (see Section 3.2.1). Milestone dates are to be
determined.

3.2 Work Breakdown Structure

3.2.1 Work Breakdown Structure

• Review questions and discussion items
• Preliminary drawings
• Preliminary equipment selection and specifications
• Final drawings
• Final equipment selection and specifications
• Test demonstration installation
• Write test report
• Make corrections to final drawings per test results
• Make corrections to final equipment selections and specifications per test results
• Submit final drawings to BPA through the Corps.

3.2.2 Work Breakdown Structure Numbers

Each phase of this Project shall be assigned a separate work task number.

3.3 Organization and Responsibilities

DOE-ID has the responsibility for the managing and administrating the DOE Hydropower
Energy Program. Because of the scope and the sometimes unpredictable schedule of this
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program, it is sometimes necessary for INEL to provide a broad spectrum of support services to

DOE-ID to assure timely and efficient administration. Because of the elasticity of schedules, a

broader spectrum of talent requirements, and the priority of the Hydropower Energy Program, ()
INEL has in place a standard procedure ability to engage the assistance of support service

subcontractors. Figure 11 is an organizational interface chart.

The main responsibilities by position are:

3.3.1 Program Manager DOE-ID

• Coordinates, directs, and monitors all support team work

• Main point-of-contact with DOE-Headquarters (HQ), INEL, BPA., and Corps

• Main point-of-contact with INEL Project Manager

• Reviews all submittals to conduit team

• May appoint someone to act in her/his place by verbal notification to project manager.

3.3.2 Project Manager—4NEL

• Coordinates and monitors all support team work

• Main point-of-contact with subcontractor personnel if one is used

• Main point-of-contact with DOE-ID Program Manager

• Coordinates all submittals to conduit and support team

• May appoint someone to act in his place by verbal notification to program manager and

engineering manager.

3.3.3 Subcontract Administrator—INEL. (If subcontractors are usedL

• Reviews subcontract packages for administrative efficiency.

• Makes award regarding subcontracts.
• Issues subcontracts.
• Acts immediately on subcontract administrative issues that surface during execution of

the subcontracts.
• Modifies or terminates subcontracts—afl desired changes to subcontracts must be

submitted to contracts in writing. Only the subcontract administrator is authorized to

modify a subcontract in any way or terminate the subcontracts in their entirety.

3.3.4 Engineering Manager—4NEL

• Coordinates and monitors all engineering work

• Main point-of-contact with engineering department

• Coordinates all engineering submittals to project manager

• May appoint someone to act in her/his place after notification of the project manager.

3.3.5 U.S. Army Corps of Engineers

• Will specify what work should be performed
• Will approve all drawings and equipment specifications C)
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DOE-HQ

Ron Loose
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Figure 11. Organizational interface chart.
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• Will hold progress meetings.
3.3.6 Consultants (INEL and Subcontractor)

• Will attend project meetings and be available to answer questions and make
suggestions

• Will submit written documentation, if requested.

3.4 Preliminary Resource Allocation Plan

Tables 1 through 4 are cost estimates for the conduit prototype project.

3.5 Basis of Cost Estimate

3.5.1 Total Cost:

The task total cost is given in loaded dollars.

3.5.2 Permanent Installation Cost

The total cost for an installation in a reservoir will be made after the prototype test has been
completed.

3.5.3 Subcontractor Cost

The subcontractor cost is only for travel expenses. It is assumed the subcontractors will
consist of universities that do not charge labor hours.

3.5.4 Assumptions for Developing the Cost Estimate

Note: It is not the intent that the details of the Project Management Plan cost estimate be

considered only as a preliminary cost estimate. A detailed cost estimate will be provided after the

3,000 ft test has taken place.

• The FISP Program will be funded through an inter-agency agreement and will be
managed as a DOE program. (It is not Work for Others).

• INEL will fund travel expenses only for U of I (Dr. Ernest Brannon) and U of W

ichthyologists.

• There will not be a separate Quality Program Plan (QPP) for the project; the INEL

Engineering Department QPP (-044) will be used. Any project-specific quality

assurance provisions will be included in the design requirements document (DRD).

The DRD will be reviewed and approved by the “Conduit Team”.

• Prototype hardware and engineering evaluation test hardware will be built during the

Demonstration Phase.
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Table 1. Total cost estimate summary for conduit prototype design stage (loaded dollars).

