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STUDY OVERVIEW

Purpose and Need

Between 1991 and 1997, due to declines in abundance, the National Marine Fisheries Service
(NMFS) made the following listings of Snake River salmon or steelhead under the Endangered
Species Act (ESA) as amended:

e sockeye salmon (listed as endangered in 1991)
e spring/summer chinook salmon (listed as threatened in 1992)
e fall chinook salmon (listed as threatened in 1992)

o steelhead (listed as threatened in 1997).

In 1995, NMFS issued a Biological Opinion on operations of the Federal Columbia River Power
System (FCRPS). Additional opinions were issued in 1998 and 2000. The Biological Opinions
established measures to halt and reverse the declines of ESA-listed species. This created the need to
evaluate the feasibility, design, and engineering work for these measures.

The Corps implemented a study (after NMFS’ Biological Opinion in 1995) of alternatives associated
with lower Snake River dams and reservoirs. This study was named the Lower Snake River
Juvenile Salmon Migration Feasibility Study (Feasibility Study). The specific purpose and need of
the Feasibility Study is to evaluate and screen structural alternatives that may increase survival of
juvenile anadromous fish through the Lower Snake River Project (which includes the four
lowermost dams operated by the Corps on the Snake River—Ice Harbor, Lower Monumental, Little
Goose, and Lower Granite Dams) and assist in their recovery.

Development of Alternatives

The Corps’ response to the 1995 Biological Opinion and, ultimately, this Feasibility Study, evolved
from a System Configuration Study (SCS) initiated in 1991. The SCS was undertaken to evaluate
the technical, environmental, and economic effects of potential modifications to the configuration of
Federal dams and reservoirs on the Snake and Columbia Rivers to improve survival rates for
anadromous salmonids.

The SCS was conducted in two phases. Phase I was completed in June 1995. This phase was a
reconnaissance-level assessment of multiple concepts including drawdown, upstream collection,
additional reservoir storage, migratory canal, and other alternatives for improving conditions for
anadromous salmonid migration.

The Corps completed a Phase II interim report on the Feasibility Study in December 1996. The
report evaluated the feasibility of drawdown to natural river levels, spillway crest, and other
improvements to existing fish passage facilities.

Based in part on a screening of actions conducted for the Phase I report and the Phase II interim
report, the study now focuses on four courses of action:

e Existing Conditions

e  Maximum Transport of Juvenile Salmon
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*  Major System Improvements
e Dam Breaching.

The results of these evaluations are presented in the combined Feasibility Report (FR) and
Environmental Impact Statement (EIS). The FR/EIS provides the support for recommendations that
will be made regarding decisions on future actions on the Lower Snake River Project for passage of
juvenile salmonids. This appendix is a part of the FR/EIS.

Geographic Scope

The geographic area covered by the FR/EIS generally encompasses the 140-mile long lower Snake
River reach between Lewiston, Idaho and the Tri-Cities in Washington. The study area does slightly
vary by resource area in the FR/EIS because the affected resources have widely varying spatial
characteristics throughout the lower Snake River system. For example, socioeconomic effects of a
permanent drawdown could be felt throughout the whole Columbia River Basin region with the
most effects taking place in the counties of southwest Washington. In contrast, effects on vegetation
along the reservoirs would be confined to much smaller areas.

|dentification of Alternatives

Since 1995, numerous alternatives have been identified and evaluated. Over time, the alternatives
have been assigned numbers and letters that serve as unique identifiers. However, different study
groups have sometimes used slightly different numbering or lettering schemes and this has led to
some confusion when viewing all the work products prepared during this long period. The primary
alternatives that are carried forward in the FR/EIS currently involve the following four major
courses of action:

PATH" Corps FR/EIS
Alternative Name Number Number Number
Existing Conditions A-1 A-1 1
Maximum Transport of Juvenile Salmon A-2 A-2a 2
Major System Improvements A-2’ A-2d 3
Dam Breaching A-3 A-3a 4

Plan for Analyzing and Testing Hypotheses

Summary of Alternatives

The Existing Conditions Alter native consists of continuing the fish passage facilities and project
operations that were in place or under development at the time this Feasibility Study was initiated.
The existing programs and plans underway would continue unless modified through future actions.
Project operations include fish hatcheries and Habitat Management Units (HMUs) under the Lower
Snake River Fish and Wildlife Compensation Plan (Comp Plan), recreation facilities, power
generation, navigation, and irrigation. Adult and juvenile fish passage facilities would continue to
operate.
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The Maximum Transport of Juvenile Salmon Alternative would include all of the existing or
planned structural and operational configurations from the Existing Conditions Alternative.
However, this alternative assumes that the juvenile fishway systems would be operated to maximize
fish transport from Lower Granite, Little Goose, and Lower Monumental and that voluntary spill
would not be used to bypass fish through the spillways (except at Ice Harbor). To accommodate this
maximization of transport, some measures would be taken to upgrade and improve fish handling
facilities.

The Major System Improvements Alternative would provide additional improvements to what is
considered under the Existing Conditions Alternative. These improvements would be focused on
using surface bypass facilities such as surface bypass collectors (SBCs) and removable spillway
weirs (RSWs) in conjunction with extended submerged bar screens (ESBSs) and a behavioral
guidance structure (BGS). The intent of these facilities would be to provide more effective
diversion of juvenile fish away from the turbines. Under this alternative, an adaptive migration
strategy would allow flexibility for either in-river migration or collection and transport of juvenile
fish downstream in barges and trucks.

The Dam Breaching Alternative has been referred to as the “Drawdown Alternative” in many of
the study groups since late 1996 and the resulting FR/EIS reports. These two terms essentially refer
to the same set of actions. Because the term drawdown can refer to many types of drawdown, the
term dam breaching was created to describe the action behind the alternative. The Dam Breaching
Alternative would involve significant structural modifications at the four lower Snake River dams,
allowing the reservoirs to be drained and resulting in a free-flowing yet controlled river. Dam
breaching would involve removing the earthen embankment sections of the four dams and then
developing a channel around the powerhouses, spillways, and navigation locks. With dam
breaching, the navigation locks would no longer be operational and navigation for large commercial
vessels would be eliminated. Some recreation facilities would close while others would be modified
and new facilities could be built in the future. The operation and maintenance of fish hatcheries and
HMUs would also change, although the extent of change would probably be small and is not known
at this time.

Authority

The four Corps dams of the lower Snake River were constructed and are operated and maintained
under laws that may be grouped into three categories: 1) laws initially authorizing construction of
the project, 2) laws specific to the project passed subsequent to construction, and 3) laws that
generally apply to all Corps reservoirs.
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FOREWORD

Appendix E was prepared by staff of the U.S. Army Corps of Engineers (Corps), Walla Walla District.
Contributors to this appendix included Jacobs-Sverdrup Engineering, Inc., ENSR Engineering, and
Hamilton Engineering. This appendix is one part of the overall effort of the Corps to prepare the Lower
Snake River Juvenile Salmon Migration Feasibility Report/Environmental Impact Statement (FR/EIS).

The Corps has reached out to regional stakeholders (Federal agencies, tribes, states, local governmental
entities, organizations, and individuals) during the development of the FR/EIS and appendices. This
effort resulted in many of these regional stakeholders providing input and comments, and even drafting
work products or portions of these documents. This regional input provided the Corps with an insight and
perspective not found in previous processes. A great deal of this information was subsequently included
in the FR/EIS and appendices; therefore, not all of the opinions and/or findings herein may reflect the
official policy or position of the Corps.
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ACRONYMS AND ABBREVIATIONS

AFEP Anadromous Fish Evaluation Program

BGS behavioral guidance structure

BOR Bureau of Reclamation

CBFWA Columbia Basin Fish and Wildlife Authority

CBE combined bypass efficiency

cfs cubic feet per second

Corps U.S. Army Corps of Engineers

DGAS Dissolved Gas Abatement Study

ESA Endangered Species Act

ESBS extended submerged bar screen

FGE fish guidance efficiency

flip lips spillway flow deflectors

FLE fish ladder extension

FPE fish passage efficiency

FR/EIS Lower Snake River Juvenile Salmon Migration Feasibility Report/
Environmental Impact Statement

m3/s cubic meters per second

MOP minimum operating pool

NMFS National Marine Fisheries Service

NPPC Northwest Power Planning Council

0&M operation and maintenance

PB-2A Detailed Project Schedule

RPA reasonable and prudent alternative

RSW removable spillway weir

SBC surface bypass collector

SES spillway extension structure

SRWG Study Review Work Group

str structure

STS submerged traveling screen

SWI simulated Wells intake

TDG total dissolved gas

USFWS US Fish and Wildlife Service
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Appendix E

ENGLISH TO METRIC CONVERSION FACTORS

To Convert From

LENGTH CONVERSIONS:
Inches

Feet
Miles

AREA CONVERSIONS:
Acres

Acres

Square Miles

VOLUME CONVERSIONS:

Gallons
Cubic yards
Acre-feet
Acre-feet

OTHER CONVERSIONS:
Feet/mile

Tons

Tons/square mile

Cubic feet/second
Degrees Fahrenheit

To

Millimeters

Meters
Kilometers

Hectares
Square meters
Square kilometers

Cubic meters
Cubic meters
Hectare-meters
Cubic meters

Meters/kilometer
Kilograms
Kilograms/square kilometer
Cubic meters/sec

Degrees Celsius
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Multiply By

254

0.3048
1.6093

0.4047
4047
2.590

0.003785

0.7646

0.1234
1234

0.1894
907.2
350.2703

0.02832

(Deg F —32) x (5/9)



Appendix E

Executive Summary

Purpose

The Walla Walla District of the U.S. Army Corps of Engineers (Corps) operates four lock and dam
facilities on the lower Snake River. These include the Lower Granite, Little Goose, Lower Monumental,
and Ice Harbor Dams. In response to the National Marine Fisheries Service (NMFS) 1995 Biological
Opinion concerning the operation of the Federal hydropower system, the Corps is studying structural and
operational alternatives to improve the downstream migration of juvenile salmonids through the four
lower Snake River dams. These alternatives will provide improved downstream fish migration while
keeping the dams operational.

The alternatives described in this appendix may be compared to each other and to the other alternative
identified for investigation under this feasibility study — breaching of the four lower Snake River dams.

The information contained in this appendix will be used to assist in decisions regarding future project
modifications and operations of the lower Snake River system.

Fish Passage Strategies

The term “Existing System Upgrades,” as used in this appendix, refers to options available for upgrading
the existing facilities used for transporting or bypassing downstream migrating juvenile fish. Existing
System Upgrades corresponds to Alternatives 1 and 2 in the FR/EIS. The term “Major System
Improvements,” as used in this appendix, involves the use of surface bypass collectors (SBCs) and other
devices to provide a way to collect fish swimming near the surface. Major System Improvements
corresponds to Alternative 3 in the FR/EIS.

This appendix utilizes three different fish passage strategies in order to define and evaluate the various
alternatives. These strategies include:

e In-River Passage — Keeping the fish in the river during their downstream migration.
e Transport — Collecting and transporting the fish downstream of Bonneville Dam.

e Adaptive Migration — Providing operational alternatives to allow an effective method for either
in-river passage or transport.

These strategies were applied to the options for upgrading the existing facilities (Existing System
Upgrades) and to the Major System Improvement alternatives. The modifications required for upgrading
the existing system include the following:

e Improvement of the effectiveness of the juvenile fish bypass and collection facilities
e Additional barges for fish transportation
e Turbine modifications and improvements made during a major rehabilitation of the powerhouse

e Modification of spillways to reduce dissolved gas levels.
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Appendix E

Major System Improvements includes upgrading the existing system, constructing SBC systems, and new
extended submerged bar screens (ESBSs) in turbine entrances. Surface bypass and collection systems
consist of surface collectors, behavioral guidance structures (BGSs), and modified spillbays.

Unresolved Issues

The development of SBC technology is still underway. As more is learned about the effectiveness of
various components of surface bypass and collection systems, designs may be developed that have a
higher reliability of success. These designs may differ from those presented in this appendix. However,
the SBC alternatives described in this appendix represent effective options for improving the current
system of transporting and/or bypassing fish past the dams.

Some of the surface bypass and collection options include modifying a spillbay at each project. This will
reduce spillway capacity by as much as 5 percent. If it is decided that a reduction in spillway capacity is
not acceptable, an alternate plan to bypass fish via the central non-overflow could be implemented.
Alternatively, options that would include methods to pass the 5 percent spillway capacity flow through
the powerhouse and/or navigation lock during the rare flood event may be found to be feasible.

Some of the SBC options have the potential of increasing design seismic loading on the existing dam
monoliths. Further analysis is required to determine the need for measures to strengthen the structures or
increase their stability.

The removable spillway weir (RSW) included with the adaptive migration option, described herein,
would require model testing to determine the best shape for providing a fish-friendly bypass. Since the
RSW would be resting on top of an existing spillbay, there are limitations on the possible shapes of the
weir. Prototype testing would show if an acceptable design could be developed.

Several dissolved gas abatement measures are included herein. These measures include structural
modifications to the spillways in an effort to reduce gas levels that are known to be harmful to fish. The
improvements are based upon the latest developments in spillway deflector design and have received
regional support for rapid installation. The dissolved gas abatement study (DGAS) is a system-wide
study that is addressing these measures as well as more extensive measures to reduce total dissolved gas
(TDG) supersaturation that forms in both the Snake and Columbia rivers. The need for these more
extensive measures will be determined after completion of the system-wide study. Therefore, these more
extensive gas abatement measures are not included in this appendix.

Installation of the dissolved gas abatement measures included in this appendix may impact the following:
1) adult fish passage, 2) juvenile fish passage, 3) navigation, and 4) stilling basin and channel erosion.
These potential impacts must be evaluated and resolved as necessary prior to implementation of the
spillway modifications.

For all alternatives other than a drawdown of the river, a portion of the fish will still be passing through
the turbine environment. The Turbine Survival Program is exploring ways to improve passage through
the turbines. For the purpose of this study, it was assumed that the fish passage improvements identified
in the Turbine Survival Program would be applied to all turbines at the lower Snake River dams. Because
of their tremendous costs, the installation of these improvements is assumed to occur during major turbine
rehabilitation at that facility.
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Appendix E

Summary

The following are summary tables for each of the Existing System Upgrades (Table ES-1) and Major
System Improvement (Table ES-2) options investigated in this appendix. The summary tables include
1) costs for lock and dam operations, 2) implementation schedules, 3) fish hatchery costs, and

4) percentage of fish surviving from just upstream of Lower Granite Dam to just downstream of
Bonneville Dam.
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Appendix E

1. Introduction

1.1 General

The Walla Walla District of the U.S. Army Corps of Engineers (Corps) operates four lock and dam
projects on the lower Snake River, including Lower Granite, Little Goose, Lower Monumental, and Ice
Harbor. In response to the National Marine Fisheries Service (NMFS) 1995 Biological Opinion
concerning the operation of the Federal Columbia River Power System, the Corps is studying structural
and operational alternatives to improve the downstream migration of juvenile salmon smolts through the
four lower Snake River dams.

For the Lower Snake River Juvenile Salmon Migration Feasibility Study (Feasibility Study), four
alternatives are being studied: Alternative 1—EXxisting Conditions, Alternative 2—Maximum Transport
of Juvenile Salmon, Alternative 3—Major System Improvements, Alternative 4—Dam Breaching.

The term “Existing System Upgrades,” as used in this appendix, refers to options available for upgrading
the existing facilities used for transporting or bypassing downstream migrating juvenile fish. Existing
System Upgrades corresponds to Alternatives 1 and 2 in the FR/EIS. The term “Major System
Improvements,” as used in this appendix, involves the use of surface bypass collectors (SBC) and other
devices to provide a way to collect fish swimming near the surface. Major System Improvements
corresponds to Alternative 3 in the FR/EIS.

Existing System Upgrades not only covers facilities and project operations as they currently exist and are
operated at the dams and reservoirs, but also includes measures to maintain or upgrade present facilities to
state-of-the-art design and operation. Depending on the juvenile fish passage strategy (see Section 1.3),
this may or may not require voluntary spill. A full discussion of Existing System Upgrades involving
dissolved gas, turbines, and other miscellaneous measures is provided in Annexes A, C, and D,
respectively.

Major System Improvements includes upgrades to the existing systems plus major system modifications
that significantly impact project layout and operations. This includes utilizing surface bypass and
collection technology to safely collect and guide fish. Depending on the alternative, voluntary spill may
or may not be required. A full discussion of surface collection systems included with Major System
Improvements options can be found in Annex B.

Dam Breaching is evaluated in Appendix D, Natural River Drawdown Engineering.

1.2 Purpose

This document presents key engineering and cost information concerning the Existing System Upgrades
and Major System Improvements alternatives. In addition, it summarizes biological performance
information gathered during prototype testing of surface collector concepts and predicted biological
performance data for each of the alternatives included in this appendix. This information will be used in
the Feasibility Study where recommendations regarding future project modifications and operations of the
lower Snake River system will be made.
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1.3 Juvenile Fish Passage Strategies

Existing System Upgrades and Major System Improvements are described in the context of three
strategies for aiding in the downstream migration of juvenile fish safely past the dams: 1) In-River
Bypass, 2) Transport, and 3) Adaptive Migration Strategy.

In-River Bypass refers to designs and operations that would bypass fish directly to the tailrace via existing
spillways or through some type of fish bypass strategy. No trucking or barging of fish would be done.
Based on current project operations, this strategy would require voluntary spill.

Transport refers to directing fish to a truck or barge transport system with capabilities to bypass fish to the
tailrace in an emergency. This strategy would generally not require voluntary spill.

The Adaptive Migration Strategy would optimize current operational objectives where either in-river or
transport strategies can be used. This strategy addresses concerns about the risks and effectiveness
associated with bypass only and transport only. The combined overall strategy would be to operate the
different facilities so that a spread-the-risk philosophy could be implemented considering the whole river
system. This strategy might be used over a relatively short time period (5 to 10 years) until a regional
decision is made to select either a transport or in-river passage strategy. The Adaptive Migration Strategy
might also be a long-term plan, where transport may be used at certain times and in-river bypass used at
other times, depending on varying river conditions. This type of operation may include voluntary spill,
but it will depend on whether the fish are kept in the river or transported. Because of its operational
flexibility, the Adaptive Migration Strategy is more effective at addressing doubts as to whether fish
transportation is better or worse for fish than in-river passage.

1.4 Spill Operations

In this appendix, “voluntary spill” is defined as spill intended to attract juvenile fish to the spillways for
in-river passage. Typically, this spill would not have taken place under normal project operations.
“Involuntary spill” is defined as spill that is required to pass high river discharge past the project once
powerhouse capacities/power requirements have been reached.

As described in the Fish Passage Plan for Corps of Engineers Projects (March 1998), the Corps shall spill
for juvenile fish passage according to the NMFS Biological Opinion. As it relates to the lower Snake
River dams, during the juvenile spring/summer chinook migration season (April 10 through June 20), the
Corps is to spill at all dams (except under certain exceptions) to the gas cap, which has been defined as
120 percent total dissolved gas (TDG) supersaturation. Voluntary spill levels are limited by the resulting
TDG levels. If the TDG levels are high enough and fish are exposed to these levels long enough, both
adult and juvenile migrants would be harmed.

The decision to include voluntary spill as a portion of any Major System Improvements alternative will
depend upon the ability of voluntary spill to help achieve the goals of that alternative.

1.5 Annexes

Annexes to this appendix are included at the back of the appendix. These annexes provide detailed
backup information used to develop the main body of the appendix. The reader may wish to refer to the
annexes for detailed information not included in the main body of the appendix.
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The annexes include the following descriptions:

o Existing system operations (including proposed upgrades to the existing system)
e Surface bypass and collection alternatives

e Dissolved gas abatement measures

e Turbine Survival Program

e Cost and implementation schedules.

\\Bellevue\Wpros\WP\1346\Appendices\FEIS\E - Major Sys Imp\CamRdy\App_E.doc

El-3



Appendix E

2. Background

2.1 General

On March 2, 1995, the National Marine Fisheries (NMFS) issued a biological opinion for the Reinitiation
of Consultation on 1994-1998 Operation of the Federal Columbia River Power System and Juvenile
Transportation Program in 1995 and Future Years (NMFS, 1995a). The biological opinion established
immediate measures necessary for the survival and recovery of Snake River salmon stocks listed under
the Endangered Species Act (ESA). In response to the biological opinion, the Corps has been
investigating various system improvements to the lower Snake River dams intended to improve the
effectiveness of downstream smolt migration. These system improvements represent an alternative to a
drawdown of the lower Snake River dams.

2.2 Existing Juvenile Fish System

Since the construction of each of the lower Snake River dams, the Corps has operated adult fish collection
and passage facilities at each dam. These facilities were developed in collaboration with the regional
fishery agencies to aid in the upstream migration of adult fish. Juvenile fish bypass facilities were
developed or installed as the four lower Snake River dams were constructed. Facilities were upgraded as
new technology developed.

2.3 Development of Surface Bypass and Collection Technology

The Corps has focused much attention on the development of surface bypass and collection system (SBC)
options. These options are intended to collect downstream migrating smolts in the forebay and safely
bypass them across the dam (in-river options) or transport them downstream in trucks or barges
(transportation option). Objectives for developing SBC systems include: 1) increasing the number of
juvenile fish guided for bypass or collection through non-turbine routes; 2) reducing fish stress, injury,
and migration delays; and 3) reducing high-spill levels that are associated with dissolved gas problems
and lost power generation.

Brainstorming sessions were held in Walla Walla in July 1994 in order to develop and expand surface
bypass and collection concepts. Participants in these meetings included private individuals; consulting
firm representatives; and state, Federal, and tribal fishery representatives. A prototype surface collector
was constructed in 1996 at Lower Granite Dam. The basis for this design was the successful surface-
oriented bypass system currently in use at Wells Dam on the mid-Columbia River. Biological
performance data of the Lower Granite prototype were collected and evaluated. Modifications were made
in 1998 to the Lower Granite prototype to effectively make the collector deeper and to include a
behavioral guidance structure (BGS) to guide fish to the SBC entrance. More testing is now underway.

A more detailed discussion of the SBC prototype testing is included is Section 4.4 of this appendix.

Preliminary hydraulic model testing of methods for removing most of the water entering the SBC has
been completed. Dewatering to a lower flow rate is required for SBCs that allow for fish transportation
because the downstream juvenile fish facility cannot handle the large flows used in surface collection.
Results of the SBC testing and dewatering modeling have been encouraging. Therefore, further
development of SBC options is ongoing.
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2.4 Conceptual Level Surface Bypass Collector Designs

The Corps contracted the development of concept level SBC designs for the lower Snake River dams
based on the fundamental surface collector concepts being tested at Lower Granite Dam. This effort
focused on the development of SBC designs and costs while the prototype testing at Lower Granite was
used for evaluating SBC performance.

Once the prototype testing had provided preliminary performance levels for the various concepts and the
engineering report had verified feasibility and cost, it was necessary to define combinations of measures
that would most reasonably meet the goals of the fish passage strategies (in-river passage, transportation,
adaptive migration). A second report was developed investigating various SBC system combinations
(refer to Annex B). These alternative combinations are represented in Tables 1 and 2 in the Executive
Summary and are more fully described later in this appendix and in Annex B.

2.5 Dissolved Gas Abatement Study

Currently, the Corps is actively involved in the development of methods reducing total dissolved gas
(TDG) supersaturation in the lower Snake and Columbia river systems. High levels of TDG
supersaturation are known to be harmful to fish. The DGAS does not involve separate investigations of
the Snake and Columbia rivers. Instead, the DGAS treats the TDG supersaturation as a system-wide
problem. To date, the study has included a Phase I technical report. A Phase Il report is currently
scheduled for completion in fiscal year 2001.

2.6 Coordination

The Corps coordinated with a large number of fish agencies throughout the northwest and local interest
groups in the development of the SBC combinations report and the DGAS. For more detailed
information, refer to the annexes at the back of this appendix.
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3. Existing System Features

The “Existing System” is defined for this appendix as project features and operations that presently are
considered to aid in the migration of juvenile and adult fish on the lower Snake River. Major existing
system components are listed below.

Adult Fish Passage Systems: Includes fish ladders, pumped attraction water supplies, and
powerhouse fish collection systems designed to aid upstream migrating adult fish.

Juvenile Fish Bypass and Collection Systems: Includes turbine intake screen systems.

Juvenile bypass and collection facilities and transportation facilities intended to aid downstream
migrating fish.

Minimum Operating Pools (MOP): Includes operating the reservoirs at minimum operating pool
elevation during the juvenile fish outmigration.

Turbine Operations: Includes operating the turbines within 1 percent of peak efficiency.

Spill Operations: Includes voluntary spill to assist in the bypassing of juvenile salmon and steelhead
in accordance with the biological opinion. The spill is thought to attract the fish away from the
turbines, and towards the spillway.

Flow Augmentation: Includes the use of upstream storage for flow augmentation. Flow
augmentation decreases the duration of downstream migration.

Spillway Gas Control Measures: Includes the use of spill deflectors to allow an increase in spill flows
without exceeding the 120 percent total dissolved gas (TDG) supersaturation.

Spillway Gas Monitoring: Continued monitoring and control of TDG levels in order to ensure
compliance with state standards.

Fish Hatcheries: Continued operation and maintenance of fish hatcheries.

Anadromous Fish Evaluation Program (AFEP): Involves biological evaluations of anadromous fish
and evaluations of proposed dam modifications to predict resulting impacts to fish.

Refer to Annex A for more detailed information, including the current operations per the 1995 Biological
Opinion.
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4. Future Development

4.1 Introduction

Measures that have a high potential of increasing the effectiveness and efficiency of getting fish past the
dams are discussed below. These measures are combined to form the Existing System Upgrade options
(see Section 5) and Major System Improvement options (see Section 6). The information presented in
Sections 4.2 and 4.3 provides an overview of key measures that could be used as part of either Existing
System Upgrades or Major System Improvements.

4.2 Dissolved Gas Abatement Measures

421 General

A Dissolved Gas Abatement Study (DGAS) was initiated in 1994 to examine potential methods of
reducing total dissolved gas (TDG) produced by spillway operations at the Corps’ eight dams on the
lower Snake and Columbia rivers. The study was called for by the National Marine Fisheries Service
(NMFS) biological opinion on operation of the Federal Columbia River Power System (1995). NMFS
prescribed two reasonable and prudent alternatives (RPA 16 and 18) that directed the Corps to address
means to measure, evaluate, and prescribe alternatives to reduce TDG in the lower Snake and Columbia
rivers.

The DGAS is being completed in two parts: a Phase I reconnaissance-level report and a Phase II
feasibility-level report. The Phase I report was completed in April 1996. The Phase II report is scheduled
for completion in 2001.

The Phase I report recommended several measures that could be implemented quickly to provide
immediate reductions in TDG production. These measures included spillway operational changes and
design and construction of spillway deflectors at Ice Harbor and John Day Dams. These measures have
been implemented and the associated benefits were observed during the spring of 1998.

The Phase II DGAS studies are complete. Numerous structural measures that hold potential for reducing
TDG production have been identified and the system-wide engineering evaluation is complete. The
Phase II effort and descriptions of the measures, which could be implemented at the lower Snake River
dams, are summarized in Annex C of this appendix.

Various gas abatement improvements are described in this appendix. These DGAS measures will provide
water quality benefits by reducing TDG production at the lower Snake River dams. The first DGAS
measure described below includes installation of end bay deflectors. This has been proven to be a
significant benefit for gas abatement at a relatively low cost. This proposed improvement has received
considerable regional support and has been made a part of all alternatives described in this appendix.

The second group of DGAS options described below includes various modifications of the existing
deflectors and installation of new pier extensions.

A third level of gas abatement protection may be provided by use of one or more of the major gas
improvement measures defined within the gas abatement annex (Annex C). One of these concepts is a
powerhouse/spillway divider wall at each dam to reduce the introduction of gas into powerhouse exit
flows. This concept is described herein.
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The measures described below would be designed to minimize the production of TDG through a range of
normal flows under current operating conditions. These would reduce the TDG concentrations resulting
from current spill levels. Also, the gas abatement measures would provide the ability to increase spill
volumes for fish passage, without exceeding the 120 percent TDG supersaturation level spill cap included
in the 1995 Biological Opinion. Other identified measures could eventually be recommended following
the system-wide analysis. Refer to Annex C for a more complete description of all the DGAS
alternatives.

4.2.2 Additional End Bay Spillway Deflectors

Spillway flow deflectors have been installed at all four of the lower Snake River dams (Table 4-1).
Deflectors consist of a 2.4- to 3.8-meter (8.0 to 12.5 feet) horizontal lip placed on the spillway ogee
section just below or near the minimum tailwater elevation. “Ogee” refers to the reverse curve shape of
the spillway. The deflectors produce a thin discharge jet that skims the water surface of the stilling basin.
Though the skimming flow is highly aerated, spillway discharge is prevented from plunging and
entraining air deep into the stilling basin. Reducing the depth of plunge, and thus the hydrostatic
pressures acting on the aerated flow, reduces the production of TDGs.

Table 4-1. Existing Deflectors

No. of Deflector Deflector
Spillway No. of Elevation Length Deflector

Dam Bays Deflectors (meters) (meters) Transition (meters)
Ice Harbor 10 8 103.0 (338.0) 3.81(12.5)  4.57 (15.0) radius
Ice Harbor 10 2 101.8 (334.0) 3.81(12.5) 4.57 (15.0) radius
Lower Monumental 8 6 132.2 (434.0) 3.81(12.5) Flat
Little Goose 8 6 162.2 (532.0) 2.44 (8.0) Flat
Lower Granite 8 8 192.0 (630.0) 3.81(12.5)  4.57 (15.0) radius

Note: feet in parentheses (feet)

Deflectors have lowered the levels of dissolved gasses generated by conventional spillways by as much as
15 to 20 percent TDG. The construction of additional flow deflectors on non-deflected spillway bays will
further reduce TDG production.

The effectiveness of spillway flow deflectors is dependent upon the geometry of the deflector, spillway
discharge, and deflector submergence (tailwater elevation minus deflector elevation). Performance is
optimized when the elevation of the deflector, associated with a design discharge and tailwater elevation,
is set to provide a smooth skimming flow. If the tailwater elevation relative to the deflector is too low,
the deflected discharge generates a plunging flow, subjecting aerated flow to higher pressures. If the
tailwater elevation is too high, the deflected discharge generates a highly aerated undular flow that will
also draw air deep into the basin.

Additional spillway flow deflectors can be installed at some of the lower Snake River dams. The benefit
of added deflectors is dependent on the hydraulic performance of the deflector and the ratio of deflected
to non-deflected spill flow. Spill patterns developed for each project establish the distribution of spill
through deflected and non-deflected spillway bays and influence the generation of TDG. They are
designed to maintain acceptable tailrace conditions for adult salmonids seeking upstream passage and
juvenile salmonids migrating downstream, and are included in the Corps’ annual fish passage plan.
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Both Lower Monumental and Little Goose spillways have deflectors on six of the eight spillway bays.
Thus, these are the only two facilities with the potential for adding end bay deflectors. Deflectors were
not constructed in spillway bays 1 and 8 on these projects because of adult fish passage concerns. Recent
studies indicate adult passage rates may not be as sensitive to deflected flow conditions as previously
expected. Adding end bay deflectors may further reduce the saturation of TDGs without adverse impacts
to adult passage.

4.2.2.1 Design

End bay spillway flow deflectors at Lower Monumental and Little Goose Dams would be designed to
provide optimum skimming flow conditions for spillway flows up to 283.2 cubic meters per second (m’/s)
(10,000 cubic feet per second [cfs]) per bay and tailwater elevations up to 135.3 meters (444 feet) at
Lower Monumental and 165.2 meter (542 feet) at Little Goose. Based on the performance of the Ice
Harbor deflectors and current project operating conditions, deflectors in spillway bays 1 and 8 would be
3.81 meters (12.5 feet) long with a 1.2-meter (15-feet)-radius fillet between the sloped face of the
spillway and the horizontal surface of the deflector. The two additional deflectors would include pier
nose extensions and would be set at elevation 131.0 meter (430 feet) at Lower Monumental and 161.2
meter (529 feet) at Little Goose, 1.2 meters (4 feet) lower than the existing deflectors. At this elevation
the deflectors should provide optimum hydraulic performance for voluntary fish passage spills up to the
120 percent TDG spill levels, which may range from 198.2 to 283.2 m’/s (7,000 to 10,000 cfs) per bay.