Item Dollars

Administrative and Management Costs (i.e. PM) $54,375
assumed 70% @ 6 months

PMP, Work Packages, Project File $12,000

Design Requirements Document (DRD) $18,000

NEPA Environmental Assessment; State and/or County/City permits (for prototype) $50000

Studies and Analysis Imprinting $36000
Security
Pumping/Motive Force Options
Failure/Damage Detection
Repairs

02 injection
Wave, Wake. Wind and Current Forces
Tube Fabrication
PlacementllnstallationlAnchoring
Site Selection
Surface lighting

Evaluation Tests Tube Material (durability/fungus (hours + 100k) $121,000
Resistance/Hydraulic Properties
Pump Design (peristaltic, vaneaxial, etc.)
Smolt/pump station compatibility

Vendor Identification and Support (Tube Material) $18,000

Drawings 40 drawings $143,000
Specification 5 specifications

Water Safety Analysis/Work Plan (for installation and test of prototype) $12,000

Prototype Test Plan $9,000

Fabrication/Installation/Removal Cost Estimate $9,000

Internal Review(s) $12,000

Final (External) Design Review $15,000

Travel (meetings, etc) $15,000

Contingency or Management Reserve (30%) *157,500

Total $682,000
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Table 2. Hardware cost estimate for 3,000 ft conduit prototype demonstration installation and
testing stage.

[tern [ Unit Price Total $$

Tubing material (Spectra - 8 ft dia. X 3000 ft) $1/ft2 $75,500

Bond material into cylinder $2.50/ft $7,500

Tubing interconnection flanges. each section end @ 100/section 30 pair $7,500
$250 each

Power Piping 2,000’ @ $10/ft $20,000

Floats, etc. ft $25,000

Pumping Station Provide motive force built @ INEL $135,000
(3 each) Imprint water $45K each

Water oxygenation

Drive pump $6,000

Cables; Anchoring matenal 10,000 ft @ $3 $30,000

Miscellaneous Hardware $25,000

Total $331,500

Table 3. Total cost estimate for conduit prototype demonstration stage (3,000 ft prototype).

Item Unit Price Total SS

Administrative and Management Costs (PM @ 6 months) $45,000

Hardware Costs From table 2 $331,500

Procurement/Subcontracts Support 7Ya% Hardware; $24,500

2% Installation

Engineering/Technicians (4 months @ 75% X 10 heads) - $390,000

Test Equipment $10,000

Installation (Barge/Boats/Divers) $50,000

Final Test Report $9,000

Updates to Drawings and Specifleations $6,000

Contingey/?.ianagement Reserve (30%) $254,000

Total $1,120,000

Table 4. Total cost estimate for conduit fish passage prototype.

Item Total $$

Conduit Prototype Design $662,000

Conduit Prototype Demonstration Installation and Testing $1,120,000

0

0

0
Total $1,802,000
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INEL DOWNSTREAM HSH PASSAGE COTDU1T SYSTEM
CONCEPTUAL LIFE-CYCLE COST (LCC) ESTIMATE

Attempts to estimate the cost of the Idaho National Engineering Laboratory’s Proposal For A Flexible in-
reservoir Salmon Passage conduit system at this time encounters several unknowns. Greater knowledge
identifying the total conduit length, conduit materials and pumping station mechanism would ensure a more
accurate estimate of future conduit costs. However, a cost estimate has been prepared and is of value when
used with an understanding of the unidentified issues and uncertainties that could impact (higher or lower costs)
this estimate. Completion of the prototype test phase vill provide proof of principle and this information will
drive the full scale in-reservoir design requirements. When the prototype phase is completed a definitive cost
estimate will be provided.

This analysis only considers the main river stern, from the Lower Granite Dam and its reservoir backwater on
the Snake kiver, downstream to the Bonneville Dam on the Columbia River; a distance of approximately 320
miles. Additional conduit sections required for incoming tributaries, including the Colombia River above its
confluence with the Snake River, have not been identified and are not considered in this analysis. The potential
costs of environmental and other permitting were not considered and assumed to be a U.S. Army Corps of
Engineers responsibility. Specific material selection has not occurred but informal discussions with material
suppliers suggests a cost of one dollar per square foot for conduit fabric. Bulk purchases would most likely
lower this cost and other costs, however, a value of one dollar per square foot for conduit fabric was used in the
analysis. Additional unknowns include the possible pumping Station configurations which range from a
pressurized hydraulic water powered pump to an electrically driven jet pump system. A conceptual underwater
electric jet pump scenario was assumed for the estimation of pump station costs. (The attached spreadsheet
contains additional defined cost assumptions).

This preliminary cost analysis has attempted to take a conservative approach in that when costs are estimated
within a range, the highest estimated cost within the range is used. This is done to reflect the uncertainty
associated with this “one-of-a-kind”, never before attempted construction of a fish passage system of this
magnitude. Additional cost estimate consideration was given to the fact that unlike conventional present value
analysis of competing alternatives, the lowest-cost alternative will not have priority, rather, the fish passage
system configuration with the greatest biological benefits, public acceptance, minimal impact, and technical
feasibility of success will he chosen.