Sectional spillway and general model studies will be required to verify the final deflector design. The
influence of the lower deflectors on stilling basin performance and potential impacts to tailrace and
stilling basin erosion must be carefully evaluated. Consideration must also be given to adult fish passage
and the influence of the flow deflectors on fishway entrance conditions.

4.2.2.2 Total Dissolved Gas Performance

For Lower Monumental, TDG levels of 120 percent are generated with a uniform spill release of 203 m’/s
(7,170 cfs) through each of the six bays with deflectors for a total of 1,218 m*/s (43,000 cfs). If the two
end bay deflectors are constructed and perform similar to the Ice Harbor deflectors, the 120 percent TDG
spill cap may increase by 198 to 283 m’/s (7,000 to 10,000 cfs) per end bay, potentially raising the total
120 percent TDG discharge to between 1,721 and 1,892 m’/s (60,800 to 66,800 cfs).

For Little Goose, TDG levels of 120 percent are generated with a uniform spill release of 227 m*/s
(8,000 cfs) through each of the six spill bays with deflectors. This is a total for the dam of 1,359 m’/s
(48,000 cfs). If the two end bay deflectors are constructed and perform similar to the Ice Harbor
deflectors, the 120 percent TDG spill cap may increase by 198 to 283 m’/s (7,000 to 10,000 cfs) per end
bay. This may potentially raise the total 120 percent TDG discharge to 1,841 m*/s (65,000 cfs).

4.2.2.3 Operations

If properly designed, end bay deflectors should have no impact on project operations except that they will
allow additional spill volumes before the tailrace exceeds the 120 percent TDG cap. This may reduce the
amount of water available to pass through the existing powerhouse resulting in reduced power generation.
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4.2.3 Modified Deflectors

The effectiveness of a flow deflector will improve if it can be designed to perform over a wider range of
spill discharge and tailwater fluctuations. The ideal deflector generates a smooth, stable skimming flow
across the water surface of the stilling basin. However, the existing deflectors were designed to perform
within a narrow range of tailwater elevations and spill discharges. The deflectors recently constructed at
Ice Harbor and John Day appear to perform better than deflectors at other projects in terms of gas
production versus spill discharge. The new deflectors are 3.81 meters (12.5 feet) long with a 4.6-meter
(15-foot)-radius transition and are set at an elevation that provides optimal performance during the more
typical project operations under the current voluntary spill program. The pier walls between spillway
bays at Ice Harbor and John Day were also extended to the end of the deflectors. Deflectors at other
projects may be modified to perform more like the new John Day and Ice Harbor spillway deflectors.
These modifications are relatively inexpensive and could reduce gas levels by a few percentage points.

With the exception of Ice Harbor, current operations at the lower Snake River dams are different from
those at the time of the original deflector installation. Projects typically operate at minimum pool
elevations as required by the 1995 Biological Opinion. Voluntary spill resulting in up to 120 percent
TDG supersaturation is requested to aid fish passage. Turbine discharges are limited to operations within
the peak one percent of efficiency, limiting the total powerhouse discharge to less than 3,400 m’/s
(120,000 cfs). Each of these operational measures cause the deflectors to function over a range of
tailwater elevations lower than that used for the original design.

The new spillway flow deflectors at John Day and Ice Harbor Dams were constructed with a 4.6-meter
(15-foot)-radius transition (fillet) from the spillway ogee to the horizontal surface of the deflector. Lower
Granite was also constructed with a 4.6-meter (15-foot) radius and the Bonneville deflectors have a
1.8-meter (6-foot)-radius fillet. The deflectors at Little Goose and McNary Dams do not have a radius
fillet. Two deflectors at Lower Monumental have a radius fillet. Model studies and prototype evaluations
indicate deflectors with a radius transition generate a smoother and more stable surface jet.

Pier extensions were added at both John Day and Ice Harbor. The pier extensions extend the downstream
face of the existing piers flush to the downstream edge of the flow deflector. The pier extensions prevent
the sidewall flow from directly impacting the flow deflector and plunging into the basin. The sidewall
flow rises from the corners of the spillway gates and rides 1.8 to 2.4 meters (6 to 8 feet) above the surface
of the spillway discharge jet. As the sidewall flow reaches the end of the pier walls it expands abruptly.
The two jets, one from each side of the wall, converge. The lower portion of the combined jet impacts the
exposed section of the deflector immediately below the pier. The upper portion reaches beyond the
deflector and plunges into the stilling basin. The extension forces the expansion of sidewall flow to occur
further out away from the deflector, where the flow becomes intercepted by the much more dominant
deflected surface flow, preventing it from plunging into the basin. The hydraulic performance of pier
extensions has been observed in the spillway sectional models of John Day and Ice Harbor, as well as the
prototype structures. Though both John Day and Ice Harbor deflectors provide excellent gas reduction
benefits, it is difficult to determine the overall influence of the pier extension on the TDG performance of
those deflectors. However, it is reasonable to expect that by preventing the sidewall flow from entraining
air and plunging deep into the stilling basin, the generation of TDGs will be reduced. In addition to
reducing the plunging and aeration of flow, the pier walls were recommended to prevent fish, which may
be entrained within the lower portion of the sidewall flow, from directly impacting the exposed section of
the spillway flow deflector.
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The TDG reduction performance of deflectors set too high or too low, because of outdated operations,
may be improved by raising or lowering them accordingly. Project-specific operations for a design range
of total river flows must be established to optimize the deflector elevation. Given the percent spill
requirement and design range of total river flow, the tail water elevations and unit spill discharges are
easily identified. The ideal submergence and deflector elevation can then be determined from physical
spillway model studies and prototype evaluations.

4.2.3.1 Design

Deflector modifications could include pier nose extensions, construction of a smooth radius transition,
and reconstruction of the deflector at an optimum elevation. Based on the performance of the Ice Harbor
deflectors and current project operating conditions, the modified deflectors would be 3.8 meters (12.5
feet) long with a 4.6-meter (15-foot)-radius transition from the sloped face of the spillway to the
horizontal surface of the deflector. The new or reconstructed deflectors would be constructed at an
elevation providing optimum hydraulic performance for voluntary fish passage spills up to the 120
percent TDG spill levels.

Lowering the existing deflectors would require removal of much of the deflector concrete and
reinforcement steel, making it more feasible to remove the entire deflector and construct all new
deflectors. However, if the deflectors are not lowered, the radius transitions and pier extensions could
possibly be constructed without demolishing the existing deflectors, resulting in significant cost savings.

4.2.3.2 Total Dissolved Gas Performance

The incremental gas abatement improvements of each potential modification are difficult to estimate.
Design improvements similar to those implemented at Ice Harbor should produce similar reductions in
TDG levels. However, the Ice Harbor tailrace channel is significantly shallower than the Lower
Monumental channel. The shallower channel alone may account for gas reduction levels of 2 to

4 percent. It is possible that only a 1 to 2 percent reduction in gas levels may be realized at each dam due
to the radius transitions, pier nose extensions, and optimization of the deflector elevation.

4.2.3.3 Operations

Modification of existing deflectors and/or construction of new deflectors will not significantly change or

impact project operations. However, the improved deflectors will increase the spill required to reach the

120 percent TDG supersaturation spill cap. Increasing spill will reduce the amount of water available for
hydroelectric energy production.

4.2.4 Powerhouse/Spillway Separation Wall

Spill released flows on Lower Snake River projects retrofitted with deflectors will draw flow from the
powerhouse into the stilling basin. The entrainment of powerhouse flow is visually evident in general
physical hydraulic models of Ice Harbor and Lower Granite. It is also visually evident at the four lower
Snake River dams and John Day and McNary Dams. Field tests at Little Goose and Ice Harbor Dams
indicate as much as 100 percent of the powerhouse flow can be drawn into the stilling basin under certain
operating conditions. Powerhouse flows entrained within in the spillway are exposed to aeration and
pressures that saturate this flow to TDG levels typical of the spillway flow itself.

A cutoff wall constructed between the powerhouse and spillway will prevent powerhouse flow from
becoming entrained and aerated within the spillway’s stilling basin. In addition to the gas reduction
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benefits of the flow separation wall, the wall will prevent juvenile fish passed through the turbines from
being drawn into the spillway. This condition has been observed at McNary Dam during the 1999 turbine
survival studies. The separation wall will streamline powerhouse flow and improve current flow patterns
below the juvenile fishway out-falls and will reduce or eliminate large eddies that might otherwise delay
juvenile fish egress from both powerhouse and spillway tailrace regions.

Both the Lower Granite and Ice Harbor general models were used to establish the wall length necessary to
prevent the entrainment of powerhouse flow into the spillway stilling basins. Observations of dye
released in the models indicate a wall length of approximately 150 feet extending downstream from the
existing powerhouse/spillway training walls will prevent powerhouse flows from becoming entrained
within the spillways stilling basin over the entire operating range. The Lower Granite and Ice Harbor
general models are 1:80 and 1:55 scale respectively. One to 55 scale general models of Little Goose and
Lower Monumental will be completed and available for testing by mid-year 2001. These models can be
used to further evaluate the design parameters and benefits of the divider wall at the respective projects.

Two concept level designs were developed. Both designs include two 75-foot long concrete monolithic
structures that are post tensioned. The first design concept utilizes sheet pile to construct the wall forms
and fills the form with mass tremie concrete. The second design concept utilizes pre-cast concrete cells
set in place then filled with tremie concrete. The design and construction of a divider wall at either of the
lower Snake River projects could take between 3 to 4 years.

The walls could be added with any of the SBC types included in this appendix. However, more study is
required to determine if the separators would be an appropriate addition to the dams. Because of this
uncertainty, the walls were not included in any of the Major System Improvements alternatives described
herein.

More information about the separation walls is provided in Annex C of this report.

4.2.5 Additional Spillway Bays

Adding more spillway bays at each dam would reduce the generation of TDG by reducing the unit spill
discharge requirements and necessary stilling basin depths. Unlike conventional spillways designed to
pass and adequately dissipate the energy of flow for the Spillway Design Flood, the additional spillway
bays could be designed for much less spill. The spillway would be designed specifically to reduce the
saturation of TDG for normal or voluntary spill flows, while improving the spill passage efficiency and
survival of juvenile fish.

Additional spillway bays can be constructed in place of the earthen non-overflow embankments of the
lower Snake River dams. More information about the additional spillways is provided in Annex C of this
appendix.

4.2.6 Combined Dissolved Gas Abatement Measures

Gas abatement measures may be grouped together to form a package of improvements. The
improvements cited in the DGAS study are grouped together as alternatives as follows:

Alternative a) - Adding end bay deflectors at Little Goose and Lower Monumental — Total cost about
$18 million.

Alternative b) - Adding end bay deflectors at Little Goose and Lower Monumental and
powerhouse/spillway separation walls at each dam — Total cost about $94 million to $142 million.
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Alternative ¢) - Adding end bay deflectors at Little Goose and Lower Monumental, separation walls at
each dam, and additional spillway bays at each dam — Total cost about $1.4 billion to $2.2 billion.

Alternative “b” provides a higher level of gas abatement than alternative “a”, but at a higher cost.
Likewise, alternative “c” provides a higher level of gas abatement than alternative “a” or “b”, but at a
significantly higher cost. A more detailed discussion of this comparison is provided in Annex C,

Dissolved Gas Abatement Study.

No recommendations for implementation of powerhouse/spillway separation walls or additional spillway
bays at each of the lower Snake River dams is included in this appendix.

More information concerning engineering, implementation and costs for each of the dissolved gas
abatement options described above is available in Annex C of this appendix.

4.3 Turbine Measures
4.3.1 General

Under present conditions, direct fish survival through a typical lower Snake River turbine ranges from 89
to 94 percent. Unless the natural river drawdown alternative is selected, it is likely that all of these units
will require major repair or rehabilitation in the next 10 to 50 years. The Turbine Passage Survival
Program is currently gathering information that will allow an accurate evaluation of fish passage benefits
associated with turbine operational changes and changes resulting from the incorporation of improved
fish passage turbine design concepts. For the purpose of this appendix, it is assumed that the information
from the Turbine Passage Survival Program will be incorporated into the operation and design of the
rehabilitated units. The benefits to anadromous fish stocks are potentially significant and cannot be
ignored because they will accrue over the life of a rehabilitated turbine, which is estimated to be 35 to

50 years. An approximate schedule for these rehabilitations is given in Annex D.

4.3.2 Improved Turbine Operation (3-D Cams)

The most significant improvement in operation will result from optimizing performance of the turbine
units with fish diversion devices installed in the unit. The installation of these devices, including fish
screens and surface collection structures, can affect turbine operational efficiency by 1 to 3 percent.
Through the use of turbine performance models, new flow measurement technology developed in the
Turbine Passage Survival Program, and prototype tests, new optimized turbine performance curves with
installed fish diversion devices will be developed. The performance curves relate power output to
differential head, flow rates, wicket gate openings, and blade angles. 3-D cams are computer software
based upon the turbine performance curves that automatically adjusts the wicket gate openings and
turbine blade angle to optimize turbine efficiency. It is widely thought that the stress on fish passing
through the turbines is minimized if the turbines are operating at peak efficiency. Therefore, use of the
3-D cams should maximize hydroelectric production efficiency and reduce impacts to fish passing
through the turbines.

4.3.3 Other Turbine Improvements

Improvements to turbine passage may be accomplished by modifying the major features of the turbine.
Modifications include the following: 1) re-design runners, 2) re-orientation of the wicket gate and stay
vanes, 3) use of smooth coatings, 4) minimizing gaps, 5) re-shaping of the hydraulic transitions or
surfaces, and 6) extension of the draft tube. Results from the Turbine Passage Survival Program will be
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used to decide which of these measures will yield significant improvements to fish passage through the
turbines. For estimating purposes, it was assumed that the cost for all items included in this section was
developed from the costs included in the Ice Harbor Powerhouse Major Rehabilitation Program Report,
dated March 1997. As the Turbine Passage Survival Program proceeds, the necessary improvements will
be better defined.

4.4 Surface Bypass and Collection Measures
441 General

SBC measures will improve fish passage conditions by taking advantage of the tendency for juvenile fish
to stay in the upper portions of the water column. SBC designs are based on passive fish behavior.
Passive fish behavior refers to allowing fish to maintain their natural preferences for horizontal and
vertical surface-oriented distribution. As it compares to existing systems, justification for developing
SBC systems relates to the following: 1) increasing the number of juvenile fish guided for bypass or
collection through non-turbine routes, 2) reducing fish stress, injury, and migration delays, 3) reducing
high-spill levels that are associated with dissolved gas problems, and 4) losing power generation. For
total system designs, final SBC systems have to consider surface collection, fish bypass/transport, and
river outfall components. Refer to Annex B for more detailed information on SBC technology and
conceptual designs.

The Corps began brainstorming sessions in July 1994 (receiving input from consultants, fishery agencies,
and tribes) and has proceeded with SBC prototype development at several dams. Concepts discussed and
being evaluated consist of a variety of both fixed and floating systems used either alone or combined with
fish guidance devices (physical and/or behavioral), project operational changes, with and without fish
sampling, and with and without transport, etc. Biological and environmental considerations, as well as
construction, operational, cost, and schedule elements, all factor into developing realistic surface oriented
fishways that would have a high potential of improving passage and survival of juvenile fish migrating
past Corps’ Snake and Columbia River hydroelectric projects. Immediate SBC objectives have been to
collect information on SBC performance, designs, and costs to be used as a basis for comparing SBC
systems with other options for improving fish survival in the Lower Snake River Feasibility Study.
Future efforts may include continued development and investigation of SBC concepts that appear
promising.

The original concept of SBC is founded largely on the successful implementation of 12 years of research
and development of a system at Wells Dam on the mid-Columbia River. However, because there are
major differences between Corps’ projects and the Wells hydrocombine design (as well as differences
between Corps’ projects themselves), each project design will be site-specific.

44.2 Technology Overview

The SBC systems are designed to provide benign, fish-friendly, surface-oriented passage systems that
juvenile fish, already distributed high in the water column, can use to pass a dam safely. An example of a
highly successful, surface-oriented bypass system currently in use is at Wells Dam on the mid-Columbia
River. The Wells Dam system (with its hydrocombine design) is different from any SBC system that
might be developed for lower Snake River projects. However, lessons are being learned from the surface
bypass efforts at Wells Dam, as well as ongoing SBC work at other projects in the region. Effectiveness
and appearance of these designs would vary from project to project on the lower Snake River.
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The premise behind the SBC designs is that fish located upstream of a dam generally tend to follow bulk
flow into the project. A key assumption of SBC systems is that, even if there are high bulk flows going to
deep powerhouse intakes or deep spillway gate openings, fish tend to stay surface oriented (if given the
opportunity) and pass through a system at shallower depths. There are several factors that are believed to
influence the effectiveness of SBC systems besides bulk flow influences. The factors include the depth of
fish in the water column, flownets produced by SBC structures as they relate to turbine and spillway
hydraulics, opportunity of discovery for fish to find an SBC fishway entrance prior to using a turbine or
spillway flow passage, and SBC fishway entrance conditions (total volume, velocities, horizontal/vertical
orientations, etc.).

In the case of a powerhouse-related SBC component with fishway entrance slots (as demonstrated by
Wells Dam and by SBC prototype designs at other projects, including the Lower Granite prototype tests),
fish will enter SBC fishway entrances with different levels of success if given the option to take this
higher passage route. Changes in the 1998 Lower Granite prototype SBC structure incorporated a
simulated Wells intake (SWI) design. This SWI design effectively makes the SBC structure deeper and
influences flow lines approaching the SBC structure to allow fish a greater chance to discover SBC
entrances prior to passing towards the turbine intakes.

The design of a behavioral guidance structure (BGS)-related SBC component is based on the observation
that fish tend to guide along physical structures that are generally lined up with river flow. One example
of this is at Rocky Reach Dam on the mid-Columbia River where fish follow surface flows passing by
operating generating units to congregate in a cul-de-sac at the end of the powerhouse. Another example is
at Lower Granite where fish have guided along a relatively shallow trash shear boom. The BGS
prototype test design at Lower Granite utilizes this same principle but exaggerates the differences
between deep powerhouse intakes and surface-oriented guidance systems. It is believed that a
combination of a general, downstream angled flow approach in the forebay, a deep physical barrier with
relatively low velocities passing beneath the structure, and strong SBC fishway entrance surface flows at
the downstream end of the BGS should provide for passive fish movement toward the entrance.

The Corps and others in the region have been involved in accelerated programs to develop and evaluate
different variations of SBC technology for different locations. There are no established criteria for SBC
system designs. Preliminary SBC design criteria (fishway entrance configurations, flow requirements,
number of fishway slots, structure depths, and water velocities below the BGS, etc.) used as part of the
SBC Conceptual Design Report for different design options were developed by the collective judgment of
biologists and engineers (Corps and non-Corps personnel). As SBC prototype test results from different
test efforts become available, future reevaluation and refinement of SBC designs, as presented in the
feasibility study, will be required prior to installation of final SBC systems at the different lower Snake
River projects. Additional work, focusing on other projects besides Lower Granite, might include
activities such as baseline fish behavior data collection, hydraulic model studies, and site-specific
prototype work.

4.4.3 Surface Bypass Collector System Types

4.4.3.1 General

SBC concepts discussed and evaluated in a preliminary SBC Conceptual Design Report consisted of a
variety of both fixed and floating systems, used either alone or in combination with fish guidance devices,
project operational changes, with and without transport, etc., at Lower Granite. This conceptual design
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report was used as the basis for the SBC System Combinations Report (see Annex B). A few of the SBC
concept options utilized a BGS to guide fish to the spillway or smaller surface collectors. Also, some of
the options included a 21.3-meter (70-foot)-deep surface collector, while other options included 16.7-
meter (55-foot)-deep surface collectors. Biological and environmental considerations, as well as
construction, operational, cost, and schedule elements, all factored into developing realistic, surface-
oriented fishways. These designs were used as the basis for the system combination designs.

In the preliminary SBC Conceptual Design Report, ten individual SBC design options for Lower Granite
were developed and evaluated. Each of these SBC options was made up of components that worked
together to achieve a specific bypass strategy. Some of these components have been tested at the Lower
Granite SBC prototype to determine their biological effectiveness, either individually or in combination
with each other. Based on the information in the Conceptual Design Report and results of the prototype
testing, four SBC types were selected for continued study in the SBC System Combinations Report. Each
system combination includes an SBC type at each dam. The four SBC combinations contained in the
report and a fifth SBC combination were incorporated into Annex B of this appendix. Four of the five
SBC combinations have been selected for further discussion herein.

4.4.3.2 Designs and Operations

General

Each of the Major System Improvements option utilizing SBC system combinations use one or more of
seven SBC type designs. (See Annex B for a more detailed explanation of why these seven SBC types
were selected.) These designs are combined at the different projects in such a way as to achieve the
overall migration strategies for the river, as discussed in Sections 1.3 and 1.4. In some instances, a
particular project would not utilize any of these SBC types. Instead, it would use either existing or new
extended submerged bar screen (ESBS) intake diversion systems only.

The seven SBC designs are as follows:

e Full-length SBC powerhouse channel with dewatering (Type 1)

e Full-length SBC powerhouse channel bypass without dewatering (Type 2)

e  Two-unit SBC powerhouse channel and BGS system, with dual passage options (Type 3)
e Modified SBC spillway bypass at one spillbay (Type 4).

e  Two-unit SBC powerhouse channel and BGS system with dewatering and modified spillway
bypass at two spillbays (Type 5)

e Full powerhouse length occlusion structure and modified spillway bypass at two spillbays
(Type 6)

e Modified SBC spillway bypass at two spillbays (Type 7).

Each one of these SBC design types would look slightly different, depending on which project it would
be applied. For illustration purposes, SBC Type 1, 2, and 5 designs, as they would typically be applied at
a lower Snake River Dam, are presented below for Lower Granite Dam (Figures 4-1, 4-2, and 4-4,
respectively). The SBC Type 4, as it would typically be applied at a lower Snake River dam, is presented
for Ice Harbor Dam (Figure 4-3). The SBC Type 6, as it would be applied at Little Goose Dam, is
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presented in Figure 4-5. The SBC Type 7, as it would typically be applied at a lower Snake River Dam,
is presented below for Ice Harbor Dam (Figure 4-6).

SBC Type 3 is not included in this document for further analysis. Refer to Annex B for more information
on this SBC type.

Type 1 - Full Length SBC Powerhouse Channel with Dewatering

Overview

The design goal of SBC Type 1 is to provide a surface collector system designed to attract fish away from
the turbine intakes across the face of the entire powerhouse. The fish would be directed to the existing
juvenile fish bypass gallery inside the dam where they would swim downstream to the juvenile facilities.
The design allows for the channel to be used in conjunction with ESBS intake diversion screens.
Adequate dewatering of the fish-bearing transport flow is provided in the channel so that the fish entering
the SBC can be delivered to the existing juvenile fish gallery inside the dam, where they would be
combined with the fish diverted by the intake diversion screens. The gallery is designed to deliver the
fish to the fish-handling and transport/release facilities downstream. In addition, in case there is a
problem with the dewatering portion of the channel, the design will allow for emergency bypass of the
fish collected by the channel directly to the tailrace via a spillway bay.

The SBC Type 1 design would vary slightly depending on where this structure was constructed. For
illustration purposes, the SBC Type 1 design is shown in Figure 4-1 as it would be applied at Lower
Granite Dam. (Refer to Annex B for a more detailed description of how SBC Type 1 designs would be
applied to Lower Granite, Little Goose, and Lower Monumental Dams.)

As with all the designs evaluated in this report, ESBS intake diversion screens would be used in
conjunction with the SBC. Screens are already in place at Lower Granite and Little Goose Dams.

Design and Operational Information

SBC Channel

The application of the SBC Type 1 design includes a floating collector channel that would span across the
entire upstream face of the powerhouse intake structure. A portion of the channel accommodates the
secondary dewatering screen section.

During testing of the prototype SBC channel at Lower Granite Dam, there were indications that migrating
fish in the forebay upstream of the spillway were being attracted under the north end of the channel and
into the Unit 6 intake. Therefore, as part of this design, a cutoff wall is included below the channel at the
end of the powerhouse closest to the spillway in order to preclude fish movement under this end of the
channel directly from the spillway area into the closest unit intake.

SBC Entrances, Flows, and Dewatering

Three vertical entrances into the channel would be located along the upstream wall of the channel. The
entrances are located close to every second unit joint. Flow into each entrance is 56.6 m*/s (2,000 cfs) for
a total combined SBC attraction flow of 170 m’/s (6,000 cfs). Each entrance is outfitted with a full-height
semicircular trashrack.
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Figure 4-6. Surface Bypass Collector Type 7 Design as Applied at Ice Harbor Dam (Plan View)
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Fish enter the channel through one of the three entrances, each of which are 4.88 meters (16 feet) wide.
The floor of the channel coincides with the bottom of the entrances located 21.3 meters (70 feet) below
the forebay water surface. Each entrance is associated with a transport conduit that includes a primary
dewatering section. The primary dewatering is accomplished independently for the flow entering each of
the three entrances. After passing through the primary dewatering screen section, the remaining flow in
the three individual conduits is progressively combined into a single conduit leading to a common
secondary dewatering screen section. The secondary screening reduces the combined flow, which
contains the fish from all three entrances, to a quantity that can be added to the existing juvenile gallery,
approximately 0.85 m*/s (30 cfs).

SBC Entrance Operation

Under normal operation, SBC entrances are all fully open. Bulkhead panels are provided which can be
slid down into the flow path both upstream and downstream of each of the three primary dewatering
sections to shut off the flow to the primary screens. Emergency bypass doors are located in each conduit
upstream of the bulkhead guides to allow for direct bypass of fish and flow to the tailrace when the
bulkheads are installed. This approach allows for the flow through a single entrance to be bypassed
directly to the tailrace in the event the screening section requires maintenance, without impacting the
hydraulics of the flow through the remaining entrances. In addition, this design offers increased
operational flexibility in that the flow through an individual conduit can be shut off during periods of low
river flow when all units are not operating. In the event that the existing juvenile facilities require
maintenance or downtime, the flow through all three entrances can be bypassed directly to the tailrace by
placing the upstream bulkheads in all three conduits and opening the emergency bypass doors.

Connection to Existing Juvenile Fish Facilities

After all dewatering is accomplished, the remaining transport flow is delivered with the fish to a location
at or near the Erection Bay portion of the powerhouse. The transport conduit in the channel is outfitted
with a tilting weir control structure so that the final transport flow can be maintained at 0.85 m*/s (30 cfs).
Flow over the control weir spills into a stationary channel attached to the dam. The channel then passes
the flow into the juvenile fish gallery inside the dam.

An opening will be excavated in the concrete wall to accommodate the channel and to allow the 0.85 m*/s
(30 cfs) transport flow to pass as an open channel flow into the gallery. This opening will also house a
surface skimming cleaner to remove any floating debris that accumulates. Once in the juvenile fish
gallery, the fish are transported downstream in a non-pressurized flume to the fish handling facilities for
eventual transport or release to the tailrace, dependent upon the project and selected project operations.

Screened Water Discharge to the Spillway

The screened discharge from the four channel dewatering screen sections (three primary and one
secondary) passes from the screens into the main portion of the floating channel, which forms a common
discharge channel. This screened flow travels to a spillway extension structure (SES) attached to the
upstream face of the nearest spillbay piers. The SES forms a well upstream of this spillbay so that the
Tainter gate can be used to regulate and pass the SBC screened flow. The SES is a concrete-filled steel
shell forming two walls and a floor bolted to the upstream face of this spillbay. The upstream end of the
structure is closed off by means of removable steel stop logs. This design allows for removal of the stop
logs so that the full spillway flood discharge capability of this spillbay can be maintained. With the
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maximum flood of record being less than half the combined discharge capacity of eight spillbays, it is
anticipated that this procedure would be required extremely infrequently. However, if this were to be
necessary, one additional step would be to install a closure panel over the opening between the channel
and the SES to hydraulically separate the two structures. This would be required to prevent the large spill
flow passing through the SES from creating a dangerously large head differential between the forebay and
the inside of the channel.

Type 2 - Full Length SBC Powerhouse Channel Bypass without Dewatering

Overview

Like the SBC Type 1 design, the goals of the SBC Type 2 channel include providing a surface collector
system at the powerhouse designed to attract fish away from the turbine intakes. However, unlike the
SBC Type 1, the operational goal of this channel is to deliver the fish with the full flow directly to the
tailrace, with no dewatering of the flow taking place (i.e., no dewatering screens). An additional goal of
this design is to provide a discharge for the channel that is a surface withdrawal (rather than a pressurized
release) and that also minimizes the impact on the ability of the project to pass flood flows.

The SBC Type 2 design would vary slightly between projects. For illustration purposes, the SBC Type 2
design is shown in Figure 4-2 as it would be applied at Lower Granite Dam. (Refer to Annex B for a
more detailed description of how SBC Type 2 designs would be applied to all of the projects.)

As with all the designs evaluated in this appendix, ESBS intake diversion screens would be used in
conjunction with the SBC. The screens are already in place at Lower Granite and Little Goose Dams.

Design and Operational Information

SBC Channel

This full-flow bypass design (SBC Type 2) includes a floating SBC channel that spans across the entire
upstream face of the powerhouse intake structure. The channel is 21.3 meters (70 feet) deep by 14.0
meters (46 feet) wide with three collector entrances along the upstream wall, similar to the Type 1 design.
The channel extends from the far end of powerhouse to the middle of the closest spillbay.

The fish enter the channel through the entrances, which are 4.87 meters (16 feet) wide and 21.3 meters
(70 feet) high. The exception to this is at Ice Harbor where the entrances are 16.8 meters (55 feet) high.
The floor of the channel coincides with the bottom of the entrances. After entering the channel, the fish
are diverted 90 degrees towards the spillway. Each entrance is associated with an individual transport
conduit. The width of each individual conduit narrows down to 1.83 meters (6 feet) and is maintained at
this constant width up to the part of powerhouse closest to the spillway where all three conduits combine
together to form a single conduit 6.1 meters (20 feet) wide. The floor of the conduits slopes up through
the section where the conduits come together. The combined conduit then gradually converges to a width
of 4.88 meters (16 feet) in front of the central non-overflow section of the dam where the conduit makes a
90-degree turn toward the west and joins the fixed SES attached to the upstream face of the closest half of
the nearest spillbay. All the flow that enters through the collector entrances travels through the transport
conduits, into the SES, and ultimately over the overflow ogee to the tailrace. This is different than a
normal spillway (and different than Wells Dam on the mid-Columbia River) because fish are not exposed
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to the high velocities and abrupt pressures changes that would be associated with an underflow spillway
gate.

Like the SBC Type 1 channel, a cutoff wall has been included below the channel at the end closest to the
spillway in order to preclude fish movement beneath the end of the channel near the spillway. The wall
design would be similar to that described for the SBC Type 1 channel.

SBC Entrances and Flows

The SBC channel has three vertical entrances through the upstream wall. The entrances are located near
every second unit joint. Flow through each entrance is approximately 56.6 m*/s (2,000 cfs), for a
combined SBC collection flow of 170 m’/s (6,000 cfs), when the forebay is at the minimum operating
pool (MOP). For this design, the entrances do not have full-height debris racks because most debris
entrained in the flow would simply pass though the system to the tailrace. A debris skirt is placed in front
of the entrance to minimize floating debris entering the channel. Similar to the Type 1 trashrack, this is a
semicircular shape, but rather than being the full entrance height, it extends only about 1.5 meters (5 feet)
deep.

SBC Channel to Spillway Connection_and Spillway Modification

The floating structure connects to a fixed spillway extension structure (SES) extending from the face of
the nearest spillbay. This spillbay is modified to form a 4.88-meter (16-foot)-wide overflow ogee for
surface withdrawal from the SBC channel. Half of the spillbay is preserved at its full depth and will
function in the same manner as the other seven spillbays, except at about half the discharge.
Modifications of the spillbay include construction of a new 2.74-meter (9.0-foot)-wide pier and trunnion
block at approximately the middle of the spillbay to define the extent of the full depth spillbay leaving a
7.6-meter (25-foot)-wide full depth spillbay. Half of the spillway will be filled with concrete to define the
new higher ogee crest.

A new underflow vertical leaf gate is provided at the elevated ogee for on/off control of the SBC channel
discharge. During normal operation of the channel, the leaf gates are hoisted out of the flow path,
allowing free overflow at the weir within the normal SBC operating range that corresponds to normal
pool fluctuations. At forebay elevations above normal pool, the leaf gates would either close completely
or throttle flow. Presumably, forebay elevations higher than normal pool would be outside the operating
window of the SBC fish passage requirements, and passage of flow through the SBC during these periods
would be strictly for the purpose of adding spill capacity during flood discharge.

To accommodate the narrower spillway at half of the nearest spillbay, the existing Tainter gate would be
removed and replaced with a new, narrower tainter gate sized to fit the reduced spillbay width of

7.6 meters (25 feet). At project flood forebay elevations, it is anticipated that the closest spillbay in its
modified condition, in combination with the SBC capacity, would be able to pass about 60 percent of its
pre-modified capacity. For the entire spillway, the modifications to the closest spillbay would result in a
total discharge capacity over 95 percent of the unmodified project capacity. The portion of this total
project capacity released through the SBC would be approximately 340 m’/s (12 kcfs).

Raising the spillway crests would reduce the total capacity of the spillway to pass the standard project
flood by about 3.8 percent at Ice Harbor and 5 percent at Lower Granite, Little Goose, and Lower
Monumental Dams. If no approval to reduce spillway capacities by the amount shown above is provided,
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alternative methods of bypassing fish or high flows may be implemented. Refer to Section 8.4.3 and
Annex B for more detailed discussions of this issue.

Type 4 - Modified SBC Spillway Bypass

Overview

The goal of the SBC Type 4 design is to provide an SBC facility at the spillways to divert fish away from
the powerhouse and toward the spillway. One or more spillbays would be modified so each provides an
overflow spill of approximately 170 m*/s (6,000 cfs) at the surface of the forebay in order to attract and
safely pass the fish directly to the tailrace. A removable spillway weir (RSW) would be used to serve this
function at Ice Harbor.

The SBC Type 4 design has been developed conceptually in this appendix just for Ice Harbor Dam (refer
to Annex B). However, it is likely that similar designs could be applied successfully at Lower
Monumental and Lower Granite Dams. For illustration purposes, the SBC Type 4 design is shown in
Figure 4-3 as it would be applied at Ice Harbor Dam. A Type 4 design utilizing a straight line BGS
would not be used at Little Goose Dam because a straight BGS would block navigation. Where full
bypass to a spillway is the desired goal, a full powerhouse Type 1 SBC design would be more appropriate
for Little Goose Dam.

As with all of the designs evaluated in this report, the turbine intakes located behind the BGS will be
outfitted with ESBS intake diversion systems that would divert fish passing below the BGS into the
existing juvenile gallery and eventually to the juvenile facilities downstream. In the case of Lower
Monumental and Ice Harbor Dams, the intakes are currently outfitted with an STS diversion screen
system that would be removed and replaced with a new ESBS system. ESBS systems are already in place
at Lower Granite and Little Goose Dams.

Removable Spillway Weir

The RSW is a removable steel ogee-shaped structure that is inserted into the existing spillbay, creating a
raised overflow weir above and upstream of the existing concrete ogee crest. No modifications, except
the addition of support brackets, would be required to the existing spillway to accommodate the RSW.
The elevation of the new crest is designed to pass approximately 170 m*/s (6,000 cfs) in an uncontrolled,
open-channel flow condition at the average operating pool elevation. The flow would be either on or off,
determined by whether the tainter gate is in a fully open or fully closed position. Because the flow is
essentially uncontrolled, the flow rate would vary depending on the forebay water surface elevation.

Discharge would be greater when the forebay is at maximum operating pool and smaller when at the
MOP.

The RSW is supported vertically on hinges attached to the spillway. During high river flows, the RSW is
rotated off the spillway by gradually filling flotation tanks within the RSW with water. This reduces the
buoyancy of the RSW, causing it to rotate upstream. Filling continues until the RSW is lowered onto a
landing pad resting on the bottom of the river. This restores the hydraulic spillway capacity. After the
river flows drop to an acceptable level, the tanks are gradually filled with air, displacing the water. This
causes the RSW to rotate back into position on top of the spillway.

The best shape of the downstream portion of the RSW to provide a fish-friendly bypass would have to be
determined from prototype testing.
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Behavioral Guidance Structure

A BGS is included in the forebay to guide fish away from the powerhouse and toward the spillway. The
basic design and function of the BGS is the same as was described for the Type 3 design. However, for
the Type 4 design, the downstream end of the BGS would be located between the powerhouse and the
spillway. Because the entire powerhouse flow for all six turbines must pass below the BGS in this case,
the BGS must be considerably longer than the Type 3 BGS. The Type 4 BGS would extend 729 meters
(2,391 feet) upstream at Ice Harbor.

Type S - Two-Unit SBC Powerhouse Channel and BGS System with Dewatering and
Modified Spillway Bypass at Two Spillbays

Overview

The goal of SBC Type 5 is to provide an effective method for collecting juvenile fish for downstream
transportation and to provide an effective method for bypassing fish over the spillway. Therefore, this
SBC type allows for varying the fish migration operational strategy.

The design goal of the SBC Type 5 surface collector is to provide a surface collection channel that
achieves the operational objectives of the SBC Type 1 design. That is, the floating channel includes a
screened flow operation, which passes the fish into the existing juvenile gallery for downstream
transportation. Unlike the Type 1 and Type 2 designs, the SBC Type 5 channel extends over only two
units at the spillway end of the powerhouse. This design includes a collection channel extending across
the front of two powerhouse units located at the end of the powerhouse nearest the spillway. To guide
fish away from the other units, a BGS is located in the forebay. The BGS would guide fish to the
entrances in the SBC. The channel includes one entrance.

SBC Type 5 would also include the addition of two RSWs to the existing spillway. When the operational
strategy involves keeping the fish in the river (not transporting), the surface collector would be closed off.
The BGS would guide fish across the surface collector, to the RSWs. When this mode of operation is
selected, the RSWs would create an effective method of bypassing the juvenile fish over the spillway
when it is decided not to use the SBC for fish transportation. When the fish migration strategy is to
transport fish, the RSWs would be made inoperable by closing the existing tainter gates that allow flow
over the RSWs. The surface collector would then be operated to collect the fish.

The SBC Type 5 design would vary slightly depending on where this structure is constructed. For
illustration purposes, the SBC Type 5 design is shown in Figure 4-4 as it would be applied at Lower
Granite Dam. (Refer to Annex B for a more detailed description of how SBC Type 5 designs may be
applied at Lower Granite and Lower Monumental Dams.) A Type 5 design utilizing a straight line BGS
would not be used at Little Goose Dam because a straight BGS would block navigation. Instead, a
vee-shaped BGS would be needed in the forebay requiring two fishway entrances and related features.

As with all the designs evaluated in this report, ESBS intake diversion screens would be used in
conjunction with the SBC. The screens are already in place at Lower Granite and Little Goose Dams.
Fish diverted by the ESBS would be delivered to the juvenile fish facilities where they would be collected
for transport or returned to the river.
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SBC Channel, SBC Entrances, Flows, and Dewatering

Many of the SBC channel features for the SBC Type 5 design are similar (with a few subtle differences)
to those previously described for the Type 1 design. These features include a floating channel with an
internal fish conduit, a cutoff wall below the channel at the end closest to the spillway, dewatering, and
connection to the existing juvenile fish facilities for the transport route, as well as a channel attachment to
a stationary SES located at the closest spillbay.

Each of the two entrances is 4.88 meters (16 feet) wide by 21.3 meters (70 feet) deep, with the bottom of
the channel coinciding with the invert of the entrances. Discharge would be controlled by the existing
tainter gate in the spillbay adjacent to the surface collector. This design would be similar to the design
described for SBC Type 1 previously discussed. The system is designed to pass a relatively constant
entrance flow of 56.6 m*/s (2,000 cfs). Following dewatering, the flow into the juvenile collection
channel would be about 0.85 m*/s (30 cfs).

The design includes passing screened water through the spillway extension structure and over the
spillway. Because this water is not used for fish passage, it may prove to be cost effective and feasible to
pump the screened water back into the forebay rather than passing it over the spillway. This would allow
an RSW to be placed in spillbay 1, which is probably the most desirable location on the spillway for an
RSW. Also, it would allow the screened water to be used for hydropower production. If this SBC type is
selected for further study, this pumpback option will be investigated in more detail.

BGS and Fish Ladder Extension

The downstream end of the BGS is located at the end of the channel, near the unit joint between the two
units closest to the spillway. The structure extends from this location upstream about 489.5 meters
(1,606 feet) at Lower Granite Dam and 556 meters (1,824 feet) at Lower Monumental Dam to reach the
shore. The upstream end of the BGS is closed off to preclude juveniles from entering the excluded area
behind the BGS. An FLE structure has been added to the existing south-bank fish ladder exit to a point
approximately one quarter of the distance along the BGS. This ladder extension effectively relocates the
ladder exit from the face of the dam to a location on the upstream side of the BGS and gives adult fish a
direct path from behind the BGS to points upriver.

Removable Spillway Weir

SBC Type 5 includes two RSWs. An RSW is a removable steel ogee-shaped structure that is inserted into
an existing spillbay, creating a raised overflow weir above and upstream of the existing concrete ogee
crest. No modifications, except the addition of support brackets, would be required for the existing
spillway to accommodate each RSW. The elevation of the new crest is designed to pass approximately
170 m’/s (6,000 cfs) per RSW in an uncontrolled, open-channel flow condition at the average operating
pool elevation. The flow would be either on or off, determined by whether the tainter gate is in a fully
open or fully closed position. Because the flow is essentially uncontrolled, the flow rate would vary
depending on the forebay water surface elevation. Discharge would be greater when the forebay is at
maximum operating pool and smaller when at the MOP.

The SBC Type 5 design includes a BGS in the forebay to guide fish away from the powerhouse and
toward the modified spillway.
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The RSW is supported vertically on hinges attached to the spillway. During high river flows, the RSW is
rotated off the spillway by gradually filling flotation tanks within the RSW with water. This reduces the
buoyancy of the RSW, causing it to rotate upstream. Filling continues until the RSW is lowered onto a
landing pad resting on the bottom of the river. This restores the hydraulic spillway capacity. After the
river flows drop to an acceptable level, the tanks are gradually filled with air, displacing the water. This
causes the RSW to rotate back into position on top of the spillway.

The best shape for the downstream portion of the RSW to provide a fish-friendly bypass would have to be
determined from prototype testing. Prototype testing at Lower Granite is planned for 2001.

Type 6 - Full Powerhouse Length Occlusion Structure and Modified Spillway Bypass at
Two Spillbays

Overview

SBC Type 6 is intended to improve in-river passage over the spillway at Little Goose Dam. No major
system improvements for transportation are included. The strategy of SBC Type 6 is to reduce the flow
patterns that attract fish to the turbine intakes by installing a large box shaped structure called an
occlusion structure in front of the powerhouse. The flow and fish would then be directed to RSWs placed
in spillbays 1 and 4. The RSWs are similar to those described for SBC Type 5.

It is uncertain that this strategy would work well. If model testing shows that an occlusion structure is not
likely to divert a high percentage of fish to the RSWs, a full powerhouse surface collector (SBC Type 2)
could be installed that would collect fish and bypass them through Spillbay 1 or the central non-overflow.
Alternatively, a bypass through the north non-overflow section could be considered. However, this
option has not been investigated yet. The occlusion structure is included herein to show a possible
alternative to a surface collector at Little Goose. Use of a BGS and a two unit surface collector is not
possible because the BGS would have to cross the navigation lock in order to be effective.

With this SBC type, ESBS intake diversion screens would be used to divert fish away from the turbines.
Fish diverted by the ESBS would be delivered to the juvenile fish facilities where they would be collected
for transport or returned to the river.

Installation of an RSW in spillbay 1 would require moving the trash boom. A potential location is shown
on Figure 4-5. The relocated trash boom would have to be analyzed and possibly strengthened to account
for different loading due to its new location.

Occlusion Structure

A large box shaped occlusion structure would be placed in front of the powerhouse. This structure would
block downward flow that now is directed towards the powerhouse intakes. The theory is that fish in the
upper portions of the water column would not experience the large downward flows that draw them into
the turbine intakes. Instead, with the RSWs operating, lateral flow patterns would be created, drawing the
fish to the RSWs.

The structural system for the occlusion structure consists of braced structural steel support frames located
at the piers with stiffened steel plate panels spanning approximately 9.1 meters (30 feet) between the
frames. The panels make up the bottom of the structure and a partial height front wall.
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The mechanical system requirements for the occlusion structure center on the intake trash rake access
door and door-opening system. The doors are required in the otherwise solid bottom panel of the
guidance structure located just above and upstream of the intake openings across the length of the
powerhouse. The doors allow the trash rake to access the trash racks below. The proposed door opening
system is a low-tech solution to the problem. A system of winches and cables is installed with the
winches located on the parapet wall at deck level, the cables being attached to the doors through a series
of fixed pulleys or blocks.

Fish Guidance Efficiency Improvements

Observations during the prototype SBC channel testing at Lower Granite Dam seemed to show that the
presence of the SBC improved the fish guidance efficiency (FGE) of the existing ESBS intake diversion
screens. The occlusion structure could potentially influence FGE of the diversion screens either by
improving fish guidance from higher in the forebay to the turbine intake and/or by locally improving flow
conditions and fish guidance within the turbine intake, across the screens, and into the bulkhead slots.
These flow features could likely be evaluated or confirmed through use of the existing models. Modeling
should be pursued if further development of this option is proposed.

Removable Spillway Weir

An RSW would be placed in spillbays 1 and 3. Design and operation considerations for the RSWs at
Little Goose Dam would be similar to those for Lower Granite Dam (SBC Type 5). The shape of the
spillway and piers are similar. However, additional spillbay and forebay modeling is necessary to
determine the optimal flow patterns in the forebay and along the RSW.

As described above, the goal of this SBC Type is to divert flow in the upper portions of the water column
from heading towards the turbine intakes. The RSWs would create a surface flow towards the RSWs.
The fish would then pass over the RSWs. Operation of the powerhouse would likely have a significant
effect on flow patterns near the powerhouse.

Fish north of the RSWs would likely be attracted to the RSW in spillbay 3, and not experience the effects
of the powerhouse flow.

Type 7 — Modified SBC Spillway Bypass at Two Spillbays

The goal of the SBC Type 7 design is to provide an SBC facility at the spillway to divert fish away from
the powerhouse and toward the spillway in a manner similar to SBC Type 4. Two spillbays would be
modified to each and provide an overflow spill of approximately 170 m*/s (6,000 cfs) at the surface of the
forebay to attract and safely pass the fish directly to the tailrace. Two RSWs are proposed to serve this
function. SBC Type 7, as it is proposed for Ice Harbor, is depicted in Figure 4-6.

The SBC Type 7 is similar to SBC Type 4, except two RSWs are installed instead of one. RSWs would
be placed in spillbays 1 and 4. Two RSWs would provide twice as much attraction flow, increasing the
chances that fish would pass over an RSW. Refer to Section 8.4 and 9.1 for detailed information
concerning the RSW. The BGS is the same as included for SBC Type 3 and is described in Section 8.1
and 8.4.

SBC Type 7 includes the use of ESBS. Fish diverted by the ESBS would be delivered to the juvenile fish
facilities where they would be collected for transport (except at Ice Harbor) or returned to the river.
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4.4.4 Lower Granite Prototype Tests and Predicted Future Surface Bypass
Collector Performance

4.4.4.1 Background

Lower Granite Dam was selected for prototype development because it is at the upper end of the system
where large numbers of juvenile salmon and steelhead pass, and because of concern for stocks listed as
endangered under the ESA. Efforts at other projects have fed into SBC prototype development efforts at
Lower Granite.

The first SBC prototype test (a three-unit SBC) at Lower Granite was conducted in 1996. A repeat of the
same structure, with varying SBC gate and project operations, was completed in 1997. Test results
showed that a surface-oriented juvenile fish system could safely collect fish in significant numbers.
However, in order to more closely approach or exceed the high performance observed at Wells Dam,
further development and testing was completed. In 1998, an SWI was inserted into the turbine intakes to
work in conjunction with the original SBC structure in order to more closely simulate flow conditions that
occur at Wells Dam. In addition, a BGS was tested in 1998. The BGS test was to evaluate the concept of
a deep physical barrier with relatively low velocities passing beneath the structure, working in
combination with a general downstream angled river flow to keep fish away from turbine units behind the
BGS.

4.4.4.2 Predicted Fish Performance for Different SBC Types Based on 1998 Lower
Granite Prototype Test Results

The Lower Granite SBC underwent a series of tests from 1996 through 2000. Generally, entrance
configurations and project operations were not similar between test years. Results were highly variable
between test years and between monitoring techniques (primarily hydroacoustics and radiotelemetry).
Preliminary results from 1998 SBC/BGS prototype tests were used to develop estimates of what
performance might be expected from a permanent SBC system at a dam. These estimates use
hydroacoustic fish passage data gathered during the 1998, 1999 and 2000 juvenile salmonid outmigration
at Lower Granite Dam on the Snake River. Hydroacoustics provides a measure of the run-at-large, with
relatively large sample sizes. Radio-telemetry was also used in 1998 and 2000 to assess the performance
of the SBC and BGS. Radiotelemetry provides species specific information, but uses relatively small
sample sizes, so variability is increased. The data from the two studies comport fairly well; however,
radiotelemetry estimates of SBC passage for spring chinook and wild steelhead were generally lower than
those for hydroacoustics. Conversely, some passage estimates using radiotelemetry for hatchery
steelhead were higher than hydroacoustic estimates.

SBC passage estimates for the various SBC types were all derived from a value of 50 percent for

R(4 to 5). This represents somewhat of an average for the last 3 years of testing, in which the BGS and
SWI were both in place. This means that 50 percent of the fish passing through the SBC or units 4 and 5
or the screened bypass system actually passed through the SBC. The FGE value of 82 percent was used
for all units with all SBC types. While different FGE values were measured for different units and
different groups of units under different configurations of the SBC and BGS, 82 percent represents an
overall FGE value for the entire powerhouse.

For a SBC Type 1 or 2 (full powerhouse with or without dewatering), it is estimated that 50 percent of the
fish passing the powerhouse would pass through the SBC. Of the remaining 50 percent, approximately
41 percent would be guided by the screens (FGE value used for these analyses is 82 percent), leaving
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9 percent of the fish passing through the turbines. As a system, this gives a combined bypass efficiency
(CBE) for SBC and screens of 91 percent. The SBC, in this case, provides a 9 percent increase in fish
passage efficiency (FPE).

For an SBC Type 3 (partial powerhouse with a BGS), the analysis becomes more complicated. Of 100
fish approaching the dam, 78 percent of those fish approaching units 1 through 4 would be diverted over
to units 5 and 6. If we assume the initial distribution of fish to be equal at all six units (with no BGS in
place), this means that approximately 85 percent of the fish are now in front of units 5 and 6, where the
SBC is located. Fifty percent, or 43 fish, enter the SBC while 42 fish enter the turbine intakes, where 34
of them are guided by the screens and 8 pass through the turbines. The remaining fish at units 1 through
4 total 15. Twelve of these are guided and 3 pass through the turbines. To summarize, 43 fish pass
through the SBC, 46 are guided by the screens and 11 pass through turbines. CBE is 89 percent, with the
SBC providing a 7 percent increase over screens alone in FPE.

An SBC Type 4 consists of a BGS leading to a modified spillway entrance. There is no SBC associated
with the powerhouse. For purposes of this discussion, it is assumed that a BGS to the spillway will divert
fish at a similar rate as the prototype BGS which covered only the south half of the powerhouse. While
the diversion probability of the BGS (and thus the overall FPE also) would probably be lower under this
condition, it reflects the only measurement that is available: what was measured on the prototype in
1998. This being the case, 78 percent of the fish approaching the powerhouse would be diverted to the
spillway. The remaining 22 percent would enter the turbine intakes with 18 being diverted by the screens
and 4 passing through the turbines. This gives an FPE (or CBE) of 96 percent. The BGS with spillway
passage provides a 14 percent increase over screens alone. This system has no provisions for transport of
fish.

SBC Type 5, would have a BGS with a partial powerhouse surface collector for transport only and RSWs
in spillbays 3 and 5. These structures would be used in combination with ESBSs. It is assumed that the
RSWs would be operated during times that it is desirable to have fish migrating in the river, while the
surface collector would operate during times that transportation was the preferred fish migration tool.
When operating with just the surface collector, performance would be similar to a SBC Type 3. Because
we have no information on the performance of RSWs at this time, it is impossible to try and predict what
percentage of fish will pass over them under various conditions. It will be assumed for this analysis that
the performance will be similar to a partial powerhouse SBC. FPE should be similar for both of these
options (partial powerhouse SBC and two RSWs, with BGS).

SBC Type 6 consists of an occlusion structure in front of the powerhouse together with two RSWs. There
is some evidence that an occlusion structure in front of a powerhouse may positively influence FGE,
although the exact mechanism is not known. This has not been definitively tested and the tests which
seem to show this, at Lower Granite in 1998 and 2000, were confounded by the presence of the BGS in
front of the units that did not have the occlusion (the SBC in this case). Also, as stated in the previous
section, there are currently no test results for the RSW and it is unknown what the FPE and effectiveness
of this type of structure will be. Given these caveats, we can speculate that the occlusion device will
result in a small increase in FGE for the ESBSs and may tend to discourage fish from entering the turbine
intakes. This would tend to increase the effectiveness of the spillway in general, and the RSWs in
particular. Spillway effectiveness has been measured at Lower Granite in recent years in conjunction
with SBC testing, with values usually between 1 and 1.5.
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Table 4-2.  Surface Bypass Collector Performance Data Presented as a Percentage of All
Fish Approaching the Powerhouse (Not Spilled)

SBC Type FGE and CBE Fish Passage Route
FGE CBE Increase Screened Turbine Project
Alone % %o % Bypass % SBC % %o Survival* %
Type 1,2 82 91 9 41 50 9 98.6
Type 3 82 89 7 43 46 11 98.3
Type 4 82 96 14 18 78 4 99.1

* Survival Number Assumptions: SBC=99.5%, Screened Bypass=99.5%, Turbine=89%

SBC Type 7 includes a BGS to the spillway with RSWs in spillbays 1 and 3. This option would most
likely be used at Ice Harbor. Again, without any test results for the RSW, it is difficult to predict how this
combination would perform. It is, however, very similar to SBC Type 4, and performance would
probably be similar if BGS diversion were as high as with the prototype at Lower Granite.

4.4.5 Rationale Used for Development of Surface Bypass Collector Types Used
for Different Surface Bypass Collector System Combinations

4.4.5.1 General

An SBC Conceptual Design Report completed in 1998 included ten SBC options for Lower Granite Dam.
The options were compared to one another to determine the best transportation, bypass, and adaptive
migration strategy options for future consideration at the lower Snake River facilities. The goal was to
develop several rational SBC systems to be investigated further. Several meetings were held by Corps
biologists and engineers to discuss which SBC options should be used for development of the SBC
system combinations. The Corps coordinated with regional specialists to achieve a consensus on the SBC
system combinations to be studied.

The SBC combinations selected are described in detail in the Surface Bypass and Collection System
Combinations Conceptual Design Report (SBC Combinations Concept Report). The report was
completed in December 1998 and is included in full in Annex B. The Major System Improvements
options included in this appendix are based upon this report. The following sections reference the SBC
Combinations Concept Report.

Because there is currently no widespread regional agreement on whether transporting the juvenile fish is
better or worse than keeping the fish in-river, it was decided to develop several system combinations.
Two SBC system combinations that keep fish in-river for downstream migration will be investigated in
this appendix. Also, there are two SBC combinations investigated that utilize a fish transportation system
with one combination at a significantly reduced cost. Finally, there is another system combination
studied in this appendix that allows for both transportation and in-river bypass.

4.4.5.2 SBC Structure with SWI Component

The preliminary data from the SBC prototype testing indicated that the SWI and ESBS worked well
together to achieve a high collection rate. Because of this, 21.3-meter (70-foot)-deep surface collectors
were selected over 16.7-meter (55-foot)-deep surface collectors for further consideration at Lower
Granite, Little Goose and Lower Monumental Dams. At Ice Harbor Dam, the forebay depth is
considerably shallower and the powerhouse structure is configured such that a 16.7-meter (55-foot)-deep
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surface collector would appear more appropriate for working together with the ESBS. Use of ESBS
intake diversion screen systems is assumed for each SBC type, at each project, for each system
combination.

4.4.5.3 SBC Structure with BGS Component

The performance data for the BGS were inconclusive at the time of development of the SBC
combinations. Also, as described in Annex B, the cost for a deep full powerhouse surface collector with
dewatering is only about 15 percent higher than for a deep partial powerhouse surface collector with
dewatering and a BGS. Also, it was felt that if a full powerhouse surface collector were feasible then a
partial powerhouse surface collector with a BGS would also be feasible. The reason for this is that the
most challenging aspect of development of a full powerhouse SBC is the large scale dewatering, assumed
to be about 170 m*/s (6,000 cfs). A partial powerhouse surface collector would have much less
dewatering, approximately 56.6 m’/s (2,000 cfs). Also, development of a BGS was found to be feasible
in the SBC Combinations Conceptual Report. For the reasons stated above, it was felt that a reasonable
choice for the bypass and transport SBC system combinations would include full powerhouse surface
collectors. Ifit is later found conclusively that the BGS testing is indeed successful, then it is likely that
less expensive partial powerhouse surface collectors with BGSs could be developed in lieu of full
powerhouse surface collectors to collect fish for transportation. Also, the BGSs could be used in lieu of
full powerhouse surface collectors to guide fish directly to a spillbay for bypass. However, concern was
raised regarding the complete exclusion of BGSs from the SBC Combinations Concept Report. It was
agreed that it was inappropriate to exclude consideration of this emerging technology prior to the
completion of prototype testing. Consequently, it was decided to include BGSs in the Adaptive Migration
Strategy System Combination described in the SBC Combinations Concept Design Report. That way,
BGS technical and cost issues would be included in the report.

The most recent results from the prototype testing indicate the BGS is effective at guiding fish. Because
of this, a Major Systems Improvements option, not contained in the SBC Combinations Concept Design

Report, is included in this appendix (Option A-6d). This additional option includes use of BGSs to guide
fish to the spillway.

4.4.5.4 Dewatering

The SBC Combinations Conceptual Design Report for Lower Granite Dam included a dewatering system
for a full powerhouse surface collector utilizing conventional dewatering criteria. Conventional criteria
includes a 0.12 m/s (0.4 ft/s) screen approach velocity component, as defined by NMFS, for screen
applications where salmonid fry may be present. Also, the conceptual design report included several full
and partial powerhouse surface collector options utilizing more progressive dewatering criteria. The
criteria includes a higher screen approach velocity, varying gradually between 0.36 m/s (1.2 ft/s) in the
upstream portion of the dewatering channel to the NMFS mandated 0.12 m/s (0.4 ft/s) in the downstream
portion of the channel. Preliminary dewatering model testing utilizing the progressive criteria has been
completed and has provided promising results. However, more model testing and, eventually, full-size
prototype testing would be required to determine the full effects of various dewatering scenarios on fish.
Use of the conventional dewatering criteria would result in a much larger and more expensive surface
collector. Also, the fish entrances would be further upstream, and the fish would experience a longer
travel time through the surface collector. For all these reasons, it was decided that the surface collectors
developed for the SBC Combinations Concept Report would utilize "progressive" dewatering criteria.
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Although not evaluated as part of this report, energy conservation measures related to excess flows
removed during dewatering will be evaluated in future studies. This may mean that excess SBC
discharge may be routed to a turbine to capture the energy that would be lost, or water may be added to
adult collection systems in order to take the place of flow currently provided by pumps or fishwater
turbines.

4.4.5.5 Spillway Fish Bypass Structure

Regional experts, including Corps biologists and engineers, compared methods of bypassing fish over the
spillway. One method included in the SBC Combinations Concept Report utilized a chute structure to
guide fish over the spillway. With the chute design, the fish would experience a high-velocity free plunge
from the end of the chute into the spillway tailwater. This would be a near-vertical, drop-off at the end of
the chute, as opposed to a spillway-type flow that is supported by the spillway concrete and guided into
the tailwater. This free plunge was seen as possibly being detrimental to the fish. Another method
developed in the report included raising the spillway crest. This method was seen as likely causing less
fish stress because it would discharge the fish into the tailwater in the same way the existing spillway
does and would include no free plunging water. Consequently, the in-river bypass and adaptive migration
strategy SBC system combinations contained in the SBC Combinations Concept Report include raised or
modified spillbays.

4.5 Miscellaneous Measures
451 General

Miscellaneous measures to upgrade present facilities to state-of-the-art designs and operations are
assumed to consist of items listed in the following sections. A description of how these improvements
may be grouped together to improve the existing system’s effectiveness for bypassing and/or transporting
fish is included in Section 5 of this appendix.

4.5.2 Adult Fish Attraction Modifications

The adult fish attraction water at selected projects would be modified in order to ensure an adequate water
supply for the fish ladders in the event of a pump failure. This may include electrical upgrades to provide
a more reliable source of electrical power to the attraction water pumps, upgrading existing pumps,
adding new pumps, or adding a gravity feed system for the attraction flow.

4.5.3 Upgrade to Lower Granite Juvenile Fish Facilities

Lower Granite Dam is the first dam downstream that migrating juvenile fish pass on the lower Snake
River. Under a fish transportation operating scenario, without in-river bypass, the highest percentage of
fish transported downstream from the lower Snake River would be transported from Lower Granite Dam.
Under an in-river, bypass-only operating scenario, all downstream migrating fish would pass Lower
Granite Dam. Therefore, it is important to incorporate improvements to minimize fish stress and to
optimize the effectiveness of the juvenile fish facility at Lower Granite Dam. Listed below are potential
improvements to the Lower Granite facility. The selection of specific items for implementation depends
upon whether the facility would be used for fish transport, bypass, or both. The proposed modifications
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are derived from improvements in fish facility technology gained in recent years. Upgrading the juvenile
fish facilities at Lower Granite would include the following:

e Replacing the thirty-six (36) 254-millimeter (10-inch) orifices extending from the bulkhead slots to
the juvenile fish collection gallery with thirty-six (36) 305-millimeter (12-inch) orifices. Each orifice
would be equipped with an air operated knife valve, and an air back-flush system for dislodging
debris. The valves would be automated and controlled with a programmable logic control computer
so they could be cycled to prevent clogging.

e Mining the gallery to a 2.7-meter (9-foot)-width so orifice flow would not strike the far wall. The
gallery is currently 1.8 meters (6 feet) wide.

e Mining an exit channel from the dam out to daylight, and installing a non-pressurized flume system to
the fish collection facility.

e Installing a dewatering system to reduce the flow from 7.08 m*/sec (250 cfs) to 0.85 m*/sec (30 cfs),
similar to the design at Little Goose Dam, and routing the excess water to the adult fish collection
facility.

e Installing a size separator to separate smaller (primarily salmon) from larger (primarily steelhead)
smolts so smaller and larger smolts can be transported in separate truck or barge compartments.

e Upgrading raceways and distribution flume systems at the collection facility.

e Upgrading direct barge loading facilities.

4.5.4 Additional Fish Barges

Additional barges would be constructed to allow direct loading (thus reducing fish stress) at collector
dams. Five additional 22,700-kilogram (50,000-pound) barges would be required to allow direct loading
at lower Snake River collector dams and to replace two existing barges. The two barges being replaced
are old hulls (over 50 years old) approaching the end of their serviceable life.

4.5.5 Modified Fish Separators

If prototype testing proves successful, fish separators would be modified to improve fish separation and to
reduce fish stress, delay, and mortality at existing juvenile fish facilities. The new separators would be
installed at Little Goose and Lower Monumental Dams and would be included in an upgrade of the Lower
Granite Juvenile Fish Facility.

4.5.6 Cylindrical Dewatering Screens

If prototype testing proves successful, cylindrical dewatering screens may be added to existing juvenile
fish facilities in order to improve dependability, and debris handling capabilities, as well as to reduce fish
stress. A cylindrical dewatering screen design is under consideration that may be an improvement over
existing stationary screen designs. If testing shows the cylindrical dewatering screens are beneficial, they
would likely be installed at Little Goose, Lower Monumental, Ice Harbor Dams, and included in an
upgrade of the Lower Granite Juvenile Fish Facility.
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4.5.7 Trash Shear Boom at Little Goose Dam

A new trash shear boom would be constructed in the forebay of Little Goose Dam to capture more of the
debris before it can get to the juvenile fish facilities. This debris creates maintenance problems, such as
plugging of orifices, which can lead to additional stress on the fish.