This estimate can only be considered as a rough order of magnitude estimate. When all of the viable options are
identified, selected and costed, a more definitive analysis, with conclusive results, will be preformed.
Additional unknowns that would effect costs include the issues of cleaning and storage of the conduit. Previous
use of potential conduit materials suggests algae will not grow on the material, which drives down cleaning
costs. The prototype development stage would most likely answer questions as to the best storage methods,
anchoring systems, installation methods and other considerations. Monitoring, study, reporting, environmental
and other operational requirements have not been identified at this point.

The 20 year LCC assumed an approximate accelerated design, testing and construction schedule. The actual
implementation and construction schedule for the entire 320 mile system is undefined at this time. Prototype
design work is assumed to start during October 1992 in order to demonstrate the prototype during 1993. This
analysis has considered prototype design and demonstration costs, and full scale in-reservoir design, installation,
construction, and operations and maintenance costs over a 20 year period. Costs also include power, annual
material replacement and pump station overhauls. All of the costs are considered in a 20 year LCC analysis,
including the influences of inflationary and discounting factors. A four percent inflation factor was applied to
all annually occurring costs beyond their inception year, and a seven and one-half percent discount rate was used
for the present value (1993) analysis. The total 20 year estimated cost to construct and operate the proposed
system is —$520 million (1993 dollars).
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• Wave, wake, wind, and flow force data will be provided by the Corps—INEL will
analyze, interpret, and apply data. Derived requirements will be included in the DRD.

• There will be internal reviews and external reviews. Internal reviews will be conducted
informally; external reviews will be conducted formally. External reviews will be
conducted prior to the commencement of the demonstration phase in the Snake River.
(Participating organizations BPA, Corps, U of I, U of W, etc., should all participate in
the review process).

• The Corps have the responsibility for collecting and releasing the smolts. The INEL
system will be designed to connect to collection point and transport smolts to the
release equipment.

• Since this is not a construction project, it is exempted from Davis-Deacon; make/buy
decisions will be made as the design progresses (hopefully at a project level).

• Hardware items may be either procured outside or fabricated by INEL. Specifications
and drawings will be done accordingly. Special purpose drawings may be considered for
installation, if appropriate.

• No construction package will be required. The actual installation, testing, and removal
of the prototype will be performed and/or managed by INEL personnel. Work will be
planned using SWRs or small subcontracts.

• Costs for the prototype hardware are based on the original concept shown in Figures
1,2,3, and 5.

3.6 Quality Assurance Plan

Due to the complexity of the process, formal engineering reviews and formal quality checks
will be made prior to the delivery of each product to BPAJCorps.

• Spell Check: All material will be generated with word processing software (Word
Perfect@) on a computer which has the capability of performing a spell check.

• Proof Reading: Material will be proof read for numeric accuracy and proper sentence
formation.

• Drawings: All drawings will be checked, ensuring that standard symbols and drafting
standards are adhered to.

• Materials and Equipment: Quality checks will be per INEL standards.
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3.7 Management, Planning, and Control

3.7.1 Management

The program manager (DOE-ID) and the project manager (INEL) will be responsible for
this. The INEL project manager will be responsible for any subcontractors used.

3.7.2 Planning

The program manager (DOE-ID) and the project manager (INEL) will be responsible for
this. The INEL project manager will be responsible for any subcontractors used.

3.7.3 Control

The program manager (DOE-ID) will be responsible for this.

3.8 Reporting Requirements

Reporting requirements for this task will be to INEL Energy Programs standards: weekly
highlight report and a monthly report. If a subcontractor is used, they will submit the same
reports to the project manager.

3.9 Program Compliance

• The conduct of programs in compliance with federal regulations is a primary priority of

the DOE. All laboratory operations are mandated to comply with OSHA and EPA
regulations as well as the numerous DOE orders regarding quality and conduct of
operations. The tasks associated with these compliance activities are categorized into
the following areas: Environment, Safety, Health Compliance, Quality, and Conduct of
Operations Compliance.

• INEL will only be responsible for a EIS/EA for the placing of the 3,000 ft test section
to be placed in a local stream/lake. All other environment considerations will be

performed by the Corps who would be the entity placing the conduit in the Columbia
River for the transportation of the fish.

3.10 Special Considerations

• The INEL project manager must work closely with the DOE-ID program manager,

INEL engineering representative, all subcontractors, the Corps, and BPA.
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4. INEL CAPABILITIES

The INEL is the engineering laboratory for the DOE and has been involved with
hydropower programs for 15 years. Appendices A,B, and C contain information that provide an
overview of the experience the INEL has in the hydropower field and related environmental
effects. Appendix A is a series of informative slides; Appendix B contains the report: DOE
Hydropower Program-Biennial Report 1990-1991 (DOEIID-10237(90-91); while Appendix C
contains the report ENVIRONMENTAL MITIGATION AT HYDROELECTRIC PROJECTS-
VOLUME 1. Current Practices for Instream Eow Needs, Dissolved Oxygen, and Fish Passage
(DOEJID-10360),
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