4.5.8 Modified Extended Submersible Bar Screens at Turbine Intakes

Submersible bar screens at Lower Granite and Little Goose Dams would be modified to improve their
operability and longevity. Modifications might include reducing vibration that causes steel fatigue and
cracking and better sealing underwater mechanical equipment to prevent water intrusion. Currently,
facilities do not exist at the dams to perform large-scale maintenance. The extended submerged bar
screens (ESBS) would have to be moved off site to perform this work.

4.5.9 Additional Flow Augmentation

Currently, additional flow from upstream storage in Idaho is used to increase the total river flow in order
to speed downstream migration of juvenile fish. This is a requirement of the 1995 Biological Opinion.
Many of the options for operating the river described later in this appendix assume the continued use of
flow augmentation or an increased amount of flow augmentation.

4.5.10 Anadromous Fish Evaluation Program

There will be continued monitoring and biological evaluations of anadromous fish due to any significant
changes made in the dam facilities and operations. The biological evaluations are conducted in three
phases: 1) identification of the problem, 2) evaluation of proposed modifications to the facilities or
operations to address the problem, and 3) evaluation of post-construction/operation performance.
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5. Existing System Upgrades

5.1 Introduction

Juvenile fish presently pass the dams through turbines, fish bypass systems, or over spillways. In
accordance with the 1995 Biological Opinion NMEFS issued for operation of the Federal Columbia River
Power Systems, the Corps also implements flow augmentation and increased spill measures to help
migration. Intake screens are used to guide most of the fish away from turbines and into bypass systems.
Juvenile fish are then routed back to the river or into barges or trucks for transport downriver. The

1995 Biological Opinion currently states that about 50 percent of the juveniles are to be transported.

Existing Systems (see Section 3) consist of continuing present fish passage facilities and operations that
were in place or under development at the time the feasibility study was initiated. This includes non-fish-
related items as well, when considering operation and maintenance costs. Items to be added to present
systems (i.e., Existing System Upgrades) are considered important measures to upgrade existing facilities
to state-of-the-art designs and operations. Depending upon the alternative being evaluated, ongoing
improvements would include such things as modified turbine intake screens, additional fish transport
barges, additional end bay flow deflectors on spillways, turbine modifications, and others.

Proposed upgrades to the existing system vary somewhat depending upon the assumed method of aiding
fish migration (i.e., whether the fish are transported or bypassed). Various upgrades are grouped together
as options to improve the effectiveness of these operational scenarios. These options and the
corresponding upgrades are described below.

5.2 Option A-1a: In-River Passage with Voluntary Spill
5.21 General

Option A-1la assumes that the juvenile fishway systems will be operated to maximize in-river fish passage
and that voluntary spill will be used to bypass fish through the spillways.

Measures for Option A-1a that would likely be used to upgrade existing systems are identified in the
following sections.

5.2.2 Dissolved Gas Abatement Measures

Because the fish would remain in the river and voluntary spill would be used to attract the fish to the
spillway, it is important to implement dissolved gas abatement improvements. Dissolved gas abatement
measures are listed below.

e Spillway gas monitoring for all projects would be continued.

o Two end-bay deflectors would be added at Lower Monumental and Little Goose Dams. The
added deflectors would include smooth radius transitions and pier nose extensions. See Section
4.2.2 for further information related to additional end-bay deflectors.

e The existing deflectors at Lower Monumental, Little Goose, and Lower Granite Dams would be

modified. See Section 4.2.3 for further information related to modified deflectors.
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5.2.3 Turbine Measures

Because of the tremendous costs of implementing major changes to the turbines, it is assumed that
improvements to the turbines to improve fish passage will be incorporated in the scheduled turbine
rehabilitation for each project. The exact nature of this modification has not yet been determined. For the
purpose of this study, a minimum gap runner design will be installed in each turbine. This will
approximate the cost of incorporating fish passage measures with existing turbines.

5.2.4 Miscellaneous Measures

Unless specifically identified, the existing features, improvements to existing features, and new features
that are listed below would apply to all four lower Snake River projects. (See Section 4.5 for additional
discussion related to these items.) The items include the following:

e Existing adult fish passage systems with upgraded adult fish passage modifications

e Existing juvenile fish bypass and collection systems with upgrades to the Lower Granite Juvenile
Fish Facilities (less separator, raceway, distribution flume, and direct barge loading upgrades at
Lower Granite Dam)

e Minimum operating pools (MOP) with 527 million cubic meters (427,000 acre-feet) flow
augmentation from upstream storage in Idaho. Refer to Section 7 in Annex A for more
information

e New cylindrical dewatering screens
e Trash shear boom at Little Goose Dam

e Modification of the existing extended submerged bar screens (ESBS) at Little Goose and Lower
Granite dams

e Continued operation of the fish hatcheries

e Continuation of AFEP evaluations.
5.3 Option A-2a: Maximizing Transport
5.3.1 General

Option A-2a assumes that the juvenile fishway systems will be operated to maximize fish transportation.
Under this option, fish would be bypassed only at Ice Harbor Dam. Therefore, voluntary spill is included
only for Ice Harbor Dam.

Measures for Option A-2a that would likely be used to upgrade existing systems are identified in the
following sections.

5.3.2 Dissolved Gas Abatement Measures

Because most fish would be transported and voluntary spill is used only at Ice Harbor Dam, it was
decided that modifying the existing deflectors was not necessary. However, additional end-bay deflectors
at Lower Monumental and Little Goose Dams, as described for Option A-1a, were included in this option.
Also, spillway gas monitoring would be continued.
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5.3.3 Turbine Measures

For this alternative, improvement to the turbine designs that will improve fish passage will likely be
incorporated during the scheduled turbine rehabilitation for the particular project. This is the same
assumption as is included for Option A-la.

5.3.4 Miscellaneous Measures

Unless specifically identified, the existing features, improvements to existing features, and new features
that are listed below would apply to all four lower Snake River projects. This is the same list of
improvements as is included for Option A-1a, except for the following: 1) new barges, 2) new separators
at Lower Granite, Little Goose and Lower Monumental Dams, and 3) the existing juvenile facility at
Lower Granite Dam would have more extensive modifications to improve juvenile fish transportation
operations. See Section 4.5 for additional discussion related to these items. The list of items for this
option include the following:

o Existing adult fish passage systems with upgraded adult fish passage modifications

e Existing juvenile fish bypass and collection systems with upgrades to the Lower Granite Juvenile
Fish Facilities

e  MOP with 527 million cubic meters (427,000 acre-feet) flow augmentation from upstream
storage in Idaho

e Additional fish barges

e Modified fish separators at Little Goose, Lower Monumental, and Lower Granite Dams

e New cylindrical dewatering screens

e Trash shear boom at Little Goose Dam

e Modification of the existing ESBSs at turbine intakes at Little Goose and Lower Granite Dams
e Continued operation of the fish hatcheries

e Continuation of AFEP evaluations.

5.4 Option A-1: Adaptive Migration Strategy with Voluntary Spill
5.41 General

Option A-1 assumes that the juvenile fishway systems will be operated in a manner that will balance the
passage of fish between in-river and transport methods. This is the current operational strategy for the
lower Snake River dams per the 1995 Biological Opinion. Voluntary spill will still be used to bypass
more fish through the spillways.

Bypassing and transporting fish is the current operating strategy for the lower Snake River dams.

Measures for Option A-1 that would likely be used to upgrade existing systems are identified in the
following sections.
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5.4.2 Dissolved Gas Abatement Measures

This option includes bypassing some of the fish over the spillway and utilizing voluntary spill,
approaching the gas cap, to attract the fish to the spillway. These measures are similar to that included for
Option A-la. Therefore, dissolved gas abatement measures proposed for Option A-1 are the same as
those included with Option A-la. These measures include the following: 1) continuation of spillway gas
monitoring, 2) additional end bay deflectors and pier extensions at Lower Monumental and Little Goose
Dams, and 3) modification of existing deflectors at Lower Monumental, Little Goose, and Lower Granite
Dams.

5.4.3 Turbine Measures

As is included for Options A-1a and A-2a, improvements to turbines to aid fish passage are assumed to
occur during a future major rehabilitation of the turbines.

5.4.4 Miscellaneous Measures

The improvements listed in Section 5.3.4 are the same as the miscellaneous improvements that would be
appropriate for Option A-1. These measures would improve both the existing transportation and bypass
systems. Refer to Section 5.3.4 for a list of these measures.
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6. Major System Improvements

6.1 Introduction

Major System Improvements consist of measures beyond previously mentioned Existing System
Upgrades that have a high potential of increasing the effectiveness and efficiency of juvenile fish passage
around the dams. Based upon current information, the only future development that is included in this
category for this report is SBC-related alternatives. SBC alternatives would provide a new method of
collecting and/or bypassing fish.

Each Major System Improvements option would include various Existing System Upgrade options, as
described in Section 4 of this appendix. The major system improvements would act in concert with
upgraded existing systems to provide a significantly improved overall strategy for aiding downstream fish
passage. Refer to Section 4.4.3 and Annex B for a more detailed description of the SBC types referenced
herein.

6.2 Option A-6a: Major System Improvements—In-River Passage
6.2.1 General

Option A-6a assumes that the juvenile fishway systems will be operated to maximize in-river fish passage
utilizing upgrades to the existing system and major system improvements.

Also, 1,760 million cubic meters (1,427,000 acre-feet) of flow augmentation from upstream storage is
included in Option A-6a, compared to 527 million cubic meters (427,000 acre-feet) of flow augmentation
included with Option A-1a.

Voluntary spill would be used at each dam to attract fish away from the powerhouse, towards the
spillway.

Measures for Option A-6a that would be used to improve fish passage conditions significantly, focusing
on actions that will particularly facilitate in-river fish passage operations, are identified in the following

sections. Refer to Annex B for a more detailed discussion of SBC options related to the in-river passage
strategy.

6.2.2 Existing System Upgrades

All Existing System Upgrade measures identified with Option A-1a, as described in Section 5.2, are
included with Major Systems Improvements Option A-6a, except for flow augmentation, as described in
Section 6.2.1 above.

6.2.3 Surface Bypass Collectors

The migration strategy for Option A-6a is to focus on effective diversion of the fish away from the
turbines for in-river migration. For this combination, all four projects would be outfitted with a SBC
Type 2 design. See Section 4.4.3 and Annex B for more detailed information. This means each dam
would have a full-length powerhouse SBC channel without dewatering screens. Fish would be passed
directly downstream to the tailrace through modified spill flow. To maximize effective diversion away
from the turbines, ESBS intake diversion systems would be used in conjunction with the SBC channels at
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all four dams to divert fish that might pass under the channels and into the turbine intakes. Fish diverted
by the ESBS systems would continue to be directed to the juvenile fish facilities where these fish could be
delivered directly into the tailrace at that location.

As previously described, Lower Granite and Little Goose Dams already have ESBS systems, and these
would continue to be used in conjunction with the new SBC channels. The STS systems at Lower
Monumental and Ice Harbor Dams would be removed and replaced with new ESBS systems.

Table 6-1 below summarizes the SBC types at each project that would make up the SBC system
combination for Option A-6a.

Table 6-1. Summary of Surface Bypass Collector Types for Option A-6a

System Combination Lower
No. Lower Granite Little Goose Monumental Ice Harbor
Options A-6a: In- Type 2 Type 2 Type 2 Type 2

River with voluntary (Six-unit Bypass  (Six-unit Bypass  (Six-unit Bypass  (Six-unit Bypass

spill Channel) Channel) Channel) Channel)

6.3 Option A-6b

Option A-6b is identical to Option A-6a, except no flow augmentation is assumed.

6.4 Option A-6d: Alternate In-River Major System Improvement
Option

6.4.1 General

Option A-6d assumes that the juvenile fishway systems will be operated to maximize in-river fish
passage. This is the same fish passage strategy for Option A-6a except that it uses different SBC
components to accomplish the objective. Option A-6d includes the use of a BGS and RSW (SBC Type 4)
in lieu of a surface collector at each dam, except Little Goose Dam. A full-powerhouse, bypass-only
surface collector (SBC Type 2) system is included for Little Goose Dam.

This option was added late in the study because performance of the BGS was not known at the time a
preferred in-river passage alternative was selected to be studied and included in the SBC Combinations
Report (reference Annex B). At that time, it was decided to select Option A-6a to be included in the
report. However, the most recent data from the prototype testing of the BGS and surface collector at
Lower Granite Dam indicate that more fish would be guided to a spillway by a BGS than would be
collected with a surface collector. Option A-6d was selected for study during the latter stages of
development of this appendix when these data become available. Therefore, inadequate time existed to
develop drawings and text in the detail included in Annex B. However, Option A-6d is described in
sufficient detail herein by including appropriate references to Annex B.

Option A-6d includes 527 million cubic meters (427,000 acre-feet) of flow augmentation from upstream
storage.

Measures for Option A-6d that would be used to significantly improve fish passage conditions, focusing
on actions that will particularly facilitate in-river fish passage operations, are identified in the following
sections. Because this alternative was added late in the study, this SBC system combination is not
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evaluated in Annex B. However, a detailed discussion of SBC Types 2 and 4 are included in Annex B.
This information was used as a basis for determining estimated costs and an implementation schedule for
this option.

6.4.2 Existing System Upgrades

Most of the Existing System Upgrade features identified with Option A-1a in Section 4.2 would be
included with Option A-6d. Modification of the existing deflectors at Little Goose Dam is included in
Option A-6d because it is assumed Little Goose will have voluntary spill. None of the other projects is
assumed to have voluntary spill. Therefore, no modifications to the deflectors are included for the other
dams in this option.

6.4.3 Surface Bypass Collectors

The migration strategy for Option A-6d is to focus on effective diversion of the fish away from the
turbines for in-river migration. For this combination, Lower Granite, Lower Monumental, and Ice Harbor
Dams would have SBC Type 4 systems. At these dams, a BGS would extend upstream from the interface
of the powerhouse and spillway. A removable raised spillway weir would be placed on the spillbay
adjacent to the powerhouse to provide a more fish-friendly bypass over the spillway. SBC Type 4
systems are described in more detail in Section 4.4.3. There would be no need for voluntary spill at these
dams because the BGS is expected to divert about 78 percent of the fish away from the powerhouse,
towards the spillway. Refer to Section 4.4.4 for more information on BGS performance.

At Little Goose Dam, an SBC Type 4 would not be used because a BGS would block navigation. Instead,
an SBC Type 2 would be employed. See Table 6-2 for a summary of SBC types. Therefore, Little Goose
Dam would have a full-length powerhouse SBC channel that would not include dewatering screens. Fish
would be collected in the SBC, guided to the spillbay adjacent to the powerhouse, and passed over a
raised spillbay, downstream to the tailrace. Voluntary spill would be used to increase the percentage of
fish passed over the spillway. Refer to Section 4.4.4 for the effectiveness of SBC.

The existing ESBS intake system at Lower Granite and Little Goose Dams would be used to divert fish
that pass under the channel and into turbine intakes. Fish diverted by the ESBS systems would continue
to be directed to the juvenile fish facilities, where they would be delivered into the tailrace at that
location.

A new ESBS system would be installed in the turbine intakes at Ice Harbor and Lower Monumental
Dams to divert fish from the turbines.

Table 6-2. Summary of Surface Bypass Collector Types for Option A-6d

Lower
System Combination No. Lower Granite Little Goose Monumental Ice Harbor
Options A-6d: In-River Type 4 Type 2 Type 4 Type 4
Passage With BGS (Removable (Six-unit (Removable (Removable
Structures (NO Spillbay Weir with ~ Bypass Spillbay Weir ~ Spillbay Weir
voluntary spill exceptat  ggg) Channel) with BGS) with BGS)

Little Goose)
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6.5 Option A-2b: Major System Improvements with Maximized (High
Cost) Transport System

6.5.1 General

Option A-2b assumes that the juvenile fishway systems will be operated to maximize fish transport and
that voluntary spill will not be needed.

Option A-2b includes 527 million cubic meters (427,000 acre-feet) of flow augmentation from upstream
storage.

Measures for Option A-2b that would be used to upgrade existing systems and significantly improve the
effectiveness of fish collection and transportation are identified in the following sections. Refer to
Annex B for a more detailed discussion of SBC options used for improving fish transportation.

6.5.2 Existing System Upgrades

Existing System Upgrade features identified with Option A-2a in Section 5.3 would be included with this
Major Systems Improvements Option A-2b.

6.5.3 Surface Bypass Collectors

The migration strategy for Option A-2b is to maximize the number of fish collected and delivered to the
transportation facilities located at Lower Granite, Little Goose, and Lower Monumental Dams. Ice
Harbor Dam is not included because fish can only be bypassed. Fish collection would be accomplished
by constructing a full-length powerhouse SBC channel at each of the three upstream projects (SBC Type
1). The channels would contain dewatering screens to concentrate the fish in a small enough flow that
they could be delivered into the existing juvenile bypass channels inside each dam. Emergency bypass
openings would also be provided to allow the collected fish to bypass the dewatering screens and pass
downstream directly through the spillway if there is a problem with either the dewatering screens or the
transportation facilities. The SBC channels would be used in conjunction with ESBS located in the
turbine intakes. Fish diverted by the ESBS would also be delivered into the existing juvenile bypass
channels. All fish collected would be delivered to the transportation facilities and either trucked or
barged downstream. The number of fish continuing downstream by in-river passage through the projects
(either through the turbines or spillways) would be minimized and would drop significantly at each
consecutive project.

Lower Granite and Little Goose Dams currently have ESBS installed in the turbine intakes. These would
continue to be used. However, the intakes at Lower Monumental are currently outfitted with submerged
traveling screens (STS). These would be removed and replaced with ESBS to increase the screen
diversion efficiency and to further reduce the number of fish passing through the turbines.

At Ice Harbor Dam, the turbine intakes are also currently outfitted with STS. As at Lower Monumental
Dam, these would be removed and replaced with ESBS to increase the diversion efficiency of the
screening system. However, no SBC channel would be installed at Ice Harbor Dam. If the combination
of the SBC channels and the ESBS diversion systems function as anticipated at the upper three projects,
there should be so few freely migrating fish left in the river reaching Ice Harbor Dam, that construction of
an SBC system would not be necessary. This approach is further justified by the fact that no fish enter the
Snake River between Lower Monumental and Ice Harbor.
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Table 6-3 summarizes the SBC types at each project that make up the system combination for
Option A-2A).

Table 6-3. Summary of Surface Bypass Collector Types for Option A-2b

System Combination
No. Lower Granite Little Goose Lower Monumental Ice Harbor

Option A-2b: Type 1 Type 1 Type 1 None

Transport (High Cost)  (Six-unit Screened  (Six-unit Screened (Six-unit Screened
with no voluntary spill Channel) Channel) Channel)

6.6 Option A-2c: Major System Improvements with Low Cost
Transport System

6.6.1 General

Option A-2¢ assumes that the juvenile fishway systems will be operated to maximize fish transport and
that voluntary spill will be needed only at Ice Harbor Dam to aid in bypassing fish over the spillways.

Option A-2c¢ includes 527 million cubic meters (427,000 acre-feet) of flow augmentation from upstream
storage.

Measures for Option A-2c that would be used to upgrade existing systems and significantly improve the
effectiveness of fish collection and transportation are identified in the following sections. Refer to
Annex B for a more detailed discussion of SBC options used for improving fish transportation.

The juvenile fish passage strategies for Options A-2b and A-2c are the same. However, there are
significant differences in designs and project operations between these two options.

6.6.2 Existing System Upgrades

Existing System Upgrade features identified with Option A-2a in Section 5.3 would be included with this
major systems improvements option.

6.6.3 Surface Bypass Collectors

Option A-2c is a reduced-scale version of Option A-2b, requiring significantly reduced initial and
operating costs.

A key justification for implementing Option A-2c¢ is that the majority of juvenile salmon coming down
the Snake River starts upstream of Lower Granite Dam. If the combined SBC and ESBS systems to be
utilized at Lower Granite function as effectively as anticipated, there would be few migrating fish left in
the river below the dam. Considering the potential effectiveness of upgrading the intake screen systems,
construction of large, expensive SBC systems may not be justified downstream of Lower Granite Dam.

The migration strategy for Option A-2c, like Option A-2b, is to maximize the number of fish collected
and delivered to the existing or upgraded transportation facilities. However, this option relies more
heavily on the intake diversions screen systems because an SBC system would only be used at Lower
Granite Dam.

Like Option A-2b, Option A-2c includes an SBC Type 1 at Lower Granite. This would include the
construction of a full-length powerhouse SBC channel with dewatering to be used in conjunction with the
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existing ESBS system. At the lower three projects (Little Goose, Lower Monumental, and Ice Harbor
Dams) only ESBS intake diversion systems would be used. Because ESBS already exist at Little Goose,
there would be no required modifications at this project, and the existing diversion/bypass facilities would
continue to be used. At Lower Monumental and Ice Harbor Dams, the existing STS intake diversion
systems would be replaced with ESBS systems, but no additional SBC channels would be constructed to
augment these systems.

If it is decided that transportation is the migration strategy for the river, Options A-2b and A-2c actually
form a transportation package, which could be initiated prior to a decision between which of the two
combinations would constitute the final design. This is because everything involved in Option A-2c
would be required in Option A-2b. In fact, the most prudent way to install Option A-2b would be to
install Option A-2c first and test the SBC/ESBS collection facility at Lower Granite Dam. Any
unanticipated bugs could then be worked out of the SBC design. If, after testing of Option A-2c, it is
decided that Option A-2b is justified, lessons learned for the SBC Type 1 design at Lower Granite Dam
could be applied at Little Goose and Lower Monumental Dams.

Table 6-4 below summarizes the SBC types at each project. These SBC types make up Option A-2c.

Table 6-4. Summary of Surface Bypass Collector Option A-2c

System Combination Lower
No. Lower Granite Little Goose Monumental Ice Harbor
Option A-2c: Type 1 None None None

Transport (Low Cost)  (Six-unit Screened
with Voluntary Spill at Channel)
Ice Harbor only

6.7 Option A-2d: Major System Improvements—Adaptive Migration
Strategy

6.7.1 General

Option A-2d assumes that the juvenile fishway systems will be operated in a manner that will balance the
passage of fish between in-river and transport fish passage methods. The Adaptive Migration Strategy
would optimize current operational objectives where either in-river or transport strategies can be used.
This strategy addresses concerns about the risks and effectiveness associated with bypass-only and
transport-only. Because of its design, this option would have the flexibility to allow operational changes
to be made within a migration season if necessary.

This is similar to the fish passage strategy included for the Existing System Upgrade Adaptive Migration
Strategy (Option A-1). See Section 5.4 for details.

Option A-2d includes 527 million cubic meters (427,000 acre-feet) of flow augmentation from upstream
storage.

Actions required to implement Option A-2d are identified in the following sections. Refer to Annex B for
a more detailed discussion.
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6.7.2 Existing System Upgrades

Existing System Upgrade measures included with Option A-1, as described in Section 5.4, would be
included with Option A-2d.

6.7.3 Surface Bypass Collectors

The migration strategy for Option A-2d allows for either fish-friendly transportation or in-river migration.
At Lower Granite and Lower Monumental dams, SBC Type 5 systems would be installed. Surface
collectors could then be used to collect fish at these two dams for downstream transportation. Lower
Granite is a logical location for collecting fish for transport because it is the furthest upstream dam. It
was decided to use a surface collector at Lower Monumental to allow collection of 1) fish not collected at
Lower Granite, 2) fish entering the Snake River from the Tucannon River and 3) fish released from the
Lyons Ferry Hatchery.

When in transport mode, the surface collectors in front of Turbine Units 5 and 6 at Lower Granite and
Lower Monumental would collect downstream migrating fish and pass them through a dewatering section
in the surface collector, delivering them to the existing juvenile fish collection channel within each dam.
To guide fish away from Units 1 through 4, a BGS would be constructed in the forebay.

When it is desired to keep the fish in the river, the surface collector would be shut off and the fish would
be guided by the BGS past the surface collector to two RSWs. The RSWs would provide a surface
attraction flow and a less stressful method of bypassing fish than is now used for spillway passage.

As with the other system options, ESBS intake diversion systems would be used in conjunction with these
two-unit SBC channels. At Lower Granite Dam, the existing ESBS would be used, whereas at Lower
Monumental Dam there would be new ESBS to replace the existing STS. ESBS would be located in the
turbine intakes of all six units of both powerhouses to bypass fish that pass around or under the BGS.

At Little Goose Dam, a SBC Type 6 system would be installed. The Type 6 system consists of a full-
length powerhouse occlusion structure. The occlusion structure is expected to improve the performance
of the ESBS and to increase the guidance of fish away from the turbine intakes and towards the spillway.
An RSW would be placed in spillbays 1 and 3 to bypass fish. The goal is to provide an effective bypass
for juvenile fish. Also, each turbine unit at Little Goose Dam would have an existing ESBS in place.
Fish diverted by the ESBS would be directed to the juvenile fish facilities where they would be collected
for transport or returned to the river.

At Ice Harbor, a SBC Type 7 system would be constructed. A BGS would extend upstream from the
interface of the powerhouse and spillway. Two removable raised spillway weirs would be installed, one
on spillbay 1 and the other on spillbay 3. The RSWs would provide attraction flow to the spillways and
would provide a less stressful method of bypassing fish over the spillway than the current method. New
ESBS would replace the existing STS at Ice Harbor. They would be installed in the turbine intakes to
offer a bypass for fish passing around or under the BGS. Table 6-5 summarizes the SBC types for Option
A-2d.
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Table 6-5. Summary of Surface Bypass Collector Option A-2d

System
Combination No. Lower Granite Little Goose Lower Monumental Ice Harbor
Options A-2d: Type 5 Type 6 Type 5 Type 7
Adaptive Two-Unit Screened Occlusion Two-Unit Screened Two Removable
Migration Strategy Channel/BGS/Two Structure/Two  Channel/BGS/Two  Spillbay Weirs
RSWs — (Transport RSWs — RSWs (Transport with BGS-
or Bypass SBC) (Bypass SBC)  or Bypass SBC) (Bypass SBC)

6.7.4 Voluntary Spill

When operating in bypass mode, there would be a need for voluntary spill over the RSW at each dam.
However, each of the SBC types described previously is anticipated to improve the effectiveness of fish
attraction, guidance and bypass across each spillway, while spilling less water than required for current
spillway passage (see Section 4.4.4 for more information). In other words, it is anticipated more fish can
be bypassed with less spill using RSWs. Full scale testing is required to verify this. However, it may be
necessary to have additional spill across other spillbays to improve tailrace egress conditions for juvenile
fish. Hydraulic model tests specific to each dam would be needed to determine requirements for
additional training flows.

When transporting fish, there would be no need for voluntary spill at Lower Granite, Little Goose, or
Lower Monumental Dams because fish are transported from these dams. At Ice Harbor, fish must be
bypassed across the dam. Therefore, voluntary spill is required for the RSWs and may be necessary at
other spillbays to improve training flow at Ice Harbor.
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7. Impacts to Hydropower

7.1 General

As discussed in Section 1.4, the Corps is currently required to spill at all lower Snake River dams to
attempt to achieve an FPE target of 80 percent. Also, voluntary spill is assumed for some of the
Upgraded Existing System options and Major System Improvement options. Voluntary spill results in
less water available for hydropower production. Use of SBC options also requires water to be passed
over the spillway. This results in lost hydropower as well.

Each transportation option (Options A-2a, A-2b, and A-2¢) and Option A-2d (Adaptive Migration)
assumes substantially reduced or eliminated voluntary spill, resulting in reduced hydropower losses.
When compared to the current operating procedure, which includes voluntary spill, the loss of
hydropower due to the use of surface collectors for fish transportation (Options A-2a and A-2c) is offset
partially or completely by the reduced voluntary spill. For instance, Option A-2c¢ utilizes one 170 m’/s
(6,000 kcfs) surface collector that reduces hydropower economic benefits by about $4.5 million per year.
However, hydropower benefits are increased by about $9.6 million per year over the current operating
procedure due to the elimination of voluntary spill at Lower Granite, Little Goose, and Lower
Monumental Dams. The net effect for Option A-2c is an increase in hydropower economic benefits of
$5.1 million over the current operating procedure (reference: “Technical Report on Hydropower Costs
and Benefits,” developed by the Drawdown Regional Economic Workgroup: Hydropower Impact Team).

It is likely that a pumpback system or turbine generator could be installed to recoup most of the
hydropower benefits that would otherwise be lost due to use of an SBC. Such a system would likely
require an SBC with a dewatering system to separate the fish from the water that is either pumped back
into the reservoir or passed through a turbine generator. The in-river passage options (Options A-6a, A-
6b, and A-6d) do not have SBC dewatering systems. These options would likely have to be reconfigured
to include SBC dewatering if pumpback systems or turbine generators were included. If any option using
an SBC were selected for implementation, more detailed investigation of an energy conservation system
would be required.

7.2 Voluntary Spill Caps

Table 7-1 summarizes existing and new projected voluntary spill caps as they currently are operated and
illustrates how they could be operated in the future if gas abatement measures associated with upgraded
existing systems were implemented. This includes additional end-bay deflectors and modification of
existing deflectors. New gas abatement measures used with current flow levels would result in TDG
supersaturation levels of about 112 percent to 115 percent. Alternatively, new gas abatement measures
would allow a higher amount of flow without exceeding the limit of 120 percent TDG supersaturation.
However, increased spill would reduce hydropower benefits. The lost hydropower benefits due to current
and potential increased spill flows has not been determined. Spill flows are summarized for the two spill
conditions, assuming spill to the 120 percent TDG supersaturation limit.
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Table 7-1. Approximate Voluntary Spill Caps, Existing System, and Existing System Upgrades

Ice Harbor Lower Monumental Little Goose Lower Granite

1,000 m’/s 1,000 m’/s 1,000 m’/s 1,000 m’/s

(1,000 cfs) (1,000 cfs) (1,000 cfs) (1,000 cfs)
Existing System 3.11 (110) 1.2 (43) 1.4 (48) 1.3 (45)
Existing System 3.11 (110) 1.9 (68) 1.9 (68) 1.9 (68)

Upgrades™

* Includes additional endbay deflectors and modified deflectors where appropriate.
Note: Voluntary spills based on 120 percent TDG supersaturation limit.
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8. Unresolved Issues

8.1 General

Included below is a description of unresolved issues concerning dissolved gas abatement measures,
turbine modifications, and SBC technology development. Resolution of these issues could impact the
implementation schedules and costs included in this appendix.

8.2 Dissolved Gas Abatement Measures
8.2.1 General

The impacts of any spillway modifications on juvenile and adult fish passage, navigation and channel
erosion must be considered. The addition or modification of spillway flow deflectors may potentially
affect any or all of these items. In addition, as discussed in Section 4.2.1, there are still uncertainties
associated with the ongoing Phase II DGAS studies.

There are other gas abatement measures not included in any of the Existing System Upgrades or Major
System Improvements options, but which are included in Annex C. These measures hold potential for
significantly reducing TDG production. The engineering evaluation of these options is complete.
However, biological evaluations have yet to be completed.

8.2.2 Adult Fish Passage

Model studies and prototype evaluations have shown deflectors in the outside spillway bays may create
strong cross-currents (or lateral flows) immediately downstream of the adult fishway entrances. Tailrace
conditions altered by additional deflectors may disorient and delay adult fish seeking passage through the
fishway entrances adjacent to the spillways.

The effect of additional or modified flow deflectors on adult passage must be evaluated on a project-by-
project basis, accounting for differences in project configurations, such as relative location of fishway
entrances, channel bathymetry, and the existence of guide walls separating the entrances from the
spillway stilling basin. Hydraulic model studies would be required. Modifications to the existing
deflectors at Lower Granite Dam are not expected to affect adult fish passage.

If model studies indicate potential problems, it is anticipated that physical changes such as training wall
extensions or changes in the deflector design would resolve the problem. Also, spillway operational
changes resulting in modified spill patterns could be implemented. It is worth noting that similar spillway
modifications have been installed at Ice Harbor and John Day Dams without any apparent serious impacts
to adult fish migration.

8.2.2.1 Lower Monumental Dam

Although not anticipated, if end-bay deflectors were to cause adult fish passage delays, discharge through
these bays could be restricted during daylight hours with no impact to adults. These bays then could be
operated throughout the night for additional gas reduction benefits.

8.2.2.2 Little Goose Dam
Conventional type deflectors in spillbays 1 and 8 should have minimal impacts on adult fish passage.

\\Bellevue\Wpros\WP\1346\Appendices\FEIS\E - Major Sys Imp\CamRdy\App_E.doc

E8-1



Appendix E

8.2.3 Juvenile Fish Passage

The hydraulic flow conditions generated by deflected spill flow may directly impact survivability of
juvenile salmonids migrating downstream. Increased turbulence in the vicinity of stilling basin baffle
blocks and the end sill may increase with additional or modified deflectors. Increased turbulence in the
vicinity of these structures may result in increased mechanical injury. Though many of the projects are
similar, the influence of spillway modifications on juvenile fish passage must be evaluated on a project-
by-project basis.

If problems are discovered, then changes to spillway operations resulting in modified spill patterns could
be implemented to minimize impacts to juvenile fish.

8.2.4 Navigation

Flow deflectors decrease the amount of energy dissipated within the stilling basin, increasing the velocity
of flow in the downstream channel. The extent that deflectors influence navigation conditions
downstream of the lock entrances depends on the channel configuration, bathymetry, and the relative
location of the navigation lock to the spillway. Increased velocity and cross-channel flows may make it
difficult for tow operators to maintain proper alignment and speed as they approach and exit the
downstream lock entrance. Potential impacts of additional or modified deflectors on navigation must also
be evaluated on a project-by-project basis. Modifications to the existing deflectors at Lower Granite Dam
are not expected to affect navigation.

8.2.4.1 Lower Monumental Dam

The navigation lock at Lower Monumental Dam is located near the south non-overflow embankment and
is separated from the spillway by the south shore fish ladder. Surface skimming flow deflected from
spillbay 1 may increase channel velocities below the downstream lock entrance. Higher velocities could
create problems for tows exiting and entering the downstream lock approach.

Hydraulic modeling would be used to determine the impacts of any spillway modifications. If problems
are discovered, changes could be made to the spill patterns. Also, cellular cofferdams, similar to those at
Ice Harbor Dam, could be installed, or the guide wall could be extended. This would provide a physical
barrier to the spillway flows adjacent to the downstream approach to the lock.

8.2.4.2 Little Goose Dam

Conventional type deflectors in spillbays 1 and 8 and existing deflector modifications at Little Goose
Dam should have no adverse impacts on navigation. The peninsula downstream of the dam provides a
suitable barrier to the spillway flows.

8.2.5 Stilling Basin and Channel Erosion

The ability of the spillway and stilling basin to adequately dissipate the energy of spillway design flows
must not be compromised by any spillway modifications. If the primary energy from the spillway can be
contained within the stilling basin, no damage will occur to the structure. Model studies show the
standard 3.8-meter (12.5-foot)-long flow deflectors at Lower Monumental and Lower Granite Dams will
not cause a hydraulic jump to occur downstream of the stilling basin, regardless of the flow rate.
However, standard length deflectors at Little Goose Dam may cause problems with energy dissipation
because of the roller bucket.
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8.2.5.1 Lower Monumental Dam

Due to erosion, large holes have been created in the Lower Monumental stilling basin because the
construction of flow deflectors in the center six spillbays. The erosion has occurred near the toe of the
spillway below spillbays 1, 2, 7, and 8. Because of the location of the holes it is believed that the erosion
has been caused by hydraulic conditions created by the interaction of deflected and non-deflected
spillway flows. Adding flow deflectors to spillbays 1 and 8 may reduce the potential for continued
erosion. However, due to the severity of the problem, stilling basin conditions must be thoroughly
investigated before a recommendation of additional deflectors can be made.

8.2.5.2 Little Goose Dam

Extending the existing deflector lengths to 3.8 meters (12.5 feet) may result in insufficient energy
dissipation of the project design flows, forcing the hydraulic jump and high-energy flow into the
downstream channel and potentially causing erosion of the downstream channel and shoreline. Likewise,
adding similar size deflectors to the end bays may also compromise the roller bucket’s ability to dissipate
the energy of high spillway flows and may increase the potential for tailrace channel erosion. Model
studies will be needed to assess the potential impact.

8.3 Turbine Measures

Unless dam breaching is selected, it is likely that all of the generating units will require major repair or
rehabilitation in the next 10 to 50 years. Now, the exact nature of turbine related modifications and
associated fish benefits are not specifically known. However, benefits to anadromous fish stocks are
potentially significant because they will accrue over the life of a rehabilitated turbine, estimated to be 35
to 50 years. The current Turbine Passage Survival Program is yielding information to allow an accurate
evaluation of fish passage benefits associated with turbine operational changes and modifications. This
evaluation is expected to be complete in about 10 years.

8.4 Surface Bypass Collector Measures

8.4.1 Surface Bypass Collector Performance

Present SBC performance numbers are based on SBC prototype testing conducted at Lower Granite Dam
between 1996 and 1998 (see Section 4.4.4). In the case of SWI and BGS components of SBC, these
features have undergone just one year of testing. Given the nature of the prototype tests and the limited
test duration, predictions of how SBC systems might perform for full-system designs at Lower Granite
Dam and other lower Snake River projects can only be projected. However, it is believed that prototype
type test results thus far do provide a conservative prediction of how full-scale production systems would
perform. It is believed that with continued SBC research and development there is a high likelihood that
significant gain in SBC fishway performance can still be realized.

8.4.2 Dewatering

Several of the current options for SBC development (see Sections 4.4.3 and 4.4.5) would require the use
of large-scale dewatering systems that would be substantially larger than any screen system used on any
project to date. Large-scale dewatering systems discussed in this report are needed for all transport-
related options. In-river options do not have dewatering. In-river designs, however, may also eventually
require dewatering if some form of sampling and fish tag evaluations is ever required, or if it is desired to
reduce large fish attraction flows down to an amount that can be economically handled.
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The original study plan for dewatering was to perform field investigations, conduct literature searches,
develop design criteria, concept designs, complete large scale hydraulic model studies, and design,
construct, and test a prototype dewatering structure in conjunction with a SBC prototype. Progress was
made on all of these items, except for detailed design, construction, and testing of a dewatering prototype
structure. For a variety of reasons, such as budgetary constraints, design criteria uncertainties,
uncertainties as to how well SBC technology would perform, and a general aversion by many to
dewatering, the goal to complete a dewatering prototype test structure in time to provide input to the
feasibility study was dropped.

A variety of critical issues have to be answered before large-scale dewatering can be used with a high
degree of confidence. A physical hydraulic model study of a dewatering prototype test structure indicated
that more progressive dewatering screen criteria with a specially shaped channel floor and sidewall design
would be feasible from a hydraulics perspective. Because the model performed well hydraulically, the
consensus is that it would likely perform well from a biological perspective. However, large scale
dewatering, as it relates to biological performance and project operations/reliability concerns, can only be
answered with certainty by evaluating the results from a prototype test structure. Until such a prototype
structure is tested, which would also require additional detailed hydraulic modeling, uncertainties about
large-scale dewatering will exist.

The final design criteria used for development of a permanent dewatering structure would be based upon
the results of the prototype test.

8.4.3 Reduced Spillway Capacities

Some of the SBC options impacting existing spill bays reduce original spillway flow capacities by as
much as 5 percent. For these options to be completed using these designs, approval will be required from
a higher authority to reduce spill levels authorized for original projects. If approvals for reduced spill
levels are not given, alternative plans involving higher cost designs could be used. Some alternative plans
to address the reduced spillway capacity include the following:

e Routing SBC flows to the tailrace via modified portions of non-overflow sections of dams. Refer to
the appendix at the end of Annex B for more information.

e Modifying some of the other spillbays to increase their spill capacity. This option would likely be
very expensive.

e Passing excess flood flows through the turbines. Perforated bulkheads installed upstream and/or
downstream of the turbines would be required to reduce the large head differential enough to avoid
damaging the turbines. However, this option has not yet been studied in detail.

e Passing excess flood flows through the navigation lock culverts and into the lock, to exit downstream
through the open downstream lock gate. However, this option has not yet been studied in detail.

8.4.4 Structural Design Issues Related to Modifications to Existing Spillways
and Central Non-Overflow Sections

Additional seismic structural stress analysis of key existing structures would be required for some of the
options due to the addition of SESs and RSWs to the spillway and central non-overflow monoliths. These
analyses would be especially important at Ice Harbor Dam where design ground accelerations are high. A
stability analysis of the spillway at Ice Harbor Dam would be required before attaching any structures to
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it. If the stability of any monolith is compromised, or concrete design stresses are found to be excessive,
additional concrete and/or post-tensioning may be added to bring the structure(s) into compliance with
current design criteria.

8.4.5 Removable Spillway Weir

The RSW included with SBC Type 4, 5, 6, and 7 systems would require model testing to determine the
best shape for development of a full-size prototype. Prototype testing would show whether an acceptable
design could be developed that does not harm fish. Because the RSW would be resting on top of an
existing spillbay, there are limitations on the possible shapes of the RSW. However, it is currently
anticipated that a successful design could be developed.

8.5 Miscellaneous Measures

Some of the miscellaneous measures to upgrade present facilities, as discussed in Section 4.5, involve
issues related to either uncertainties surrounding effectiveness of the improvement or its specific design
layout.

Examples of features that are either being researched now or soon will be, include cylindrical dewatering
screens and modified fish separators. The results of the research and testing will determine if these items
are to be implemented. Also, the results will be used in developing the final design of the upgrades to the
Lower Granite Juvenile Fish Facilities. The decision on whether or not to install an SBC at Lower
Granite Dam would also affect the design of the juvenile facility upgrade.
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9. Implementation Costs and Schedules

9.1 General

Implementation costs and schedules for each of the options evaluated in this appendix have been
developed and are summarized in Tables 9-1, 9-2, and 9-3 and in Figure 9-1, contained herein. Included
are costs for construction, operation, and maintenance, as well as other specific federal requirements for
each of the options. The costs were developed as comparison type costs, for use in the economic studies
and option selecting. Costs do not include escalation and are not intended to be used as program funding
estimates. These costs are based on the scope of work, assumptions, and methodology presented in the
“Detailed Project Schedule PB-2A” (PB-2A) and Engineering Annexes A through D of this appendix.
Engineering, design and construction supervision, and administration costs are included in new
construction costs. Also, all costs include contingencies. More detailed cost and implementation
information can be found in Annex E. Final cost comparisons will take place in Appendix I, Economics.

Costs are tabulated for each of the eight options for operating the four lower Snake River dams as shown
in Table 9-1.

Table 9-1. Options Included in the Cost Estimates

Option Existing System Upgrade or

Number Major System Improvement  River Operational Strategy

A-1 Existing System Upgrade Adaptive Management Strategy

A-la Existing System Upgrade In-River Operation

A-2a Existing System Upgrade Maximizing Transport

A-2b Major System Improvement Maximizing Transport with SBC (high-cost
option)

A-2¢ Major System Improvement Maximizing Transport with SBC (low-cost
option)

A-2d Major System Improvement Adaptive Migration Strategy with SBC

A-6aand A-6b Major System Improvement In-River Passage with SBC and without BGS

A-6d Major System Improvement In-River Passage with BGS

9.2 Methodology for Development of Implementation Cost

This report includes concept level cost estimates. Estimates were developed for each of the nine options.
Costs are developed based on a 100-year life cycle analysis. All costs are at a price level October 1, 1998
(start of the fiscal year). For comparison purposes, no allowance is included for inflation to cover
construction time. A period extending from 2001 to 2045 is included in the graphs. After 2045, annual
costs are fairly constant.

Construction and acquisition costs are short point-in-time values, based on PB-2A, Conceptual Design
Reports, and supporting documents. These budgetary costs include costs for contracts, construction,
prototypes, testing and development, feasibility studies, real estate, cultural resources, engineering and
design, construction management, and project management. It has been assumed for cost development
that fish passage around the dams will not be impacted during construction. Therefore, in-water
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construction work will be allowed only during normal in-water work windows. Other assumptions and
costs are documented in the annexes. The cost for construction and acquisition occur for a short period
during these economic studies.

Anadromous fish evaluation program annual costs are for testing, research, development, and evaluation
of the effects of dam improvements on migrating fish. These study-costs occur for approximately the first
25 years of the construction and rehabilitation improvements.

Operations and maintenance (O&M) annual costs are based on historical records received from Programs
Management Branch within the Corps. They are tabulated and broken out per work breakdown structure
and separated into O&M costs for each dam. Minor and major rehabilitation costs, such as costs for
navigation locks, spillways, fish transportation, dredging and miscellaneous costs, are included in the
O&M cost data. However, costs for major rehabilitation of the powerhouse are not included with O&M
costs.

Costs for minor repair are shown as an annual cost based upon an assumed percentage of O&M costs. An
additional percentage was used to cover the cost of aging equipment and increased dredging. When
minor repairs and routine operation and maintenance costs are combined, the result is the complete cost of
operating and maintaining the four lower Snake River dams, except for major rehabilitation of the dam
turbine and generator units. Routine operation, maintenance, and minor repair costs are included for the
full duration of the economic study.

Major rehabilitation costs are short point-in-time costs for completely rehabilitating all 24 turbine and
generator units at the lower Snake River dams. This includes rehabilitation of the turbines, the turbine
blades (six blades per turbine), rewinding generators, and miscellaneous work. Because of the time
spanned by the economic study, more than one rehabilitation will be required. The second group of
turbine rehabilitations is not shown in the table or on the graphs because they would occur very far in the
future, but the second group of rehabilitation costs is included in the economic studies report. These
major repair and rehabilitation costs are assumed to occur during various short periods within the
economic study life.

Fish hatchery annual costs are for operating, repairing, and rehabilitating the fish hatcheries. The costs
for operating and maintaining the fish hatcheries are assumed to occur for the full duration of the
economic study.

Bureau of Reclamation (BOR) water acquisition annual costs include obtaining additional water for flow
augmentation to aid downstream migrating fish. Average costs for water acquisition were used in the
development of these costs. The water is purchased from natural (irrigator) flow rights, changes in lower
Snake River reservoir operations, and additional water from BOR storage reservoirs. These water
purchase costs occur for the full duration of the economic study.
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9.3 Uncertainties

The yearly costs profile graphs show the funds needed to accomplish the work on schedule (without
inflation). However, final schedules and project costs depend upon funding limitations and will be
adjusted accordingly. The schedules assume that work will start in FY 2001 (Oct 1, 2000).

Because various aspects of the fish mitigation program are in the early stages of development, certain
requirements may change and costs may vary. There were no additional costs included for future
improvements to the existing fish facilities that may occur upon completion of research.

The 24 lower Snake River dam turbine units have an approximate life span of 35 to 50 years. It is
assumed that approximately 10 years is required to rehabilitate the six turbine units at each dam, and only
one turbine unit can be rehabilitated at a time, in order to maintain consistent power production. Also, it
is assumed that rehabilitation will occur at just one dam at a time due to anticipated funding limitations.
The schedule assumes the final turbine unit rehabilitation at each dam will be completed 10 years after the
end of its estimated 50-year life span (see schedule). This method is a conservative approach to
rehabilitation of the turbine units.

Schedules, concept costs, and the fish mitigation program are under development and are subject to
change as direction and funding are made available. All annual costs are an approximation of fluctuating
costs and funding and are subject to change over time.

9.4 Summary Tables and Graphs

Tables 9-2 and 9-3 and Figure 9-1 provide a summary of costs and implementation schedules for each of
the options described in Section 9.1. More detailed information is available in Annex E.
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10. Glossary

3-D cams: Computer software based upon the turbine performance curves that automatically adjusts the
wicket gate openings and turbine blade angle to optimize turbine efficiency.

Adaptive Migration Strategy: This strategy allows for the use of either in-river bypass and/or
transportation of juvenile fish.

Anadromous Fish: Fish, such as salmon or steelhead trout, which hatch in fresh water, migrate to and
mature in the ocean, and return to fresh water as adults to spawn.

Anadromous Fish Evaluation Program (AFEP): Involves biological evaluations of anadromous fish
and evaluations of proposed dam modifications to predict resulting impacts to fish.

Behavioral guidance structure (BGS): Long, steel, floating structure designed to simulate the natural
shoreline and guide fish toward the surface bypass collection system by taking advantage of their natural
tendency to follow the shore.

Collection channel: A channel within the powerhouse that downstream migrating fish enter after being
guided away from the turbines with turbine intake screens or a surface collector. The fish travel down the
channel to a juvenile fish facility where they are transported downstream of Bonneville dam.

Combined bypass efficiency (CBE): Refers to the total number of fish guided by the screens or
collected by a surface collector, as a percentage of the total number of fish approaching the powerhouse.

Cylindrical dewatering screens: A structure used for reducing the flow of water to the juvenile fish
facilities. Cylindrical dewatering screens may be an improvement over existing dewatering screens, but
need to be tested using a prototype before implementation.

Dewatering: The process of removing excess water from a surface collector or the juvenile fish
collection system in order to have reduced flow that the juvenile fish facilities can handle.

Dissolved gas supersaturation: Caused when water passing through a dam’s spillway carries trapped air
deep into the waters of the plunge pool, increasing pressure and causing the air to dissolve into the water.
Deep in the pool, the water is “supersaturated” with dissolved gas compared to the conditions at the
water’s surface.

Existing System: The existing hydrosystem operations under the National Marine Fisheries Service’s
1995 and 1998 Biological Opinions. The Corps would continue to increase spill and manipulate spring
and summer river flows as much as possible to assist juvenile salmon and steelhead migration. Juvenile
salmon and steelhead would continue to pass the dams through the turbines, over spillway, or through the
fish bypass systems. Transportation of juvenile fish via barge or truck would continue at its current level.

Existing System Upgrades: Changes implemented to improve the effectiveness of the current fish
collection/bypass facilities.

Extended submerged bar screens (ESBS): Screens extending in front of the turbines to guide fish away
from the turbines, up to the juvenile fish collection channel inside the dam. These are an alternative to
submerged traveling screens.
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Fish collection/handling facility: Holding area where juvenile salmon and steelhead are separated from
adult fish and debris by a separator and then passed to holding ponds or raceways until they are loaded
onto juvenile fish transportation barges or trucks.

Fish guidance efficiency (FGE): Percent of juvenile salmon and steelhead diverted away from the
turbines by submerged screens or other structures.

Fish Hatcheries: Hatcheries operated to compensate for reduced numbers of anadromous fish.

Fish Ladder: A structure designed to provide safe adult fish passage from the downstream to the
upstream side of each dam.

Fish passage efficiency (FPE): Portion of all juvenile salmon and steelhead passing a facility that do not
pass through the turbines.

Fish Separators: Structures that separate juvenile salmon from juvenile steelhead.

Flow Augmentation: Includes the use of upstream storage for flow augmentation. Flow augmentation
decreases the duration of downstream migration of juvenile fish.

In-River Bypass: Operations that bypass fish directly to the tailrace via existing spillways or through
some type of fish bypass system.

Involuntary Spill: Spill that is required to pass high river discharge past the project once powerhouse
capacities/owner requirements have been reached.

Juvenile fish transportation system: System of barges and trucks used to transport juvenile salmon and
steelhead from the lower Snake River or McNary dam downstream of Bonneville dam for release back
into the river.

Minimum Operating Pool (MOP): The bottom one foot of the operating range for each reservoir. The
reservoirs normally have a 3-foot to 5-foot operating range.

Removable spillway weir (RSW): A removable steel structure that is attached to the forebay of an
existing spillbay, creating a raised overflow weir above and upstream of the existing spillway crest.

Simulated Wells intake (SWI): Modified turbine intake that draws water from below the surface so that
the surface is calmer and juvenile fish are less influenced by turbine flows. This allows juvenile fish
more opportunity to discover and enter the SBC.

Spill Operations: Includes voluntary spill to assist in the bypassing of juvenile salmon and steelhead
over the dam spillways. The spill is thought to attract the fish away from the turbines, and towards the
spillway.

Spillway extension structure (SES): A structure attached to the upstream face of the spillway to aid in
passing water from the surface collector over the spillway.

Spillway flow deflectors (flip lips): Structures that limit the plunge depth of water over the dam
spillway, producing a less forceful, more horizontal spill. These structures reduce the amount of
dissolved gas trapped in the spilled water.
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Submerged traveling screen (STS): Structures with a moving (traveling) screen extending in front of
the turbines to guide fish away from the turbines, up to the juvenile fish collection channel inside the dam.
These are an alternative to extended submerged bar screens.

Surface bypass collector (SBC) system: Structures designed to divert fish at the surface before they
dive and encounter the existing turbine intake screens. SBCs collect the juvenile fish and guide them
downstream, either over the dam spillway or to the juvenile fish transportation system.

Transport: Directing fish to a truck or barge transport system with capabilities to bypass fish to the
tailrace in an emergency.

Trash Boom: A floating structure in front of the dam to collect floating debris. The trash boom prevents
trash from getting into the juvenile fish collection system and causing damage to fish, clogging of screens,
etc.

Voluntary Spill: Bypassing water over the spillway intended to attract juvenile fish to the spillways for
in-river passage.
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1. General

This annex provides a detailed description of the elements of the existing conditions. This
description includes not only the facilities that currently exist at the dams and reservoirs on the
lower Snake River, but also future improvements to those facilities that are considered to be
reasonable and prudent.

The existing conditions consist of continuing the fish passage facilities and operations that were
in place or under development at the time the feasibility study was initiated. The existing
conditions include:

e adult fish passage systems including fish ladders, pumped attraction water supplies, and
powerhouse fish collection systems operated as specified in the 1995 and 1998 Biological
Opinion and Supplemental Biological Opinion

¢ juvenile fish bypass/collection systems at the lower Snake River dams. This includes
collecting and transporting a portion of the juvenile fish outmigration as specified in the
1995, 1998 Supplemental Biological Opinion, and the ESA Section 10 Permit ( No. 895) for
the Juvenile Fish Transportation Program (JFTP)

e operating the lower Snake River reservoirs at minimum operating pool (MOP) during the
outmigration as specified in the 1995 and 1998 Biological Opinions

e operating turbines within 1 percent of peak efficiency at the dams
e providing spill to bypass juvenile salmon and steelhead

e using upstream storage for flow augmentation as required in the Biological Opinion and
Supplemental Biological Opinion for operation of the Federal Columbia River Power System

e completing the installation of gas control measures at the dams
e monitoring and controlling total dissolved gas levels to state standards

e providing or operating and maintaining fish hatcheries for compensation for dam caused fish
losses.

2. Adult Fish Facilities

Since the construction of each dam, the Corps has operated adult fish collection and passage
facilities at each lower Snake River dam. These facilities were developed in collaboration with
the fishery agencies of the region. Although facilities differ at each dam, they have certain
common features. Each dam is comprised of the powerhouse, spillway, navigation lock, and an
earth fill section. The position of each element with respect to one another varies from dam to
dam. In development of each dam, hydraulic models were used to select the best location for
adult fish facilities. Typically, there is a set of main fishway entrances near the far end of the
spillway, between the spillway and powerhouse, and at the near end of the powerhouse. Two
entrances are typically used at each location. Additional smaller entrances (floating orifice gates)
are provided across the face of the powerhouse. At Ice Harbor and Lower Monumental Dams,
there is one fish ladder on the spillway side and one on the powerhouse side to allow fish passage
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over the dam. At Little Goose and Lower Granite Dams, fish entering the spillway entrance pass
under the spillway through a tunnel. The tunnel connects to the powerhouse fish collection
system. Fish entering the north powerhouse entrances, fish entering through floating orifices
along the face of the powerhouse, and fish entering the south powerhouse entrances, all pass over
the dam via one fish ladder on the south abutment of the dam. Adult fish facilities are operated in
accordance with the Corps’ Fish Passage Plan as prescribed in the 1995 and 1998 Biological
Opinions. Studies are underway to improve facilities and operations in accordance with the
Biological Opinions. Modifications to the adult fish attraction water system are being considered
for all adult fishways at each lower Snake River dam per the 1995 Biological Opinion. This may
include electrical upgrades to provide a more reliable source of electrical power to the attraction
water pumps, upgrading existing pumps, adding new pumps or adding a gravity feed system for
the attraction flow. These measures will ensure an adequate water supply for the fish ladders in
the event of a pump failure.

Figure 1. Fish Ladder at Little Googe Dam

3. Juvenile Fish Bypass/Collection Systems

Juvenile fish bypass facilities were developed or installed as the four lower Snake River dams
were constructed. Facilities were upgraded as new technology developed. In 1987, the Columbia
River Fish Mitigation Program (CRFMP) was initiated. Under CRFMP, juvenile fish
bypass/collection facilities were to be upgraded at all of the lower Snake River dams, as well as at
McNary, John Day, The Dalles, and Bonneville Dams on the lower Columbia River. On the
lower Snake River, facilities were upgraded at each dam. A typical, modern facility consists of
existing and new features as described below:
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Turbine intakes

Each generating unit at the lower Snake River dams has three turbine intakes (funnel shaped
entrances that allow water into the turbine). Each intake is protected by a trash rack (steel
grating) that has openings 6 inches wide by 6 feet high. Juvenile and adult fish pass through
these trash racks when they enter the turbines. With three intakes per turbine, and six turbines per
lower Snake River Dam, there are 18 openings where fish enter the powerhouse. Turbine intakes
are similar at the four dams except that they are slightly smaller at Ice Harbor Dam where the
turbines are smaller.

Turbine intake screens

Standard length traveling fish screens (STSs) are devices that are lowered into the turbine
bulkhead slots, tilted out to a 55 degree angle, and divert fish from the turbine intake up the
bulkhead slot. The screened area is 6 meters (20 foot) high and 6 meters (20 foot) wide. The
screen is a continuous belt that travels around the frame like a conveyer belt. A perforated plate
between the front and back of the screen creates a sort of hydraulic cushion at the upstream face
of the screen, preventing fish from becoming impinged on the screen. The flow is diverted
upwards, carrying the fish to the bulkhead slot. The screen revolves so that debris collected on
the front face is carried over to the back side where it is washed off by the flow through the
screen. Standard traveling screens have been replaced with extended submersible bar screens
(ESBSs) at Lower Granite and Little Goose Dams. These screens are 12 meters (40 foot) long
and 6 meters (20 foot) wide. They have a stainless steel bar screen face with a trash brush that
carries debris up the face and over the top of the screened area. Like the STSs, the ESBSs have a
perforated plate behind the screen to create a hydraulic cushion to guide the fish. STSs are still
used at Lower Monumental and Ice Harbor Dams.

Bulkhead slots and orifices

Fish guided into the bulkhead slot swim or are carried upward by the flow deflected by the fish
screen. A vertical barrier screen allows most of the flow to go into the operating gate slot
downstream of the bulkhead slot. Typically, there is 0.31 m*/s (11 cfs) to 0.71 m’/s (25 cfs) of
flow exit from the bulkhead slot into a collection channel within the powerhouse. There are
typically two 12-inch orifices per bulkhead slot. One or two orifices are operated, depending on
the elevation of the reservoir. If the reservoir is full, one orifice is operated. If it is at MOP, two
orifices may be operated. Orifices at Lower Granite Dam are 0.25 meters (10 inches) in diameter
pending an upgrade, which is discussed later.

Collection gallery

At Lower Granite Dam, a collection gallery was constructed in the dam. It is a tunnel 1.8 meters
(6 feet) wide and 3.7 meters (12 feet) high running from the north end of the powerhouse to the
south end. Orifices from the bulkhead slots and fish screen slots (upstream of the gallery, but
abandoned because they did not work) empty into the collection channel. Enough orifices are
operated to maintain approximately 6.85 m’/s (242 cfs) flow in the gallery. At the south end of
the powerhouse, the gallery turns downward into a funnel shaped downwell for 20 meters (65
feet) before entering a 1,066-millimeter (42-inch) pipe. At Little Goose and Lower Monumental
Dams, which were constructed with imbedded pipelines for juvenile bypass systems, subsequent
modifications resulted in mining of tunnels similar to the gallery at Lower Granite Dam. At Ice
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Harbor Dam, a collection channel was constructed in the ice/trash sluiceway along the upper face
of the powerhouse.

Bypass pipe or flume

As mentioned above, Lower Granite Dam has a 1,066-millimeter (42-inch) pipeline from the
powerhouse to the juvenile fish facility approximately 762 meters (2,500 feet) downstream.
There is 20 meters (65 feet) of head on the water and fish that are released at the juvenile fish
facility when the water upwells at the fish separator. Research conducted by the National Marine
Fisheries Service (NMFS) and University of Idaho researchers have identified the pressurized
pipe as the most stressful part for fish within the bypass system. Therefore, when the juvenile
fish facilities were upgraded at Little Goose (1989), Lower Monumental (1991), and Ice Harbor
(1995) Dams, non-pressurized flumes were constructed to get fish from the collection
channel/gallery to the fish collection/handling facilities.

Fish collection/handling facilities

Fish arriving at the juvenile fish facilities by pipe or flume are separated from adult fish and
debris by a wet separator. Juvenile fish swim down through bars spaced so that adult fish and
debris are passed over the end and back to the river. The juvenile fish exit the separator via a
flume where several samples per hour are diverted into a sample handling tank. Most (usually
around 97 percent of the annual collection) are either loaded directly into a barge or are passed to
holding ponds or raceways where they are held until being loaded into a truck or barge. The
sampled fish are anesthetized, and handled by state fishery agency biologists to obtain species
composition, size, weight, mark, descaling, injury, and mortality data necessary for operation of
the transportation program. At Little Goose and Lower Monumental Dams, the separator
separates smaller salmon from larger steelhead. These fish are then handled and transported
separately. At Ice Harbor Dam where fish are not transported, a sample of fish is diverted to
obtain fish species and composition information, but the majority of fish are bypassed directly to
the tailrace below the dam.

Transportation

Collection at Lower Granite Dam starts March 25 per the 1998 Biological Opinion, and a few
days later at Little Goose and Lower Monumental Dams. One or two 13.2-m’ (3500-gallon) fish
tanker trucks operate from each dam. Fishery agency criteria require that fish cannot be held
more than 48 hours once collected at the dams, nor can transport to the release site below
Bonneville Dam take more than 48 hours. Per fish agency barging criteria of 60 kilogram/m’ (%
pound per gallon), up to 794 kilograms (1,750 pounds) of fish can be transported in a fish tanker.
At 22 fish per kilogram (10 fish per pound), a truck could haul up to 17,500 fish. Early in the
season, daily collection at Lower Granite Dam is very low (less than 100 fish per day). As the
spring begins, the fish begin to migrate. By the second week of April, fish collection may reach
20,000 fish per day. Fish are trucked from all three dams with fish being released at a facility on
Bradford Island at Bonneville Dam.
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Figure 2. Fish Transportation Truck

A typical truck trip takes about 8 hours from Lower Granite to Bonneville Dam (slightly less time
from the other dams that are further downstream). When counts reach about 20,000 fish per day
at Lower Granite Dam, barging begins. When barging starts, fish are loaded at Lower Granite,
then the barge stops at Little Goose, and Lower Monumental Dams to pick up more fish. Thirty
to 40 hours after leaving Lower Granite Dam, the fish are released from the barge below
Bonneville Dam. Eight barges are used: two 326 m’ (86,000 gallon) barges holding 10,400
kilograms (23,000 pounds) of fish, two 379 m® (100,000 gallon) barges holding 22,700 kilograms
(50,000 pounds) of fish, and four 568 m® (150,000 gallon) holding 34,000 kilograms (75,000
pounds) of fish. When spill is not excessive, barges may be moored at the Lower Granite and
Little Goose facilities, and fish are loaded into the barges without passing through the raceways.
This eliminates the stress of loading from the raceways. Early in the season, a barge leaves
Lower Granite every other day. As collection numbers approach 100,000 fish per day, barging is
increased to every day. Except during the peak of the migration, barges are not fully loaded.
With a record peak of 893,100 fish in one day at Lower Granite Dam, barge capacity can be
exceeded. In that case, fish must be bypassed back to the river to avoid exceeding holding
criteria. Transportation peaked in 1990 when over 22 million fish were collected and over 21
million were transported. Since then, numbers transported have declined because wild and
hatchery production have fluctuated, spring transport from McNary Dam has been curtailed, and
the fishery agencies and tribes have imposed a spread-the-risk policy that uses spill to keep more
fish in the river. Currently, the goal is to transport half of the Snake River salmon and steelhead.
About 15 million fish are collected and about 13 million fish are transported.
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Figure 3. Elements of a typical Juvenile Fish Collection Facility

Upgrading fish collection/transportation facilities at Lower Granite

As mentioned above, juvenile fish facilities were upgraded through the CRSMP . Upgrading the
Lower Granite facility was postponed in response to a request by the Columbia Basin Fish and
Wildlife Authority until the Feasibility decision is made in 1999. The rationale for postponement
was that the current facility provides high survival (99.5+percent), and the cost of replacing the
facility to eliminate known stress problems might be lost if a decision is made to breach the dam.
Therefore, if the decision is to continue current operations, replacing this facility would be an
element of that action. The Corps had completed a Decision Document, dated August 1995, for a
new facility at Lower Granite Dam. According to that document, upgrading the Lower Granite
Juvenile Fish Facility would include:

e Replacing the thirty-six (36) 254-millimeter (10-inch) orifices from the bulkhead slots to the
juvenile fish collection gallery with thirty-six (36) 305-millimeter (12-inch) orifices. Each
orifice would be equipped with an air operated knife valve, and an air back-flush system for
dislodging debris. The valves would be automated and controlled with a programmable logic
control computer so they could be cycled to prevent clogging.

e Mine the gallery to a 2.7-meter (9-foot) width so orifice flow would not strike the far wall.
The gallery is currently 1.8 meters (6 feet) wide.

e Mine an exit channel from the dam out to daylight and install a non-pressurized flume system
to the fish collection facility. Install a dewatering system to reduce the flow from 7.08 m’/sec
(250 cfs) to 1.70 m’/sec (60 cfs), similar to the design at Little Goose Dam and route the
excess water to the adult fish collection facility.
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o Install a size separator to separate small (primarily salmon) from larger (primarily steelhead)
smolts so smaller and larger smolts can be transported in separate truck or barge
compartments.

e Upgrade raceways and distribution flume systems at the collection facility.

e Upgrade direct barge loading facilities.

Additional barges

The existing conditions include providing additional barges and facilities to allow direct loading
at collector dams. A reconnaissance level report completed in 1996 recommended that a total of
five 34,000-kilogram (75,000-pound) capacity barges would be needed to allow direct loading at
all times at Lower Granite Dam. Four 22,700-kilogram (50,000-pound) capacity barges would be
required at Little Goose Dam, three at Lower Monumental Dam, and two at McNary Dam if
spring transport resumed. Since that study was conducted, turn-around time for the towboats has
improved. Currently, a total of four 34,000-kilogram (75,000-pound) capacity barges at Lower
Granite, four 22,700-kilogram (50,000-pound) barges at Little Goose, three 22,700-kilogram
(50,000-pound) barges at Lower Monumental, and two at McNary are required for maximizing
direct loading. Four 34,000-kilogram (75,000 pound barges), two 22,700-kilogram (50,000-
pound) barges, and two 10,400-kilogram (23,000 pound) barges are currently available. The
10,400-kilogram (23,000-pound) barges need to be replaced. The hulls are over 50 years old, and
the metal is too thin for continued safe use. Therefore, seven additional 22,700-kilogram (50,000
pound) barges would be required to replace the two retired barges and to provide the necessary
barges for direct loading at all collector dams. If current transport criteria continued, five barges
would be needed because there would not be spring transport from McNary Dam. The addition
of these extra barges would require the expansion of barge storage facilities at Lower Granite
Dam, or at other locations selected by the Corps.

Figure 4. Fish Transportation Barge
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Modifying Fish Separators

In accordance with the 1995 Biological Opinion, studies are underway to improve fish separators.
The improved separators would provide for separation of the fish by species at a relatively high
water velocity within the fish flumes instead of separation at a lower velocity in a separation tank,
as is the current practice. The improved separators would reduce fish stress, delay, and mortality.
Also, the separators would be more effective at separating fish. The new separators would be
installed at Little Goose and Lower Monumental Dams and included in an upgrade of the Lower
Granite Juvenile Fish facility.

New Cylindrical Dewatering Screens

Design studies are also planned for improving the dewatering systems for the juvenile fish
collection system. A cylindrical dewatering screen design is under consideration that may be an
improvement over existing stationary screen designs. A cylindrical dewatering system would
provide a more effective method of monitoring plugging of the screens and removing trash. This
reduces fish mortality. The cylindrical dewatering screens would be installed at Little Goose,
Lower Monumental and Ice Harbor Dams and included in an upgrade of the Lower Granite
Juvenile Fish facility.

New Trash Shear Boom

At Little Goose Dam, a large amount of debris has blocked the orifices at the collection gallery,
and significant fish losses have occurred within just a few hours. Therefore, a new debris shear
boom is scheduled to be installed in the forebay of Little Goose Dam to capture more of the
debris before it can get to the orifices.

Improvements to the ESBSs

It is planned to modify the ESBSs at Lower Granite and Little Goose to improve their operability
and longevity. One modification is to reduce vibration that causes steel fatigue cracking. Also,
underwater mechanical equipment must be sealed better to prevent water intrusion. The
mechanical equipment is required for operation of the screen cleaners.
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Figure 5. An ESBS

Anadromous Fish Evaluation Program (AFEP)

The AFEP program provides continued monitoring of fish behavior and stress levels. The
monitoring is especially important when there are additions or modifications to the juvenile fish
collection/bypass system or changes to project operations.

4. Operating Reservoirs at Minimum
Operating Pool (MOP)

The concept of drawing down reservoirs to increase water velocity and decrease the travel time of
juvenile salmon emerged in the late 1980s. The fishery agencies and tribes asked to have the
Snake River reservoirs operated in the bottom 0.305 meter (1 foot) of the operating range. The
reservoirs have a 0.91-meter (3-foot) or 1.52-meter (5-foot) normal operating range, although
Lower Granite Reservoir can be drawn down approximately 6 meters (20 feet) if a major flood
flow threatens to overtop the levees at the confluence of the Clearwater and Snake rivers in the
Lewiston/Clarkston area. With the listing of the Snake River salmon in 1991 and 1992, NMFS
required operation of the lower Snake River reservoirs at MOP during the juvenile salmon
outmigration. Theoretically, the slight decrease in migration time resulting from this operation
increases the survival of inriver migrants, although there has never been any definitive research to
prove this theory.
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5. Operating Turbines within 1 percent of
Peak Efficiency

In 1981, based on model studies of turbine efficiency, researchers proposed that operating
turbines within 1 percent of peak efficiency would maximize survival of juvenile salmon passing
through the turbines (Bell, 1981). Since the mid-1980s, the Corps has made every effort to
operate turbines within 1 percent of peak efficiency range. With the listing of the Snake River
salmon, the NMFS made this a requirement. Research prior to this operational change typically
showed about 15 percent mortality to juvenile salmon from passage through turbines (Bell, 1986).
Since the change in operation, numerous studies have shown turbine mortality to be less than 7
percent (Normandeau Associates, 1992, 1994, 1996). This change in operation has the potential
of increasing survival of fish passing through the eight dam system by almost 20 percent.

6. Spill for Juvenile Fish Passage

Spilling water over the spillways at lower Snake and Columbia river dams to bypass fish around
the turbines was proposed by the fishery agencies in the 1980s. The premise is that the spillways
at 98 percent survival are safer than the turbines at 85 percent survival (the old regionally
accepted value). However, spill causes gas supersaturation in the water, a condition that is
harmful and can be fatal to the fish. Also, when spill occurs, fish that could be collected and
transported around a series of dams are bypassed downstream to the next reservoir and whatever
dams are left to pass. Contrary to popular thought, spilling of water does not speed downstream
fish migration because water not spilled would be passed through the turbines. The total
downstream flow rate would always be the same. Analysis of the existing data indicates that by
keeping fish inriver, they are subjected to additional reservoir and dam mortality that could be
avoided by collecting and transporting them around the dams and reservoirs. On the other side of
the issue, there are many who believe the transportation process is stressful and causes additional
direct or delayed mortality to the transported fish. The fishery agencies and tribes have adopted a
spread-the-risk policy that attempts to keep half the fish in-river and allows half to be transported.
This is the policy currently being followed as a result of NMFS incorporating the spread-the-risk
policy in the 1995 and 1998 Biological Opinions. At collector dams, the percentage of fish
collected is controlled by spilling water up to the adjusted total dissolved gas cap administered by
the states of Oregon and Washington. The standard of 110 percent has been waived to 115
percent in the forebay and 120 percent average in the tailrace of each Dam. With better
monitoring systems being developed in the past couple of years, the amount of spill has been
increased since the 1995 Biological Opinion, and the Supplemental Biological Opinion requires
spill to the gas cap, not specified levels as were used in the 1995 Biological Opinion. Increasing
the percentage of spill has decreased the percentage of fish collected by the juvenile fish bypass
systems. Currently, the NMFS and CBFWA are requesting that spill be utilized to keep at least
half of the Snake River outmigration in the river. As part of the Feasibility Study, the Corps has
been studying Surface Bypass Technology at Lower Granite Dam since 1996. This has been
done for the major system improvements pathway, so it is not part of the existing condition
pathway. However, it is mentioned here because it has been instrumental in bypassing fish over
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the spillway, decreasing the percentage of fish transported from Lower Granite Dam, and
increasing the numbers being bypassed to Little Goose and Lower Monumental Dams.

7. Flow Augmentation

The original Fish and Wildlife Program of the Northwest Power Planning Council included in a
Water Budget, an amount of upstream storage to be controlled by the fishery agencies and tribes
to simulate the natural spring freshet for the juvenile salmon outmigration (NPPC, 1984). The
Fish Passage Center was established to manage the water budget that included 2,020 million
cubic meters (1.64 million-acre feet) in the Snake River Basin. Since that time, the fishery
agencies have been using and shaping flows in the Snake and Columbia rivers to aid the salmon
outmigration. The 1995 Biological Opinion called for the use of an addition 527 million cubic
meters (427,000-acre feet) from upstream storage in Idaho. The 1998 BO calls for studies to
increase that amount, perhaps by another 1,200 million cubic meters (1.0 million-acre feet).
Although there has been considerable controversy over the value of flow augmentation, it has
been adopted by the NMFS as a requirement in the Biological Opinions.

8. Completion of Gas Abatement Measures

When gas supersaturation emerged as a major threat to the survival of the Snake and Columbia
river salmon runs in the late 1960s, a major effort was made to modify the Corps dams to reduce
the problem. Measures taken were: 1) completion and use of upstream storage to minimize spill,
2) installation of turbines in skeleton bays at the lower Snake and Columbia river dams, and 3)
installation of spillway deflectors in the spillbays at the lower Snake and Columbia river dams.
Lower Granite Dam was under construction at the time. Spillway deflectors were installed in all
eight spillbays. Deflectors were installed in six of eight bays at Little Goose and Lower
Monumental Dams. Studies by fishery agency experts indicated that deflectors should not be
added in the end bays because plunging flows from these bays were necessary to confine the
skating flow created by the deflectors. Spillway deflectors were not recommended at Ice Harbor
Dam because of concerns over adult fish passage, and because it was only a few miles to low
supersaturated waters in the Columbia River coming from the free flowing Hanford Reach.
Deflectors were installed in 18 of 22 spillbays at McNary Dam with the two end bays on either
end retained to provide plunging flow for adult fish as described above. Similarly, 14 of 18
spillbays were equipped with deflectors at Bonneville Dam. John Day and The Dalles Dams had
the largest generating capacities in the system, so more water could pass through turbines, and
deflectors were not considered necessary. Since that time, spill policy has changed. Before, spill
was minimized to prevent gas supersaturation. Later, it was decided to spill up to a level of 120
percent gas supersaturation to keep fish inriver for the spread-the-risk policy. Also, gas capability
has improved significantly since the 1970s, and knowledge about the effects of spill and gas
supersaturation has increased a great deal. Consequently, the fishery agencies and NMFS have
required more spill, and want more gas control so more spill can be used. As a result, in 1996
and 1997, spillway deflectors were added to eight of 10 spillbays at Ice Harbor Dam, and to all 20
spillbays at John Day Dam. At the Dalles Dam, the spillway is configured such that deflectors
are not considered necessary, although recent studies have shown that the required 64 percent
spill there may be causing higher fish mortality. As required by the 1995 and 1998 Biological
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Opinions, studies are continuing to evaluate installation of spillway deflectors in bays where they
have not been installed. Other measures such as raising stilling basins and installing alternate
methods of passing water are under consideration. The existing condition assumes that additional
deflectors, modifications to existing spillway deflectors, and pier wall extensions will be added at
Lower Granite, Little Goose, and Lower Monumental Dams. Additional deflectors and a pier
extension are currently being added at Ice Harbor. These improvements are expected to further
reduce gas levels in the river.

Typical Cross Section Spillway Deflector

Spillway
Deflector

Figure 6. Typical Spillway Deflector

9. Monitoring and Controlling Dissolved Gas
Levels

As stated above, the technology of monitoring dissolved gas levels has greatly advanced in the
past 30 years. Sensing equipment has been greatly improved, and a network of stations has been
established above and below each major dam, and at major points of interest throughout the
Federal Columbia River Power System. Remote sites have been linked through satellite and
phone communication systems. Real-time monitoring of the effects of spill at nearly all locations
is a reality. As a result, the Fish Passage Center (who are charged with monitoring dam
operations for the fishery agencies and tribes) and the NMFS have immediate access to gas
supersaturation information throughout the system. As a result, dam operations are closely
controlled to maximize spill to the 120 percent state standards throughout the juvenile salmon
outmigration. Control is implemented through the Technical Management Team that was
established by the 1995 Biological Opinion.

10. Fish Hatcheries for Dam Mitigation

The Lower Snake River Fish and Wildlife Compensation Plan was authorized to mitigate for fish
and wildlife losses caused by construction and operation of the four lower Snake River Dams.
Based on 15 percent mortality per dam (cumulative mortality of 47 percent), hatcheries were
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sized to produce about 28 million juvenile spring, summer, and fall chinook salmon, and
steelhead trout.
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Figure 7. Lower Snake River Fish and Wildlife Compensation Plan Hatcheries

Eleven hatcheries were modified or constructed along with a number of collection facilities for
gathering adults and acclimation ponds for acclimating juveniles to water sources where they
would return as adults. In all, over $200 million in hatchery facilities were constructed. As
specified in the Compensation Plan, these facilities are operated by the state fishery agencies or
US Fish and Wildlife Service (USFWS). Recently, additional facilities have been constructed
and are operated by the Nez Perce and Confederated Tribes of the Umatilla Indian Reservation.
Dworshak National Fish Hatchery was constructed to compensate for steelhead and resident fish
losses associated with the construction of Dworshak Dam. Dworshak hatchery was later
modified to include chinook production under the Lower Snake River Fish and Wildlife
Compensation Plan. Although hatchery compensation for coho and sockeye were not included in
the Lower Snake River Fish and Wildlife Compensation Plan, subsequent Endangered Species
Act listing of the sockeye has resulted in a captive broodstock program that is funded by the
Bonneville Power Administration. Also, the Nez Perce Tribe has been transporting coho from the
lower Columbia River to the Clearwater Basin in an attempt to re-establish runs of these salmon.
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11. Modifications to Hydropower Turbines

New Turbine Cams

The cams that control the turbine blades and wicket gates may be modified to increase the
hydraulic efficiency of the turbines with ESBS in place. The increased hydraulic efficiency of the
turbines will likely reduce fish mortality for those juvenile fish passing through the turbines. The
existing condition assumes the modified cams would be added to all turbines at all projects.

New Turbine runners

Studies are currently underway to develop turbine runners that reduce fish stress and mortality for
those juvenile fish passing through the turbines. It is assumed for the existing condition that these
turbine runners would only be incorporated into turbines requiring future major rehabilitation. It
is also assumed for the existing condition that eventually all turbine runners at each of the four
lower Snake River dams will require rehabilitation and, therefore, new fish friendlier turbine
runners. Also, other structural changes in the vicinity of the turbine runners may be found to
improve hydraulic flow conditions for the fish and may be incorporated into a major
rehabilitation of the turbines.

12. Other Project Operations

The continued operation of the dams under the existing condition scenario includes many non-
fish related expenses. For purposes of developing an economic analysis, a 100-year life is
assumed for each of the lower Snake River facilities. It is assumed that in addition to routine
operation and maintenance costs that additional costs would result from the eventual replacement
or rehabilitation of major dam features. A list of those features is provided below. These features
apply to each of the four lower Snake River facilities.

Major Rehabilitation of the turbines and generators

Re-roofing of the powerhouses

Replacement of the extended submersible bar screens and vertical bar screens
Replacement of the spillway gates

Replacement of navigation lock gates, timber bumpers, and valves
Replacement of fish ladder pumps

Rehabilitation of roads adjacent to the projects

13. Operation and Maintenance Costs

The continued operation of all features of the Lower Snake River facilities, whether they exist or
are proposed under the existing condition, will have operation and maintenance (O&M)
requirements. Existing operations include navigation, hydropower, recreation, wildlife
mitigation, river dredging, adult and juvenile fish migration, and miscellaneous dam operations.
The O&M costs are included in the cost estimate annex.
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14. Installation Costs for New or Modified
Project Features

The cost for planning, design, and construction of each new or modified project feature assumed
for the existing condition is included in the cost estimate annex.

15. Implementation Schedule

The assumed date for midpoint of construction and the construction duration for each task is
included with the cost estimate annex.

16. Anadromous Fish Evaluation Program

16.1 Biological Evaluations

16.1.1 Biological Research Coordination

Biological evaluations conducted for anadromous fish go through a process of research
development, review, and regional coordination. This process is facilitated by the Northwestern
Division’s Anadromous Fish Evaluation Program (AFEP). Representatives from federal, state,
and tribal fish agencies participate in the AFEP process through two technical work groups; the
Fish Facility Design Review Work Group and the Study Review Work Group (SRWG).

The purpose of the Fish Facility Design Review Work Group is to provide a technical review
process for the development of new or modified structures that affect fish passage, specifically
for anadromous salmon and steelhead trout of the Snake and Columbia basins, including
engineering designs, construction activities, and pre- and post-construction evaluations. This
review ensures that the best biological information available is incorporated into the structure’s
design criteria.

The SRWG is focused on providing study development and a review process for research
proposals that ensures the objectives of the studies meet the goals of the region, and that the
study's experimental design and scientific assumptions are technically sound. Results from these
evaluations are incorporated into the operation or the design of new structures to enhance fish
passage around hydro-projects.

Both of these technical working groups are comprised of multi-agency participants from the
Division and District offices of the Corps, NMFS, USFWS, U.S Geological Survey — Biological
Resources Division, Bonneville Power Administration, Oregon Department of Fish and Wildlife,
Washington Department of Fish and Wildlife, Idaho Department of Fish and Game, and tribal
representation through the Columbia River Inter-Tribal Fish Commission. Together these
technical working groups combine the engineering and biological components to develop the
goals and objectives of each sub-program under the Columbia River Fish Mitigation Program for
beneficial fish passage on the Snake River.
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16.1.2 Pre- and Post- Construction/Implementation Evaluations

All work, regardless of its origin (construction or operation), that has the potential to impact
salmon as they pass through the hydroprojects on the Snake River is evaluated. The biological
evaluations for this type of work are conducted in three phases: problem verification; pre-
construction/operation development; and post-construction/operation performance confirmation.
In general, the phases that biological evaluations go through reflect the phases of engineering and
operation design development that will ultimately lead to the final product.

The detail and extent of biological evaluations in the first phase can vary depending on the extent
of information available about the problem. Usual investigations in the first phase of evaluations
are those that identify or confirm the known or suspected problem to fish passage, survival, or
injury. In cases when the work being conducted is for non-fish purposes a biological component
to the evaluations may not be necessary. Under these conditions the first phase of evaluations
may be entirely devoted to design or operation investigations.

Biological investigations in the second phase of evaluations are usually closely related with the
engineering and design improvements, and development of experimental operation conditions.
The ultimate goal of these evaluations is to provide information that supports the selection and
implementation decisions of new or modified structures and operations for the benefit of fish
passage, condition and survival.

The final phase of biological evaluations includes studies to verify that new or modified structure
for fish passage or changes to project operations perform as designed and planned, and also, that
these changes do not impact fish passage, condition, and survival. Results from these studies
often lead to further refinement of the design or to operations specific to the unique condition
found at each hydro-project.

16.1.3 Duration of Biological Research

The time frame in which each phase of biological evaluation is conducted is dependent on the
objectives. The average duration for a biological evaluation can be estimated based on typical
past evaluations. The first evaluation phase, problem identification, usually requires less than two
years to conduct and is highly dependent on the nature of the problem being assessed. Pre-
construction biological investigations in the second phase of evaluations are closely linked to the
engineering and operational development. Often, during the course of the engineering and
biological investigations, problems arise that require further investigations. Work in the second
phase evaluation usually takes three or more years to resolve. Examples of studies taking more
than three years to complete the pre-construction evaluations are those for the extended screens,
surface bypass/collection, debris management, and juvenile fish facility improvements.

The post-construction phase of evaluation occurs following implementation of full project
improvement or construction (such as the juvenile fish facilities). When the new designs or
operations perform as expected based on the prototype tests or when these changes have no
negative impact to fish passage, condition, or survival, these confirmation evaluations usually
require no more than two years to complete. However, due to the uniqueness of various aspects
of each hydro-project, there is usually clean up work that may extend post-construction
evaluations past the usual two years. The project differences may result in the start of new
biological and engineering investigations at the second phase of pre-construction evaluations.
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Following major hydro-project construction, improvements, or major operational changes a
project survival study is conducted for approximately three sequential years (the duration of these
studies is designed to reduce the chance of a poor fish outmigration masking the benefits of the
expected project improvement or performance). These types of studies identify the benefits or
impacts that have been provided to fish passage efficiencies, and direct and indirect survival by
the hydro-project improvement. When a series of major improvements are planned at one hydro-
project the subsequent survival studies are consolidated into one study to reduce costs. It should
be noted that the regional fishery agencies do not usually support years of delay between major
hydro-project changes/improvements and a project survival study. Therefore, multiple project
studies for one project may be scheduled when more than five years occurs between major hydro-
project improvements.

16.2 Types of Biological Evaluations

Although biological evaluations cannot be predicted for every condition or unforeseen problems
in the future, the objective of the work can be generically identified. The broad category of
studies for evaluation of modifications to existing systems and for major system improvements
and can be broken down into the following groups.

e Studies that evaluate passage performance of a structure (compared to the expected
performance of specific project operations or structures based on the designs or modeling
results). For each of these types of studies there will be a passage component that compares
the relative passage rates to the various passage routes available at the hydro-project. There
may be various experimental configurations or operation patterns in which the passage
performances are compared for each juvenile chinook salmon and steelhead trout.

e Studies that determine the injury and direct impact (i.e. descaling) to juvenile fish condition.
This includes evaluations of direct and indirect mortality influenced by passage through or
near new structures or passage structures. Included in these types of studies are the
evaluations of changes to predation pressures on juvenile salmonids as a result of hydraulic
changes to the environment as a result of a new or modified structure.

e Evaluation of the impact of new or modified structures, or operations on adult upstream
passage success. Major structural or operational changes will require investigations to
determine their effects on adult passage delays and rates of adult fallback.

e Project survival studies for juvenile chinook salmon and steelhead trout are conducted
following all major hydro-project improvements.
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ANNEX B

SURFACE BYPASS AND COLLECTION SYSTEM
COMBINATIONS

LOWER SNAKE RIVER

[This annex contains a report prepared for other purposes and includes word tenses that are
outdated for this FR/EIS. This report is incorporated into Appendix E simply because of
its applicability.]
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MOP minimum operating pool
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N newtons
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NEMA National Electrical Manufacturers Association
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o&M operation and maintenance
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UL Underwriters Laboratories, Inc.
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WES U.S. Army Corps of Engineers Waterways Experiment Station
yd’ cubic yard
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Executive Summary

The Walla Walla District of the U.S. Army Corps of Engineers (Corps) operates four lock and dam
projects on the lower Snake River including Lower Granite, Little Goose, Lower Monumental, and Ice
Harbor. In response to the National Marine Fisheries Service (NMFS) 1995 Biological Opinion
concerning the operation of the federal Columbia River power system, the Corps is studying structural
alternatives to improve the downstream migration of juvenile salmon smolts through the four lower Snake
River projects. As part of that study, this report summarizes an investigation of the engineering feasibility
of installing surface bypass collector (SBC) systems to improve the efficiency of turbine bypass and fish
collection. This report is the second of two reports investigating SBC development on the lower Snake
River. It is a follow-up to the first report, Lower Granite Lock and Dam, Surface Bypass and Collection
System Options, Conceptual Design Report, which investigated a variety of SBC designs as they would
apply to Lower Granite Lock and Dam.

The Corps has been testing a prototype SBC system at Lower Granite since the spring of 1996. The basis
for this design was the highly successful surface oriented bypass system currently in use at Wells Dam on
the mid-Columbia River. In 1998, additional components were added to the prototype to gather more
information about the factors which could optimize a surface collection approach to effective bypass.
Based on the results of this testing, and the engineering feasibility and cost information compiled in the
first report, SBC system combinations were developed for investigation in this report. Each system
combination includes a bypass and/or collection facility located at each of the four projects which are
designed to work together toward achieving a system-wide migration goal. These goals include
maximizing the effectiveness of fish transportation, maximizing inriver migration, and an adaptive
migration strategy which allows for transportation or inriver migration.

The purpose of this report is to investigate, from an engineering perspective, each of the system
combinations developed for review. The investigation includes discussions of alternatives for achieving
the design goals; engineering feasibility assessment for the chosen alternatives; criteria and requirements
concerning hydraulic, structural, mechanical and electrical design; discussions of construction and
operation and maintenance (O&M) issues; and conceptual level cost estimates for engineering design,
construction and annual O&M. The following are brief descriptions of each of the system combinations:

Maximizing Effectiveness of Fish Transportation

System Combination 1: In System Combination 1, migrating juvenile salmon would be collected at the
three upstream projects and transported downstream using barges and trucks. The goal of System
Combination 1, maximizing the number of fish collected for transporting, would be accomplished by
constructing full length powerhouse SBC channels at each of the three upstream projects. The channels
would contain dewatering screens to concentrate the fish in a small enough flow so that they could be
delivered into the existing juvenile bypass galleries inside each dam. The turbine intakes behind the
channels would be outfitted with extended length submerged bar screen (ESBS) diversion systems which
would also divert fish into the existing juvenile bypass galleries. At Lower Granite and Little Goose
these ESBS diversion systems are already present and functioning. At Lower Monumental the existing
submerged traveling screen (STS) diversion system would need to be removed and replaced with a new
ESBS system. Ultimately, fish collected by both the SBC channels and the ESBS diversion systems
would be combined and delivered to the transportation facilities and either trucked or barged downstream.
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At Ice Harbor, the most downstream of the four projects, the existing STS diversion system would be
replaced with a new ESBS system, but no new SBC channel or other modifications would be added. This
reduced approach at Ice Harbor is based on the fact that no migrating fish are added to the river between
Lower Monumental and Ice Harbor, and with the collection enhancements described at the three upstream
projects there should be very few inriver migrating fish approaching Ice Harbor.

System Combination 1A: System Combination 1A also emphasizes the continued and enhanced use of
the fish transportation facilities. However, the goal in this combination is to construct enhanced
collection facilities for the existing transportation infrastructure at a significantly reduced initial and
operational cost, relative to System Combination 1. To facilitate this approach, the same SBC channel
facilities described for System Combination 1 at Lower Granite would be constructed. At the remaining
three projects, downstream of Lower Granite, only ESBS intake diversion systems would be used. The
basis for this strategy is that the majority of juvenile salmon coming down the Snake River are coming
from above Lower Granite. If the combined SBC and ESBS systems to be utilized at Lower Granite
function as effectively as anticipated, there would be few migrating fish left in the river below Lower
Granite and construction of large, expensive SBC systems could not be justified. System Combination
1A also could serve as a prudent first-build approach to achieving a system based on maximizing
effectiveness of the transportation infrastructure. It would allow for operation of a production SBC
channel at Lower Granite to assess the benefits of installing similar systems at Little Goose and Lower
Monumental, and provide valuable information which could be used to optimize the design of any
subsequent SBC channels.

Emphasis on Inriver Passage

System Combination 2: The migration strategy for System Combination 2 is to focus on effective
diversion of the fish away from the turbines while emphasizing inriver migration, and de-emphasizing
transportation. For this combination, all four projects would be outfitted with full length powerhouse
SBC channels. However, these channels would not include dewatering screens and the fish collected by
the channels would be passed directly downstream to the tailrace through modified spill flow. As with
System Combination 1, ESBS intake diversion systems would be used in conjunction with the channels at
all four projects. Fish diverted by the ESBS systems would continue to be directed to the juvenile
transportation facilities where a reduced transportation program could still be operated, or these fish could
be delivered directly into the tailrace at that location. As previously described, Lower Granite and Little
Goose already have ESBS systems, and these would continue to be used in conjunction with the new SBC
channels. The STS systems at Lower Monumental and Ice Harbor would be removed and replaced with
new ESBS systems.

Adaptive Migration Strategy for Transportation and Bypass
System Combination 3: This approach applies a migration strategy which allows for adaptive flexibility

between transportation and inriver migration. At Lower Granite and Lower Monumental, partial
powerhouse length SBC channels would be constructed which would allow for either direct bypass to the
tailrace or a screened flow mode which directs the fish into the existing juvenile galleries. In this way it
would combine features of the SBC channels described for System Combinations 1 and 2. Therefore, fish
collected by the SBC could be directed to transport facilities or inriver migration. To guide fish away
from in front of Units 1 through 4, a behavioral guidance structure (BGS) would be constructed in the
forebay. This BGS would include an extension to the adult fish ladder so that adult fish passing the
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project would be discharged on the upstream side of the BGS. At Little Goose, a full length powerhouse
SBC channel without dewatering, would collect and pass fish directly to the tailrace, as described for
System Combination 2. At Ice Harbor, a unique, removable, spillway SBC would be constructed at
Spillbay 1, the spillbay closest to the powerhouse. A BGS would be included in the forebay to direct fish
toward the modified spillbay and away from the powerhouse. Fish collected by the spillway SBC would
be passed directly to the tailrace via the modified spillbay. As with the other system combinations, ESBS
intake diversion systems would be used in conjunction with each of the four SBC installations.

System Combination 3A: This alternative also allows for adaptive flexibility between transportation and
in-river migration, but uses SBC components differently than System Combination 3. At Lower Granite
and Lower Monumental, partial powerhouse surface collectors would be installed to collect fish for
transportation (no in-river bypass of fish that enter these surface collectors). A BGS would be installed at
both Lower Granite and Lower Monumental to guide fish away from Turbine Units 1 through 4. The
BGS would include an extension to the fish ladder to facilitate adult fish passage. Two removable
spillway weirs would be installed at each dam to bypass fish across the spillway to the tailrace. New
ESBS would be installed at Lower Monumental to replace the traveling screens. At Little Goose, an
occlusion structure would be placed in front of the powerhouse to divert fish away from the powerhouse
towards the spillway. Also at Little Goose, two removable spillway weirs would be installed to bypass
fish across the spillway to the tailrace. At Ice Harbor, a BGS with two removable spillway weirs would
be installed to provide fish bypass across the spillway. New ESBS would be installed at Ice Harbor to
replace the existing traveling screens. Each of the dams would then have ESBSs in the turbine intakes to
be used for fish collection.

Cost estimates are provided in the report for the engineering design and construction associated with each
of the components of the system combinations. Detailed calculations supporting these estimates are
provided in the appendices. Additionally, annual operations and maintenance costs are also estimated. A
summary of the estimated costs is provided below:

Summary of Costs for System Combinations

Engineering Design Annual
System Combination and Construction O&M
1: Maximizing Effectiveness of Fish Transportation $202,102,000 $1,481,200
1A: Fish Transportation at a Reduced Cost $94,565,000 $530,600
2:  Emphasis on Inriver Passage $208,057,000 $611,900
3:  Adaptive Migration Strategy for Transportation and Bypass $243,472,000 $982,800
3A: Adaptive Migration Strategy for Transportation and Bypass $300,388,000 $693,000

It is apparent from these cost estimate summaries that the differences in initial engineering design and
construction costs for System Combinations 1, 2, and 3 are not very significant. System Combination 3A
has the largest initial engineering design and construction costs. However, the annual O&M costs do vary
significantly, with System Combination 1 being most expensive. The reduced cost of System
Combination 1A, as compared to System Combination 1, is very significant; this is true for both initial
cost and annual O&M expenses.
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1. Introduction

1.1 General

The Walla Walla District of the U.S. Army Corps of Engineers (Corps) operates four lock and dam
projects on the lower Snake River in Washington State. The most upstream of these projects is Lower
Granite Lock and Dam, located 173.0 kilometers (107.5 miles) upstream of the Snake River’s confluence
with the Columbia River. Progressing downstream from Lower Granite, the remaining three lock and
dam projects are Little Goose, Lower Monumental, and Ice Harbor. Each project includes a powerhouse
containing six turbine/generator units, a navigation lock, a multiple-bay Tainter-gate controlled spillway,
an earthen embankment, and either one or two upstream adult passage fish ladders. The turbine intakes at
each of the projects are currently fitted with intake diversion screens for diverting downstream migrating
juvenile salmon smolts from passage through the turbines. At Lower Granite and Little Goose, these
intake screens are extended length submerged bar screens (ESBS), while at Lower Monumental and Ice
Harbor the intakes include standard length submerged traveling screens (STS). Details concerning the
existing project features at each of the four projects are included in Section 3.2.

In response to the National Marine Fisheries Service (NMFS) 1995 Biological Opinion concerning the
operation of the federal Columbia River power system, the Corps is studying structural alternatives to
improve the downstream migration of juvenile salmon smolts through the four lower Snake River
projects. As part of that study, this report summarizes a feasibility investigation concerning four surface
bypass and collection (SBC) system combinations involving structural modifications at each of the
projects. Each combination applies a different fish passage approach to the river as a whole, and includes
specific modifications at each project designed to incorporate that approach.

The Corps began design of a prototype SBC system for bypassing juvenile salmon at Lower Granite in
1995. The basis for this design was the highly successful surface oriented bypass system currently in use
at Wells Dam on the mid-Columbia River. However, Wells Dam is unique in that the powerhouse is
located entirely beneath the project spillbays. Thus, all project flows (and downstream migrants) are
concentrated in the combined powerhouse/spillway area. By making convenient use of the spillbays, the
Wells bypass system creates a flow condition in the forebay which tends to guide the smolts into the
spillbays and away from the turbine intakes located directly below. In contrast, the four lower Snake
River projects are of a more conventional design with the spillbays located adjacent to the powerhouses.

To apply the SBC concept at the Lower Granite powerhouse, a large prototype channel was attached to
the upstream face of the powerhouse to act as a collector and transport conduit for the fish. The fish
collected by this prototype channel are transported to the first spillbay for discharge into the tailrace.
Construction of the prototype SBC channel was completed and testing began in 1996. Additional testing
continued through the 1997 and 1998 migration seasons. Results of the testing has been encouraging
enough to justify a feasibility level investigation of permanent production SBC systems at the four lower
Snake River projects.

The information presented in Sections 1 and 2 of this report provides an overview and discussion of
current SBC design strategies and alternatives being evaluated in the Lower Snake River Juvenile Salmon
Migration Feasibility Study (Feasibility Study). Additionally, a general discussion is presented
concerning the basic assumptions used in the layout of the system combinations and the logic behind the
specific designs incorporated into each of the combinations.
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Lower Granite Lock and Dam was used in the Corps, Walla Walla District, Lower Granite Lock and
Dam, Surface Bypass and Collection System Options, Conceptual Design Report, 1998 (SBC Conceptual
Design Report) to evaluate, from an engineering perspective, various SBC designs, costs, and schedules
as they might appear for a final system application. In this report, Surface Bypass and Collection System
Combinations, Conceptual Design Report (System Combinations CDR) versions of some of those design
options are applied at each of the lower Snake River dams to create the river system combinations
investigated. The design perspective information presented in the SBC Conceptual Design Report was
considered in conjunction with the biological results gathered from the 3 years of prototype testing at
Lower Granite to develop the system combinations with the greatest potential for successful safe fish
migration through the river. Each of the combinations has a different goal or approach to better
facilitating successful migration.

1.2 SBC Engineering Concept Reports

The SBC development is one of the major system improvement options being considered in the
Feasibility Study. Two SBC-related engineering reports have been prepared and will be used to develop
an engineering appendix to be included in the Feasibility Study report. This report is the second of the
two reports. These reports are as follows:

1. The Corps’ SBC Conceptual Design Report summarizes an investigation of the engineering
feasibility of installing various SBC systems at Lower Granite. This investigation includes reviews
and comparisons of 10 SBC options as they might apply, specifically, to Lower Granite. This
investigation has been completed and the final report was submitted in May 1998.

2. The Corps’ lower Snake River SBC System Combinations Conceptual Design Report (this report) is a
follow-up study to the SBC Conceptual Design Report. It evaluates how the different options
developed in the first report may be applied to each of the lower Snake River projects. Selection of
system components was made based on how well the different components are predicted to perform
and on fish-related, operational strategies selected for the river system.

Information from the two SBC-related engineering reports will be used in economic and performance-
related evaluations in later stages of the Feasibility Study that will be completed in 1999.

1.3 SBC Prototype Testing at Lower Granite

The Corps has been testing an SBC prototype at Lower Granite since 1996. In 1998, two major features
were added to the prototype, a Simulated Wells Intake (SWI) and a behavioral guidance structure (BGS).
The SWI was placed below the SBC prototype channel to test its ability to increase the percentage of fish
being directed into the SBC entrances. The 1,100-foot long BGS was located in the forebay upstream of
the powerhouse to test its ability to divert fish away from Units 1 through 3. (See Section 2.2.2 for
additional discussion on the results of this testing.)

Information gained by evaluating the SWI and BGS (as part of a 1998 Lower Granite SBC prototype test)
is critical in evaluating SBC technology. This technology has the potential of significantly improving fish
survival through the lower Snake River system. The immediate SBC prototype development objective
(through 1999) is to collect information on SBC performance, designs, and costs. This information will
be used as a basis for comparing SBC systems with other options for improving fish survival in the lower
Snake River in the ongoing Feasibility Study. Efforts beyond 1999 may involve design and construction
of concepts selected for implementation by regional decision makers.
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1.4 Fish Migration Strategies

Two primary strategies were evaluated in the SBC Conceptual Design Report to pass juvenile fish past
Lower Granite: 1) SBC designs that would direct fish to truck or barge transport systems with
capabilities to bypass fish directly to the tailrace in an emergency, or 2) inriver passage bypassing fish
directly to the tailrace via SBC designs including powerhouse collector channels, similar to the prototype,
and modified or existing spillbays. The first system combination reviewed in this report (System
Combination 1) utilizes the first strategy, while System Combination 1A represents a reduced-cost
version of this same strategy. System Combination 2 utilizes the second strategy emphasizing inriver
migration.

A third strategy, being investigated in this System Combinations CDR, is a “Spread the Risk” approach.
This is identified as System Combination 3: Adaptive Migration Strategy for Transportation and Bypass.
This strategy optimizes current operational objectives where both inriver and transport strategies are used
concurrently to pass fish through the projects. This system combination attempts to address concerns
about the risks and effectiveness associated with transport only and bypass only. The combined overall
strategy is to operate the different projects so that a “Spread the Risk” philosophy could be implemented
considering the river system as a whole.

Specific functional goals and design approaches for each of the system combinations are described in
Section 2.3. More detailed discussions concerning the hydraulic, structural, mechanical, electrical,
construction, and operation and maintenance issues or requirements are presented in Sections 5.0 through
8.0, along with drawings and preliminary cost estimates for the individual facilities proposed for each
project.
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2. Developmental Background

2.1 SBC Technology Overview

The SBC systems are designed to provide benign, fish-friendly, surface oriented passage systems that
juvenile fish, already distributed high in the water column, can use to safely pass a dam. Justification for
developing SBC systems relates to the following: Increasing the number of juvenile fish guided for
bypass or collection through non-turbine routes, reducing fish stress, injury, and migration delays, and
reducing high-spill levels that are associated with dissolved gas problems and lost power generation.

An example of a highly successful surface oriented bypass system currently in use is at Wells Dam on the
mid-Columbia River. The Wells Dam system (with its hydrocombine design) would be different from
any SBC system that might be developed for lower Snake River projects. However, lessons are being
learned from the surface bypass efforts at Wells Dam, as well as ongoing SBC work at other projects in
the region. How effective, and how these designs will look, would vary from project to project on the
lower Snake River.

The premise behind the SBC designs is that fish located upstream of a dam generally tend to follow bulk
flow into the project. A key assumption behind SBC systems is that, even if there are high-bulk flows
going to deep powerhouse intakes or spillway gate openings, fish tend to stay surface oriented (if given
the opportunity) and pass through a system at shallower depths. There are several factors that are
believed to influence the effectiveness of SBC systems besides bulk flow influences. The factors include
the depth of fish in the water column, flownets produced by SBC structures as they relate to turbine and
spillway hydraulics, opportunity of discovery for fish to find an SBC fishway entrance prior to using a
turbine or spillway flow passage, and SBC fishway entrance conditions (total volume, velocities,
horizontal/vertical orientations, etc.).

In the case of a powerhouse-related SBC component with fishway entrance slots (as demonstrated by
Wells Dam and by SBC prototype designs at other projects, including the Lower Granite prototype tests),
fish will enter SBC fishway entrances with different levels of success if given the option to take this
higher passage route. Changes in the 1998 Lower Granite prototype SBC structure incorporated an SWI
design. This SWI design effectively makes the SBC structure deeper and influences flow lines
approaching the SBC structure to allow fish a greater chance to discover SBC entrances prior to passing
towards the turbine intakes.

The design of the BGS-related SBC component is based on the observation that fish tend to guide along
physical structures that are generally lined up with river flow. One example of this is at Rocky Reach
Dam on the mid-Columbia River where fish follow surface flows passing by operating generating units to
congregate in a cul-de-sac at the end of the powerhouse. Another example is at Lower Granite where fish
have guided along a relatively shallow trash shear boom. The BGS prototype test design at Lower
Granite utilizes this same principle but exaggerates the differences between deep powerhouse intakes and
surface oriented guidance systems. It is believed that a combination of a general, downstream angled
flow approach in the forebay, a deep physical barrier with relatively low velocities passing beneath the
structure, and strong SBC fishway entrance surface flows at the downstream end of the BGS should
provide for passive fish movement toward the entrance.

The Corps and others in the region have been involved in accelerated programs to develop and evaluate
different variations of SBC technology for different locations. There are no established criteria for SBC
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system designs. Preliminary SBC design criteria (fishway entrance configurations, flow requirements,
number of fishway slots, structure depths and water velocities below the BGS, etc.) used as part of the
SBC Conceptual Design Report for different design options were developed by the collective judgment of
biologists and engineers (Corps and non-Corps personnel). As SBC prototype test results from different
test efforts become available, future re-evaluation and refinement of SBC designs, as presented in
Feasibility Study, will be required prior to installation of final SBC systems at the different lower Snake
River projects. Additional work, focusing on other projects besides Lower Granite, might include
activities such as baseline fish behavior data collection, hydraulic model studies, and site specific
prototype work.

2.2 Basis for Selection of System Combinations

Each of the lower Snake River system combinations described in this report consists of four individual
collection and bypass designs (one to be constructed at each of the four projects.) These designs are
combined in such a way as to achieve the overall migration strategies for the river, as discussed in Section
1.4. In the earlier SBC Conceptual Design Report, ten individual SBC design options were conceptually
developed and evaluated as they would relate to Lower Granite. Each of these SBC options was made up
of components which worked together to achieve a specific bypass strategy. A number of these
components have been tested at the Lower Granite SBC prototype to determine their biological
effectiveness, either individually or in combination with each other. Based on the information in that
report and results of the testing, four of the ten options evaluated have been furthered in this report to
create the SBC design types which together create the river system combinations. The four SBC types
include a full length powerhouse channel with dewatering (Type 1), a full length powerhouse channel
bypass without dewatering (Type 2), a shorter two-unit powerhouse channel with bypass or dewatering
capabilities (Type 3), and a modified spillway bypass (Type 4). In some instances a particular project
would not utilize any of these SBC types, but would instead utilize either existing or new ESBS intake
diversion systems only. In this section, the basis and methodology used to develop these combinations is
discussed.

2.2.1 Conclusions from the SBC Conceptual Design Report

Concepts discussed and evaluated in the SBC Conceptual Design Report consisted of a variety of both
fixed and floating systems used either alone or in combination with fish guidance devices, project
operational changes, with and without transport, etc., at Lower Granite. Biological and environmental
considerations, as well as construction, operational, cost, and schedule elements all factor into developing
realistic, surface oriented fishways. These SBC concepts are anticipated to have a high potential of
improving passage and survival of juvenile salmon migrating past Corps lower Snake and Columbia
Rivers hydroelectric projects.

A few of the SBC options utilized a BGS to guide fish to the spillway or smaller surface collectors. Also,
some of the options included a 21.3-meter (70-foot)-deep surface collector while other options included
16.7-meter (55-foot)-deep surface collectors. The report addressed the engineering feasibility,
constructability, and operational procedures for each SBC option. Also, the costs for construction,
operation, and maintenance for each SBC option are included in the report. The options were all
developed to be feasible from an engineering, construction, maintenance and operations perspective.
Costs varied between options. For instance, the construction costs for a full powerhouse deep surface
collector with dewatering were found to be about 15 percent higher than for a partial powerhouse surface
collector with a BGS ($51 million versus $44.3 million). The construction costs for the 21.3-meter (70-
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foot)-deep surface collector options were only slightly higher than the shallower 16.7-meter (55-foot)
options. For a full listing of costs, refer to the SBC Conceptual Design Report.

2.2.2 Results from 1998 Prototype Testing at Lower Granite

The goal of testing of the prototype SBC channel and BGS at Lower Granite was to establish a rational
basis for advancing, or not advancing, surface collector technology at the lower Snake River dams. There
were two primary means of measuring performance of the SBC channel and BGS in 1998 at Lower
Granite: 1) hydroacoustics, which samples thousands of fish passing the dam, but cannot distinguish
between species, and 2) radiotelemetry, which provides species-specific information on fish movement
and passage but relies on only 200 to 400 fish, a very small sample size. At this time, all results are
preliminary and subject to change as the data undergo further analysis. For the BGS, radiotelemetry
showed that for fish that would normally have passed the dam via Unit Intakes 1 through 3, 69 percent of
the hatchery chinook, 86 percent of the hatchery steelhead, and 65 percent of the wild steelhead were
diverted to the SBC, Unit Intakes 4 through 6, or the spillway. The hydroacoustic estimate of this BGS
diversion efficiency was 78 percent.

For the SBC, the best estimate of performance is probably the percentage of fish passing through the SBC
relative to those passing into the turbine intakes of Units 4 through 6, above which the SBC is located.
For radio-tagged fish, this R value was 29 percent, 49 percent, and 28 percent for chinook, hatchery
steelhead and wild steelhead, respectively. In other words, of all the radio-tagged chinook that entered
either turbines 4 through 6 or the SBC, 29 percent passed through the SBC. The hydroacoustic SBC
passage estimate was from 50 percent to 54 percent, depending on entrance configuration. The passage
efficiency for the SBC and ESBS in combination was about 90 percent for the whole powerhouse, as
measured with hydroacoustics. For the different species, the combination of ESBS and SBC at Units 4
through 6 was 83 percent, 98 percent, and 87 percent for chinook, hatchery and wild steelhead,
respectively. All SBC passage indices increased substantially from previous test seasons, sometimes
doubling or tripling, presumably because of the addition of the SWIL

Although the BGS diverted a high percentage of fish away from the south half of the powerhouse, many
of these diverted fish apparently did not enter the SBC, but rather passed into Turbine Intakes 4 through 6,
or over the spillway. The BGS only slightly increased the percentage of total fish passing through the
SBC. If testing and development of surface bypass concepts continue, entrance configurations and
conditions will be a focal point to attract more of these fish into the SBC.

2.2.3 System Combination Selection Process

The SBC options contained in the SBC Conceptual Design Report for Lower Granite were then compared
to one another to determine the best transportation and bypass options for future consideration at other
lower Snake River facilities. The goal was to develop several rational SBC systems to be further
investigated. Several meetings were held by Corps biologists and engineers to discuss what SBC options
should be used for development of the SBC system combinations. The Corps coordinated with regional
specialists to achieve a consensus on the SBC system combinations to be studied. Because there is no
current wide spread regional agreement on whether transporting the juvenile fish is better or worse than
keeping the fish in river, it was decided to develop several system combinations. One SBC system
combination will be investigated which keeps fish inriver, two which utilize a fish-friendly transportation
system (one at a significantly reduced cost), and a yet another system combination which allows for both
fish-friendly transportation or inriver bypass.

\\Bellevue\Wpros\WP\1346\Appendices\FEIS\E - Major Sys Imp\CamRdy\Annexes\Annex B\AnnexB.doc

E-B-7



Appendix E

The first SBC combination emphasizing fish collection and transportation utilizes surface collectors at
Lower Granite, Little Goose, and Lower Monumental Dams in an effort to maximize use of surface
collection and existing transportation. Ice Harbor currently has fish bypass facilities with no
transportation capability. Since most fish would likely be collected for transport upstream of Ice Harbor,
it was decided to assume only a new ESBS system at Ice Harbor to collect fish for inriver bypass via the
juvenile fish facility.

The second SBC combination emphasizing transportation utilizes surface collection only at Lower
Granite Dam. No new surface collectors or inriver bypass measures are assumed for Little Goose, Lower
Monumental, and Ice Harbor Dams. Fish not collected at Lower Granite, including those that enter the
Snake River further downstream, would not be collected with any surface collector. Instead, they would
either bypass the dam and not be available for collection and transportation, or be collected for transport
via ESBS systems extending in front of the turbine entrances. This SBC combination was selected for
study because it represents a much less expensive alternative to the previously described SBC
combination, although it may not be as effective at collecting fish.

One alternative was selected for investigation in this report representing an inriver bypass strategy. This
SBC combination utilizes surface collectors at all four dams to guide the fish over a modified spillbay.
This alternative was selected for study because it represents an effective method for keeping the fish
inriver by guiding them to a more fish friendly spillbay at each dam.

Another SBC combination allowing for optimized transportation or inriver bypass is the Adaptive
Migration Strategy alternative. This SBC combination utilizes a surface collector at Lower Granite Dam
which provides either collection or inriver bypass opportunities. A surface collector allowing for inriver
bypass only is used at Little Goose because no fish enter the Snake river between Lower Granite and
Little Goose Dams. A surface collector allowing either collection or inriver bypass is again included at
Lower Monumental Dam to primarily collect fish entering the river between Little Goose and Lower
Monumental dams from the Tucannon River and Lyons Ferry Hatchery. A BGS leading to a modified
spillbay is used at Ice Harbor since there are no fish transportation facilities there. This SBC combination
was selected for study because it represents an effective method to either bypass or transport fish. This
alternative allows for the most flexibility in selecting fish passage strategies after implementation. SBC
systems which utilize a BGS were included to demonstrate how a BGS might be used as part of an SBC
system combination.

New ESBS systems at Ice Harbor and Lower Monumental are assumed for each SBC combination
because they are more effective than the existing submerged traveling screens at guiding fish away from
the turbines and to the existing juvenile fish facilities.

The preliminary data from the SBC prototype testing indicated that the Simulated Wells Intake and ESBS
worked well together to achieve a high collection rate. Because of this, 21.3-meter (70-foot)-deep surface
collectors were selected over 16.7-meter (55-foot)-deep surface collectors for further consideration at
Lower Granite, Little Goose, and Lower Monumental. At Ice Harbor, the forebay depth is considerably
shallower and the powerhouse structure is configured such that a 16.7-meter (55-foot)-deep surface
collector would appear more appropriate for working together with the ESBS. Use of ESBS intake
diversion screen systems is assumed for each SBC type at each project for each system combination.

The performance data for the BGS were inconclusive at the time of development of the SBC
combinations. Also, as described above, the cost for a deep full powerhouse surface collector with
dewatering was only about 15 percent higher than for a deep partial powerhouse surface collector with
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dewatering and a BGS. Also, it was felt that if a full powerhouse surface collector were feasible, then a
partial powerhouse surface collector with a BGS could likely be developed. The reason for this is that the
most challenging aspect of development of a full powerhouse SBC is the large scale dewatering, assumed
to be about 170 cubic meters per second (m’/s) (6,000 cubic feet per second [cfs]). A partial powerhouse
surface collector would have much less dewatering, approximately 56.6 m’/s (2,000 cfs). Also,
development of a BGS was found in the SBC Conceptual Design Report to be feasible. For the reasons
stated above, it was felt that a reasonable choice for the bypass and transport SBC system combinations
would include full powerhouse surface collectors. If it is later found that the BGS testing is indeed
successful, then it is likely that less expensive partial powerhouse surface collectors with BGSs could be
developed in lieu of full powerhouse surface collectors to collect fish for transportation. Also, the BGSs
could be used in lieu of full powerhouse surface collectors to guide fish directly to a spillbay for bypass.
However, concern was raised regarding the complete exclusion of BGSs from the System Combinations
CDR. It was agreed that it was inappropriate to exclude consideration of this emerging technology prior
to the completion of prototype testing. In fact, prototype testing may yet show the BGS to be very
effective at guiding fish. Consequently, it was decided to include BGSs in the Adaptive Migration
Strategy System Combination. That way, BGS technical and cost issues may be included in the report.

The SBC Conceptual Design Report for Lower Granite included a dewatering system for a full
powerhouse surface collector utilizing “conventional” dewatering criteria (Option 1). Conventional
criteria includes a 0.12 meters per second (m/s) (0.4 feet per second [ft/s]) screen approach velocity
component, as defined by NMFS for screen applications where salmonid fry may be present. Also, the
conceptual design report includes several full and partial powerhouse surface collector options utilizing
more progressive dewatering criteria. These criteria include a higher screen approach velocity, varying
gradually between 0.36 m/s (1.2 ft/s) in the upstream portion of the dewatering channel to the NMFS
mandated 0.12 m/s (0.4 ft/s) in the downstream portion of the channel. Dewatering model testing
utilizing the progressive criteria is on-going and, so far, appears to be promising. However, more model
testing and, eventually, full size prototype testing would be required to determine the full effects on fish
from various dewatering scenarios. The conventional dewatering criteria result in a much larger and more
expensive surface collector. Also, the fish entrances are further upstream and the fish experience a longer
travel time through the surface collector. For the reasons stated above, it was decided that the surface
collectors developed for the System Combinations CDR would utilize “progressive” dewatering criteria.

Regional experts including Corps biologists and engineers compared methods of bypassing fish over the
spillway. One method included in the SBC Conceptual Design Report utilized a chute structure to guide
fish over the spillway. With the chute design, the fish would experience a high velocity free plunge from
the end of the chute into the spillway tailwater. This would be a near vertical drop off the end of the
chute, as opposed to a spillway type flow which is supported by the spillway concrete and guided into the
tailwater. This free plunge was seen as possibly being detrimental to the fish. Another method developed
in the report included raising the spillway crest. This method was seen as likely causing less fish stress
since it would discharge the fish into the tailwater in the same way the existing spillway does and would
include no free plunging water. Consequently, the inriver bypass and adaptive migration strategy SBC
system combinations contained in the System Combinations CDR will include raised or modified
spillbays.

2.3 System Combination Descriptions

Each of the system combinations is designed to apply a particular migration strategy to the river as a
whole. At each of the four projects, one of the SBC designs evaluated in the SBC Conceptual Design
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Report, and/or ESBS intake diversion systems, would be utilized to facilitate the desired strategy. Brief
descriptions of the strategy and functional approach for each combination are provided in this section.

Detailed descriptions of the proposed bypass and collection facilities for each project are provided in
Sections 5 through 8. In some cases, similar or even identical facilities would be used at a particular
project for different system combinations. In these cases, descriptions of project facilities, or
components, which have previously been described would not be repeated, rather the previous description
in another section is referenced. Therefore, much of the information, which is generic to all combinations
and designs, especially concerning structural and mechanical issues, is presented once in Section 5.

2.3.1 System Combination 1: Maximizing Effectiveness of Fish Transportation

The goal of System Combination 1 is to maximize the number of fish collected and delivered to the
existing or upgraded transportation facilities located at each project. This would be accomplished by
constructing a full length powerhouse SBC channel at each of the three upstream projects (SBC Type 1).
The channels would contain dewatering screens to concentrate the fish in a small enough flow that they
could be delivered into the existing juvenile bypass channels inside each dam. Emergency bypass
openings would also be provided to allow the collected fish to bypass the dewatering screens and pass
downstream directly through the spillway in the event there is a problem with either the dewatering
screens or the transportation facilities. The SBC channels would be used in conjunction with ESBS
located in the turbine intakes. Fish diverted by the ESBS would also be delivered into the existing
juvenile bypass channels. Ultimately, fish collected by both bypass structures would be combined and
delivered to the transportation facilities, and either trucked or barged downstream. The number of fish
continuing downstream by inriver passage through the projects (either through the turbines or spillways)
would be minimized, and would significantly reduce at each consecutive project.

The upper two projects (Lower Granite and Little Goose) currently have ESBS installed in the turbine
intakes. These would continue to be used in System Combination 1. However, the intakes at Lower
Monumental are currently outfitted with STS. These would be removed and replaced with ESBS to
increase the screen diversion efficiency, and further reduce the number of fish passing through the
turbines.

At Ice Harbor the turbine intakes are also currently outfitted with STS. As at Lower Monumental, these
would be removed and replaced with ESBS to increase the diversion efficiency of the screening system.
However, no SBC channel would be installed at Ice Harbor. If the combination of the SBC channels and
the ESBS diversion systems function as anticipated at the upper three projects, there should be so few
freely migrating fish left in the river at Ice Harbor that construction of an SBC system and a transportation
facility would not appear to be justified. This approach is further justified by the fact that no fish enter
the Snake River between Lower Monumental and Ice Harbor.

Detailed descriptions of the specific bypass and collection facilities at each project which make up
System Combination 1 are presented in Section 5.

2.3.2 System Combination 1A: Fish Transportation at a Reduced Cost

System Combination 1A also emphasizes the continued and enhanced use of the fish transportation
facilities. However, the goal in this combination is to construct enhanced collection facilities for the
existing transportation infrastructure at a significantly reduced initial and operational cost, relative to
System Combination 1. To facilitate this approach, the same collection facilities as described for System
Combination 1 at Lower Granite would be constructed (SBC Type 1). This would include the
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construction of a full-length powerhouse SBC channel to be used in conjunction with the existing ESBS
system. At the lower three projects only ESBS intake diversion systems would be used. Since ESBS
already exist at Little Goose there would be no modifications required at this project, and the existing
diversion/bypass facilities would continue to be used. At Lower Monumental and Ice Harbor the existing
STS intake diversion systems would be removed and replaced with ESBS systems, but no additional SBC
channels would be constructed to augment these systems.

The basis for this strategy is that the majority of juvenile salmon coming down the Snake River are
coming from above Lower Granite. If the combined SBC and ESBS systems to be utilized at Lower
Granite function as effectively as anticipated there would be few migrating fish left in the river below
Lower Granite, and construction of large, expensive SBC systems could not be justified. This is the same
reasoning behind utilizing only the ESBS system at Ice Harbor in System Combination 1.

If it should be decided that transportation is the migration goal for the river, System Combinations 1 and
1A actually form a transportation package which could be initiated prior to a decision on which of the two
combinations would constitute the final design. This is because everything involved in Combination 1A
would be required in Combination 1. In fact, the most prudent way to install Combination 1 would be to
install Combination 1A first and test the production SBC/ESBS collection facility at Lower Granite to
ensure its efficiency, and potentially work any unanticipated bugs out of the SBC channel design. If after
testing of Combination 1A it is decided that Combination 1 would be justified, all that would be required
is to construct Type 1 SBC channels at Little Goose and Lower Monumental, with the advantage of
experience at Lower Granite to guide a more efficient design for the subsequent SBC channels.

Detailed descriptions of the specific bypass and collection facilities at each project which make up
System Combination 1A are presented in Section 6.

2.3.3 System Combination 2: Emphasis on Inriver Passage

The migration strategy for System Combination 2 is to focus on effective diversion of the fish away from
the turbines while emphasizing inriver migration, and de-emphasizing transportation. For this
combination, all four projects would be outfitted with a full length powerhouse SBC channel. However,
these channels would not include dewatering screens and the fish would be passed directly downstream to
the tailrace through modified spill flow (SBC Type 2). To maximize effective diversion away from the
turbines, ESBS intake diversion systems would be used in conjunction with the channels at all four
projects (as described for the SBC installations in Combination 1). Fish diverted by the ESBS systems
would continue to be directed to the juvenile transportation facilities where a reduced transportation
program could still be operated, or these fish could be delivered directly into the tailrace at that location.

As previously described, Lower Granite and Little Goose already have ESBS systems, and these would
continue to be used in conjunction with the new SBC channels. The STS systems at Lower Monumental
and Ice Harbor would be removed and replaced with new ESBS systems.

Detailed descriptions of the specific bypass and collection facilities at each project which make up
System Combination 2 are presented in Section 7.

2.3.4 System Combination 3: Adaptive Migration Strategy for Transportation and
Bypass

System Combination 3 applies a migration strategy which allows for adaptive flexibility between
transportation and inriver migration. At Lower Granite and Lower Monumental, partial powerhouse
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length SBC channels would be constructed at Turbine Units 5 and 6 (SBC Type 3). These two-unit SBC
channels would have two side-by-side entrances. One entrance would pass the fish through a dewatering
section so that they could be delivered into the existing juvenile bypass channel, and ultimately to the
transportation facilities, similar to the SBC channels in System Combination 1. The other entrance would
not contain dewatering screens and would pass the fish directly to the tailrace through modified spill flow,
similar to the SBC channels in System Combination 2. Therefore, fish collected by the SBC could be
directed to transport or inriver migration. To guide fish away from in front of Units 1 through 4, a BGS
would be constructed in the forebay.

As with the other system combinations, ESBS intake diversion systems would be used in conjunction
with these two-unit SBC channels. At Lower Granite the existing ESBS would be used, whereas at
Lower Monumental there would need to be new ESBS. The ESBS would be located in turbine intakes at
all six units, including Units 1 through 4 to offer a bypass for those fish which may pass around or under
the BGS.

At Little Goose, a full length powerhouse SBC channel without dewatering, would collect and pass fish
directly to the tailrace (SBC Type 2). This is the same system as described for Little Goose in System
Combination 2, and would utilize the existing ESBS intake diversion systems in all unit intakes.

At Ice Harbor, a spillway SBC would be constructed at Spillbay 1 (SBC Type 4), the spillbay closest to
the powerhouse. The spillway SBC would consist of a removable raised ogee crest to be placed between
the upstream portions of the spillbay piers spanning the entire spillbay width with the downstream
remainder of the spillbay to remain at its existing elevation. A BGS would be included in the forebay to
direct fish toward the modified spillbay and away from the powerhouse. Fish collected by the spillway
SBC would be passed directly to the tailrace via the modified spillbay. New ESBS intake diversion
screens would be incorporated into the turbine intakes to offer a bypass for any fish which do pass around
or under the BGS.

Detailed descriptions of the specific bypass and collection facilities at each project which make up
System Combination 3 are presented in Section 8.

Table 2.1 summarizes the SBC types at each project which make up the system combinations investigated
in this report.

Table 2.1. Summary of System Combinations

System Lower Little Lower Ice
Combination No. Granite Goose Monumental Harbor
1 — Emphasis on Type 1 Type 1 Type 1 New ESBS
transportation (screened channel)  (screened channel)  (screened channel) (intake diversion
screen system)
1A — Transportation at Type 1 Existing ESBS New ESBS New ESBS
reduced cost (screened channel)  (intake diversion (intake diversion (intake diversion
screen system) screen system) screen system)
2 — Emphasis on inriver Type 2 Type 2 Type 2 Type 2
migration (bypass channel) (bypass channel) (bypass channel) (bypass channel)
3 — Adaptive migration Type 3 Type 2 Type 3 Type 4
strategy (2-unit dual (bypass channel) (2-unit dual (removable
channel) channel) spillbay weir)
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3. Design Criteria and Project Data

3.1 General

The SBC designs used at each of the four projects to create the system combinations were first developed
and evaluated in the SBC Conceptual Design Report. One of the goals of that report was to compare the
impacts of different design criteria on the complexity and cost of resulting structures. Because there are
no production bypass systems that dewater the magnitudes of flow being considered for these SBC
designs, there was no precedent from which to establish tried and “proven” criteria. Therefore, one of the
options in the SBC Conceptual Design Report incorporated traditional fisheries and hydraulic design
parameters and conventional dewatering screen velocity criteria. These are criteria which have been
approved and utilized successfully on much smaller facilities. The constructability, operation and
maintenance (O&M) issues, and costs associated with the resulting design were compared to other
options utilizing a progressive set of fisheries and hydraulic design parameters which have been utilized
in prototype SBC facilities at other dams, and developed by engineers and biologists familiar with
fisheries requirements. In addition, these progressive criteria included higher dewatering screen velocities
which are currently being developed by the Corps and reviewed by agency personnel. For the SBC
designs making up the system combinations in this report, it is the progressive criteria which have been
utilized. These design criteria and the existing project data for the four lower Snake River projects are
listed below.

3.2 Existing Project Data

3.2.1 Snake River

Hydrologic Data:
(Based on streamflow data near Clarkston, Washington)

Mean annual river flow

Average annual peak daily flow

Minimum discharge of record (September 1958)
Maximum discharge of record (June 1894)
Spillway design flood (all four projects)

3.2.2 Lower Granite

General:
River location (from confluence with Columbia River)

Number of generating units
Output capacity (nameplate rating)
Number of spillbays

Intake diversion screen type
Number of adult fish ladders
Dimensions:

Powerhouse overall length

Unit width (Units 1 to 5)

Unit width (Unit 6)
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1,424 m*/s (50.3 thousand cfs
[kefs])

332 m’/s (188.3 kefs)

187 m*/s (6.6 kefs)

11,600 m*/s (409 kcfs)

24,100 m’/s (850 kcfs)

173.0 kilometers (km)
(107.5 miles)

6

810,000 kilowatts (kW)

8

ESBS

1

199.9 m (656 ft)
27.43m (90 ft)
29.26m (96 ft)



Erection Bay width

Spillway overall length

Spillbay center-to-center spacing

Spillbay gate width

Spillbay gate height (above spillway crest)

Elevations: (referenced to mean sea level)
Maximum pool (design flood condition)
Maximum operating pool

Minimum operating pool (MOP)
Minimum flood control pool

Top of tainter gates (closed)

Spillway crest

Maximum flood tailwater (24,100 m?/s)
Normal maximum tailwater (9,630 m’/s)
Tailwater at maximum powerhouse flow (3,680 m?/s)
Normal tailwater

Minimum tailwater (zero flow)

Intake deck

3.2.3 Little Goose

General:

River location (from confluence with Columbia River)
Number of generating units

Output capacity (nameplate rating)

Number of spillbays

Intake diversion screen type

Number of adult fish ladders

Dimensions:

Powerhouse overall length

Unit width (Units 1 to 5)

Unit width (Unit 6)

Erection Bay width

Spillway overall length

Spillbay center-to-center spacing

Spillbay gate width

Spillbay gate height (above spillway crest)

Elevations: (referenced to mean sea level)
Maximum pool (design flood condition)
Maximum operating pool

Minimum operating pool

Top of tainter gates (closed)

Spillway crest

Maximum flood tailwater (24,100 m?/s)
Maximum normal tailwater
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33.53m (110 ft)
156.1m (512 ft)
19.51 m (64 ft)
1524 m (50 ft)
17.98 m (59 ft)

227.5m (746.5 ft)
2249 m (738.0 ft)
223.4m (733.0 ft)
220.7 m (724.0 ft)
225.6 m (740.0 ft)
207.6 m (681.0 ft)
202.1 m (662.9 ft)
196.7 m (645.5 ft)
194.8 m (639.2 ft)
194.5 m (638.0 ft)
192.9 m (633.0 ft)
228.9m (751.0 ft)

113.1 km (70.3 miles)

6

810,000 kW
8

ESBS

1

199.9 m (656 ft)
27.43m (90 ft)
29.26m (96 ft)
33.53m (110 ft)
156.1 m (512 ft)
19.51 m (64 ft)
1524 m (50 ft)
17.98 m (59 ft)

197.1 m (646.5 ft)
194.5 m (638.0 ft)
192.9 m (633.0 ft)
195.1 m (640.0 ft)
177.1 m (581.0 ft)
172.0 m (564.4 ft)
164.6 m (540.0 ft)
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Minimum normal tailwater ((MOP] at Lower Monumental)

Intake deck

3.2.4 Lower Monumental

General:

River location (from confluence with Columbia River)
Number of generating units

Output capacity (nameplate rating)

Number of spillbays

Intake diversion screen type

Number of adult fish ladders

Dimensions:

Powerhouse overall length

Unit width (Units 1 to 5)

Unit width (Unit 6)

Erection Bay width

Spillway overall length

Spillbay center-to-center spacing

Spillbay gate width

Spillbay gate height (above spillway crest)

Elevations: (referenced to mean sea level)
Maximum pool (design flood condition)
Maximum operating pool

Minimum operating pool

Top of tainter gates (closed)

Spillway crest

Maximum flood tailwater (24,100 m?/s)
Maximum normal tailwater

Minimum normal tailwater (MOP at Ice Harbor)
Intake deck

3.2.5 Ice Harbor

General:

River location (from confluence with Columbia River)
Number of generating units

Output capacity (nameplate rating)

Number of spillbays

Intake diversion screen type

Number of adult fish ladders

Dimensions:

Powerhouse overall length
Unit width (Units 1 to 5)

Unit width (Unit 6)

Erection and service bay width
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163.7m (537.0 ft)
198.4m (651.0 ft)

66.9 km (41.6 miles)
6

810,000 kW

8

STS

2

199.9 m (656 ft)
27.43m (90 ft)
29.26m (96 ft)
33.53m (110 ft)
156.1 m (512 ft)
19.51 m (64 ft)
1524 m (50 ft)
17.98 m (59 ft)

167.1 m (548.3 ft)
164.6 m (540.0 ft)
163.7m (537.0 ft)
1652 m (542.0 ft)
147.2 m (483.0 ft)
141.8 m (465.1 ft)
134.1'm (440.0 ft)
133.2m (437.0 ft)
168.6 m (553.0 ft)

15.6 km (9.7 miles)
6

603,000 kW

10

STS

2

204.5m (671 ft)
2621 m (86 ft)
28.04m (92 ft)
4542 m (149 ft)
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Spillway overall length 182.9 m (600 ft)
Spillbay center-to-center spacing 18.29 m (60 ft)
Spillbay gate width 15.24 m (50 ft)
Spillbay gate height (above spillway crest) 15.54m (51 ft)

Elevations: (referenced to mean sea level)

Maximum pool (design flood condition) 136.1 m (446.4 ft)
Maximum operating pool 134.1 m (440.0 ft)
Minimum operating pool 133.2m (437.0 ft)
Top of tainter gates (closed) 134.7 m (442.0 ft)
Spillway crest 119.2 m (391.0 ft)
Maximum flood tailwater (24,100 m’/s) 114.0 m (374.0 ft)
Maximum normal tailwater 103.6 m (340.0 ft)
Minimum normal tailwater 102.7 m (337.0 ft)
Intake deck 138.1 m (453.0 ft)

3.3 Design Criteria

3.3.1 Fisheries and Hydraulic Criteria

Fisheries and hydraulic design criteria for juvenile fish bypass systems are interrelated. They usually
consist of allowable velocities, depths of flow, duration of exposure to dewatering screens, flow boundary
conditions, screen materials, etc. intended to provide protection to fish passing through a structure.
NMEFS has published general criteria for design of juvenile fish screening and bypass systems [1]. These
were intended to be “worst-case default criteria” to be applied throughout the region. Site-specific data
and considerations may be used to adjust the criteria. In this report, the fish bypass systems have been
developed using these criteria where they are clearly applicable. However, one exception to this is the
higher dewatering screen approach velocities applied to the upstream portions of the dewatering screens
in the SBC channel designs. Approach velocity is defined by NMFS as the component of the water
velocity which is perpendicular to the face of the screen as measured at a location approximately three
inches in front of the screen face. These “progressive” dewatering criteria were investigated in the SBC
Conceptual Design Report, and would appear to be more appropriate for the unprecedented large flows
and conduit widths present in the SBC channel designs. In some cases other criteria which have been
applied in the region were applied where the NMFS criteria do not cover a situation.

The conditions and criteria considered in the designs of the various components of the SBC fish bypass
systems include:

Behavioral Guidance Structure (BGS) Design Criteria
Flow velocity under (perpendicular to) the BGS <0.61 m/s (2.0 ft/s)

Flow velocity along (parallel to) the face of the BGS >0.61 m/s (2.0 ft/s)

The criteria presented here represent the use of “best judgment” to prevent attraction or entrainment under
the BGS. Results from the 1998 BGS prototype, and hydraulic modeling studies, would be used to
further refine these criteria prior to final design.

Surface Collection Channel
Criteria and design parameters presented here represent a best judgment approach based on results of the

prototype testing at Lower Granite, the Wells Dam juvenile bypass system, and experience at other
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projects. The criteria listed here are used consistently for the channel designs at all four projects, with the
following qualifications:

Some of the surface collection channel designs evaluated for Lower Granite, Little Goose, and Lower
Monumental include dewatering screens to facilitate delivery of the fish into the existing juvenile bypass
facilities. In each of these cases there would be ESBS intake diversion systems also contributing orifice
flow to these same bypass facilities. To prevent overloading of these facilities, the flow contribution from
the SBC channel is limited to 0.850 m’/s (30 cfs) at each of these three projects. This limitation was
defined solely for the purposes of this conceptual evaluation. During final design of SBC channels for
these projects, the actual flow capacity and ESBS contribution should be investigated for each project so
that designs can be optimized for the specific project.

The only surface collection channel being evaluated for Ice Harbor is a full-flow bypass channel being
utilized in System Combination 2. This channel would not contain dewatering screens. The depth of the
forebay at Ice Harbor is approximately 36.5 meters (120 feet), whereas at the other three projects it is
approximately 42.7 meters (140 feet). Therefore, the channel design evaluated for Ice Harbor is
shallower than for the other three projects so as to create the same projection downward in front of the
turbine intakes as at the other projects. Prior to a final design of a channel at Ice Harbor, it is suggested
that model studies be performed to investigate how far down this projection could go without negatively
impacting the turbine operations or the efficiency of the ESBS system.

Flow per SBC entrance 56.6 m’/s (2,000 cfs)
Entrance width 4.88m (16 ft)
Invert depth of entrance (Lower Granite, Little Goose,
and Lower Monumental) 21.3 m (70.0 ft)
Invert depth of entrance (Ice Harbor) 16.8 m (55.0 ft)
Minimum transport conduit width 0.61 m (2.0 ft)
Trapping velocity 22.13m/s (7 ft/s)
Floor slopes <45 degrees
Horizontal convergence slopes of solid walls < 13 degrees
Horizontal divergence slopes of solid walls < 5.0 degrees
Horizontal convergence slopes of screen faces <9.0 degrees
Screen depth [No limit]
Dewatering screen approach velocity based on effective screen area:
Upstream 1/3 of primary screen length <0.36 m/s (1.2 ft/s)
Middle 1/3 of primary screen length <0.24 m/s (0.8 ft/s)
Downstream 1/3 of primary screen length <0.12 m/s (0.4 ft/s)
Secondary screens <0.12 m/s (0.4 ft/s)
Ratio effective to gross screen area to account for structural
Members and cleaner tracks 75 percent
Total maximum flow from SBC to juvenile gallery 0.850 m’/s (30 cfs)
Centerline radius of open channel conduit bends:
Large conduits upstream of dewatering > 2 times conduit width
Small conduits downstream of dewatering > 5 times conduit width
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Time for sweeping flow to pass screen face < 60 seconds

1077 joules/s-m’

Maximum energy dissipation concentration
(22.5 ft-1b/s-ft’)

Ability to allow for emergency bypass directly to tailrace

Transport velocity constant or mildly accelerating up to trapping velocity*

* Mildly accelerating flow is defined as a flow which is not likely to cause a startle response from the
fish. An actual criterion to be used as a maximum is still in a stage of development. Rather than a true
“acceleration” which is defined as an increase in velocity at a single location over a period of time, the
parameter which is generally focused on in these types of applications is “velocity increase” defined as a
change in velocity per linear length of conduit. Where reasonably achievable, these designs keep the
velocity increase below 0.1 m/s per meter of conduit (0.1 ft/s per foot). In certain local cases, such as
immediately upstream of the tilting weirs, this limitation would likely be difficult to achieve due to the
required transition length. However, in no case should the velocity increase exceed 0.5 m/s per meter of
conduit (0.5 ft/s per foot).

Spillway SBC — Ice Harbor System Combination 3 only:

Flow per top flow spillbay at average operating pool 170 m’/s (6,000 cfs)

3.3.2 Structural Criteria

Maximum pressure differential on channel walls
Channel designs with dewatering screens

Channel designs without dewatering screens
Ice load (at top of upstream wall)

Design wind speed
Fetch length for wave development
Lower Granite
Little Goose
Lower Monumental
Ice Harbor
Load rejection pressure (on downstream wall)
Yield strength of steel pipe

Yield strength of structural steel tube

Yield strength of other steel components

Existing concrete strength

New concrete strength

Yield strength of steel reinforcing bars

Bedrock acceleration from max. credible earthquake
Lower Granite, Little Goose, Lower Monumental
Ice Harbor
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14.9 kilopascal (kPa)
(312 pound per square foot [psf])
8.96 kPa (187 psf)
73.0 kilonewtons (kN)/m
(5 kips/ft)
113 km/hr (70 mph)

3.21 km (2.0 miles)

10.5 km (6.5 miles)

5.63 km (3.5 miles)

2.41 km (1.5 miles)

2.99 kPa (62.4 psf)

290 megapascals (MPa)
(42 kip per square inch [ksi])

317 MPa (46 ksi)

345 MPa (50 ksi)

20.7 MPa (3.0 ksi)

27.6 MPa (4.0 ksi)

414 MPa (60 ksi)

0.10 gravitational acceleration (g)
038¢g
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The maximum pressure differential on the channel walls for the SBC channels with dewatering screens is
based on a maximum water surface differential from the outside to the inside of the channel of 1.52
meters (5.0 feet). This is assumed to be a conservative value to be used as a design maximum for
structural purposes and does not represent a normal operating differential. This value is based on the
high-head dewatering screen design and the potentially coarse flow adjustment characteristics of the
Tainter gate. Design of the high-head dewatering screens and the advantages of this design are discussed
in Section 5.1.1. Since the screens are not included in the designs without dewatering (SBC Type 2), the
maximum pressure differential used for design of these channels is reduced to 0.914 meter (3.0 feet).

Structures are to be designed for wave loading based on the Corps’ Shore Protection Manual [2] with the
assumption that the design wind is sustained for a length of time adequate to fully develop the available
fetch lengths as listed above. This results in a wave heights and lengths as shown below:

Project Wave Height Wave Length
Lower Granite 0.88 m (2.9 ft) 13 m (43 ft)
Little Goose 1.62 m (5.3 ft) 28 m (93 ft)
Lower Monumental 1.19m (3.9 ft) 20 m (65 ft)
Ice Harbor 0.79 m (2.6 ft) 11 m (36 ft)

Detailed calculations of the design waves and load distributions on the structures are provided in
Attachment A.

Load rejection pressure is based on actual load rejection tests performed at Lower Granite, and is assumed
to be similar for all four projects.

For earthquake design, the horizontal bedrock acceleration is applied to large monolithic structures
attached to the bedrock, such as the dam, and any large components attached directly to the dam. Other
structures could have greater or lesser seismic loads applied to them depending on their design which
would be determined through the use of the Uniform Building Code (UBC). The water confined within
the channel and the spillway extension structure (SES) is treated as a solid mass with an associated
inertial force resulting from a horizontal acceleration equal to the bedrock acceleration. A review of the
likely actual loads resulting from this water sloshing (convective loading) during an earthquake revealed
that the solid mass assumption is slightly conservative for structures with depth to width ratios of those
found in these structures.

Structural designs shall be in accordance with the following references:
Shore Protection Manual [2]

Strength Design for Reinforced-Concrete Hydraulic Structures [3]
Design of Hydraulic Steel Structures [4]

Gravity Dam Design [5]

Seismic Design for Buildings [6]

American Concrete Institute (ACI)

American Institute of Steel Construction (AISC)

UBC
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3.3.3 Mechanical Criteria

Mechanical designs shall be in accordance with the following references:

American Gear Manufacturers Association (AGMA)

American National Standards Institute (ANSI)—Safety Standards for Overhead Cranes

American Society of Mechanical Engineers (ASME)

Department of Defense Federal Specification

Department of Labor Code of Federal Regulations - Occupational Safety and Health
Administration Standards

National Fluid Power Association

Washington Administrative Code - General Safety and Health Standards

3.3.4 Electrical Criteria

Electrical and control design for electrical components shall be in accordance with the 1996 National
Electrical Code (NEC), National Electrical Manufacturers Association (NEMA) and applicable Institute
of Electrical and Electronics Engineering (IEEE) and ANSI standards.

Panelboards NEMA (PB1)

Programmable Logic Controllers (PLC) NEMA (ICS 2)

Transformers, fused switches, switchboards ANSI (C37.121)

Conduit Underwriters Laboratories, Inc. (UL)
Listed (UL-6)

Motors, operators NEMA (ICS 6, WC-7, WC-8, MG1)

Wiring devices, luminaires UL Approved
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4. Methodology

4.1 Design

The system combinations evaluated in this report incorporate surface bypass and/or collection facilities to
be constructed at each of the four lower Snake River projects. These facilities are designed to work in
combination with each other to achieve a desired migration strategy for the river as a whole. The
individual facilities to be located at the projects are referred to in this report as SBC Types (SBC Types 1
through 4). Each of the designs involves the interaction of a number of components. The goal of the
designs is to incorporate these components in such a way as to efficiently and effectively guide juvenile
fish from the forebay and deliver them safely to a desired location downstream of the dam, while ensuring
that the structural and hydraulic requirements of the dam are not compromised.

To accomplish this goal, experience with the design of SBC juvenile fish passage facilities at other
projects in the region was utilized to develop designs based on the best information currently available.
The approach was to develop conceptual designs which meet the most current criteria for fish passage
structures and which could be constructed given appropriate final design and financing. As this report is a
feasibility level study and not a final design memorandum, the designs were not developed through to the
stage of final design. Therefore, the descriptions and drawings presented do not include details required
for construction such as member sizing, detailing of equipment requirements, or other detail design
features. Hydraulic analysis was limited to calculations of gross flow cross-sectional areas, velocities,
screen areas, and estimates of head losses, etc. Detailed analyses of head losses and water surface profiles
were not performed, unless noted.

The conceptual design analysis performed for each SBC Type design included, but was not necessarily
limited to, the following items:

e description of the interaction between each component and how the design is intended to guide
fish and transport them to a desired location downstream

e methods for discharging and controlling the excess channel flow
e ability to maintain flood discharge capability at the spillway

e suggested methods of support for each component while accounting for the stability requirements
of the existing dam structures

e discussion of the constructability and construction concerns

e hydraulic issues to consider for additional study and/or modeling

e operation and maintenance concerns including screen cleaning and debris removal
e cstimate of the probable construction duration

e estimate of the probable construction cost

e estimate of the anticipated annual operations and maintenance cost.
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Many of the issues which must be addressed during the design, construction and operation of the SBC
systems presented in this report are typical to most (or all) of the designs. This is especially true for
structural, mechanical and maintenance issues. Typically, a number of alternatives for solving a
particular problem common to many of the designs were investigated before choosing a design approach.
Where applicable, this approach is subsequently applied throughout the entire report. Examples of this
are the attachment of large heavy objects to the dams without compromising the stability of the structures;
effective methods for keeping the dewatering screens clean; and long-term corrosion protection for
permanently submerged objects. Descriptions of the alternatives investigated and design decisions in
cases such as these are given in Section 5.1 for the Lower Granite Type 1 design and should be assumed
to be applied to all other designs in this report, unless stated otherwise.

4.2 Cost Estimates and Construction Durations

Construction Cost Estimates

Since these are conceptual level designs, developed without a high degree of design detail, the probable
construction cost estimates were developed from estimated unit costs derived from the actual construction
costs of similar facilities (including the existing Lower Granite prototypes), vendor input for large
components, standard industry cost guides [7], and in the case of the ESBS (turbine intake screen)
systems actual costs from construction of similar systems at other dams. This method was used since
adequate detail is not included in these designs to perform a detailed cost estimate based on exact material
quantity and fabrication/installation labor expenses. Separate cost estimates have been prepared for each
project within each of the system combinations and are presented in spreadsheet format in the system
combination descriptions. A combined total estimate for each system combination is included at the end
of each system combination section. The development of the unit costs and an accounting of quantities
shown in the estimates are included in Attachment A.

Because fully developed production SBC systems like those presented in this report do not exist, and
because these designs are conceptual in nature, a construction contingency of 25 percent has been added
to all cost estimates. Additionally, a 15 percent design cost has been included in each estimate as part of
the 22.5 percent planning and engineering line item. Other costs associated with the planning and
engineering cost include project management and value engineering studies. A construction management
cost of 12.5 percent is also added to each cost estimate. Finally, a single line item of $1 million has been
added to each system combination total estimate to cover feasibility studies (including, for example, the
cost of this study and the SBC Conceptual Design Report done previously).

Given the untested nature of some of these design concepts, a significant level of hydraulic modeling
and/or prototyping may be required before final implementation of any of these designs. However, as
with the construction costs, adequate detail concerning the actual modeling or prototyping needs cannot
be developed at this stage of design to accurately estimate these costs individually for each SBC type.
Although adequate funding should exist within the assumed design costs to cover the expenses of some of
the smaller modeling requirements, especially where an existing model can be utilized, costs for large
extensive modeling and prototyping requirements are not included in these estimates. To assist in future
decisions concerning modeling and/or prototyping, recommendations are made in the report concerning
areas where hydraulic and prototyping investigations may be warranted.
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Operations and Maintenance Costs

Development of annual operations and maintenance costs is similarly constrained by the absence of
detail, typical at a conceptual design level. For this reason, O&M costs were estimated based on
percentages of construction costs (excluding planning, design, construction management, and the
contractor’s mobilization and O&P costs). Due to their relatively higher maintenance requirements,
O&M costs for mechanical and electrical systems such as gates, screen cleaners, cranes, hoisting
equipment, and controls, etc., were assigned an annual cost equal to 6 percent of their construction cost.
These costs include the annualized cost of periodic replacement or rehabilitation of components.

Structural elements such as floating channels, internal conduits, removable screen panels, behavioral
guidance structures, SESs, etc., were assigned an annual O&M cost equal to 1/2 percent of their
construction cost and typically reflect periodic inspection, refurbishing and other maintenance activities.
Because the proposed corrosion protection system for large submerged items is a thermal spray system
which is expected to exhibit an excellent service life (as much as 50 years), the maintenance of most of
the structural steel is anticipated to be primarily an inspection activity to confirm the integrity of the
structure. It is assumed that inspection of these items would be performed mostly by divers. A cost of
$3,000 per day was assigned to an inspection dive team resulting, for example, in a three-week inspection
of underwater components costing an estimated $45,000.

Separate O&M cost estimates have been prepared for each project within each system combination and
are presented along with the system combination descriptions in the report. As with the construction cost
estimates, individual project O&M cost estimates are totaled at the end of the system combination section
to provide an O&M estimate for the combination as a whole. Cost calculations for O&M are presented in
Attachment A. O&M costs associated with the operation of the ESBS intake diversion screens, either
existing or new, and costs associated with the operation of existing juvenile facilities downstream of the
ESBS (including actual transportation costs) are not included. Since these costs are existing system costs
it was decided that they should not be included as part of the SBC O&M cost. Review of maintenance
records revealed that O&M costs associated with the existing STS diversion systems at Ice Harbor and
Lower Monumental were similar to costs associated with the ESBS systems at Little Goose and Lower
Granite. Therefore, changing out the existing STS with new ESBS should not result in a significant
change in the diversion screen O&M costs at these two projects. Juvenile facilities and transportation
costs should be included for a true comparison of O&M costs for each system combination, but are
beyond the scope of this report. When assessing an estimate for these costs it should be understood that
the different system combinations utilize transportation and existing transportation facilities to varying
degrees, and at differing locations. For example, in the case of System Combination 1, which relies most
heavily on transportation, it will not be known in advance to what extent transportation facilities will be
utilized at each project. If the Type 1 SBC system at Lower Granite is very efficient at collecting fish, a
very large percentage of the total number of migrating fish could be removed from inriver migration at
this location, resulting in very small (if any) transportation costs at Little Goose or Lower Monumental.

Construction Durations

A similar approach using experience with the development of existing prototype facilities was used in the
development of construction duration estimates. Estimated durations are identified in the text of the
report along with other construction issues for each design type.
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4.3 Hydraulic Modeling Issues

Final development of any of these options, or any combination of the components into a new design,
would require some level of hydraulic analyses and modeling. There are a number of specific areas
where it is anticipated that model studies would assist in addressing hydraulic design issues. These areas
are grouped as follows (Note that the design components referenced in this list are described in detail in
Sections 5 through 8):

Forebay and Approach Flow

1. Zone of influence of collector entrances versus collector flows and locations and plant operations
2. BGS alignment, velocities, and loading during normal operations
3. BGS velocities, loading, and movement during spill and load rejection

Turbine Intake
4. SBC impact on turbine performance

5. SBC impact on intake diversion screen (ESBS) hydraulics and potential FGE impact
6. VBS performance and influence of flow rates and turbulence intensities on gate well hydraulics

Surface Bypass Channel

7. Conduit alignments and geometry

8. Primary screen porosity design

9. Secondary screen porosity design

10. Gallery connection hydraulics

11. Emergency bypass mode operations hydraulics for Type 1 SBC
12. Hydraulic loads during normal operation and load rejection

Spillbay Modifications

13. SES design details

14. Removable spillway weir (RSW) design details

15. Elevated ogee design details

16. Spillway gate rating during normal operations and flood passage

17. Downstream conditions for juvenile and adult migration

18. Effectiveness of the existing spillway deflector under new flow conditions

Depending on the site, many of these issues can be addressed using and modifying existing hydraulic
models at the Corps Waterways Experiment Station (WES) and the turbine model in Austria. However,
additional models may be required to address site specific details. Required models and their suggested
modeling scales are listed here:

Approximate Scale

A. Turbine Model 1:12
B. Single Turbine Intake Model 1:12
C. SBC Model 1:15
D. Spillway Sectional Model 1:20
E. Powerhouse Sectional Model 1:25
F. Forebay Model 1:40
G. Spillway Sectional Model 1:55
H. General Model 1:70
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To assist in the planning stages for further development, a matrix relating hydraulic design issues to the
various design components and the appropriate modeling tool for resolving each issue is provided in
Table 4.1.

4.4 Prototype Studies and Baseline Data Collection Issues

Suggested prototype and baseline data collection studies are identified in this report as the specific design
features and issues are discussed. However, detailed study plans with time and cost estimates have not
been included. The primary design feature which could benefit from a prototype investigation is
dewatering. The engineering issues that could be addressed by prototype dewatering screen tests are:

1. Progressive Velocity Screen Criteria—Hydraulic modeling efforts which have been conducted are
showing that design of screens that comply with the progressive velocity criteria is possible. There
are, however performance uncertainties including establishing appropriate transport velocities,
exposure times, determining fouling characteristics, and generally documenting fish response; which
should be evaluated through prototype studies. Exposure time and consequently screen length in the
direction of flow is a key parameter. The prototype test facility should represent the full length of the
SBC Types 1| and 3 primary screens. It would not be necessary to include the full screen depth. Fish
species, life stage, size, and condition; and debris type and concentration are also key parameters that
should be correctly represented in the prototype evaluation. As a consequence, conducting the
prototype tests at one of the proposed sites would be appropriate.

2. Screen Cleaning—Cleaning technologies for the deep vertical screen panels are largely unproven
(with the exception of traveling screen technology), particularly in a strong sweeping velocity field.
The proposed cleaning devices should be evaluated on the actual screen material with representative
approach and transport velocities, and debris loading. The screen test panels should extend the full
proposed depth. Performance features evaluated might include cleaning effectiveness, cleaning head
stability in the crossing flow, workability of the drive mechanism, and potential for debris removal at
the cleaner. The last feature is important in addressing the cleaner’s ability to reduce debris loading
in transport conduits and at the juvenile facilities downstream. Influence of bar screen orientation
(vertical or horizontal bars) on fouling and cleaning could also be considered. Because of the
importance of correctly representing debris type and concentration, these tests would best be
conducted at one of the proposed sites.

3. Debris Characterization—Screen fouling and cleaning is potentially the single largest maintenance
issue associated with dewatering. Fouling and cleaning characteristics are strongly dependent on
debris type and concentration. Both to select appropriate screen material and cleaner designs, and to
allow extension of the prototype results to other sites, debris types and concentrations should be well
documented. Prototype studies would be most informative if performed at the site with the highest
potential for debris accumulation. This would likely be Lower Granite, since it is the most upstream
site, however, Lower Monumental has been reported to have unique debris problems associated with
wheat straw entering the system from the Palouse and Tucannon Rivers. The influences of the trash
racks on the screen debris loading should also be estimated.

These studies might best be accommodated in a prototype of a complete primary screen module.
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Appendix E

5. System Combination 1—Maximizing
Effectiveness of Fish Transportation

The goal of System Combination 1 is to maximize the number of fish collected and delivered to the
existing transportation facilities located at each project. This would be accomplished by constructing a
full length powerhouse SBC channel at each of the three upstream projects (Lower Granite, Little Goose,
and Lower Monumental). This design is referred to as SBC Type 1. The channels would contain
dewatering screens to concentrate the fish in a small enough flow so that they could be delivered into the
existing juvenile bypass channels inside each dam. The SBC channels would be used in conjunction with
ESBS located in the turbine intakes. Fish diverted by the ESBS would also be delivered into the existing
juvenile bypass channels. Ultimately, fish collected by both bypass structures would be combined and
delivered to the transportation facilities, and either trucked or barged downstream. The number of fish
continuing downstream by inriver passage through the projects (either through the turbines or spillways)
would be minimized, and would be significantly reduced at each consecutive project.

The upper two projects (Lower Granite and Little Goose) currently have ESBS systems installed in the
turbine intakes. These would continue to be used in System Combination 1. However, the intakes at
Lower Monumental are currently outfitted with STS. These would be removed and replaced with ESBS
to increase the screen diversion efficiency, and further reduce the number of fish passing through the
turbines.

At Ice Harbor the turbine intakes are also currently outfitted with an STS system. As at Lower
Monumental, these would be removed and replaced with an ESBS system to increase the diversion
efficiency of the screening system. However, no SBC channel would be installed at Ice Harbor. If the
combination of the SBC channels and the ESBS diversion systems function as anticipated at the upper
three projects, there should be so few freely migrating fish left in the river at Ice Harbor that construction
of an SBC system and a transportation facility would not appear to be justified.

Detailed descriptions of the specific bypass and collection facilities at each project which make up
System Combination 1 are presented in the following text. In some cases issues or designs described for
the facilities in System Combination 1 are the same for other designs throughout this report. In these
cases, the discussions in this section will be referenced in later sections, as applicable.

5.1 Lower Granite: Full Powerhouse SBC (with Existing ESBS) — SBC
Type 1
The design goal of SBC Type 1 is to provide a surface collector channel across the face of the entire
powerhouse designed to attract fish away from the turbine intakes and deliver them to the existing
juvenile fish bypass gallery inside the dam where they would be transported downstream to the juvenile
facilities. The concept is based on the bypass system at Wells Dam on the mid-Columbia River, and on
prototype testing performed at Lower Granite since 1996. The design allows for the channel to be used in
conjunction with the existing ESBS intake diversion screens. Adequate dewatering of the fish-bearing
transport flow is provided in the channel so that the fish entering the SBC can be delivered to the existing
juvenile fish gallery inside the dam, where they would be combined with the fish diverted by the intake
diversion screens. The gallery is designed to deliver the fish to the fish-handling and transport/release
facilities downstream. In addition, in case there is a problem with the dewatering portion of the channel,
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the design will allow for emergency bypass of the fish collected by the channel directly to the tailrace via
a Spillbay.

The application of the SBC Type 1 design to Lower Granite includes a floating collector channel which
spans across the entire upstream face of the powerhouse intake structure. Plans and details of this design
are provided on Plates 1.1.1 through 1.1.6, in Section 5.6. The channel extends from the north end of the
central non-overflow section (south edge of Spillbay 1) to a location about 16.8 meters (55 feet) south of
the erection bay (see Plate 1.1.2). This southern portion of the channel accommodates the secondary
dewatering screen section. At this position, the southern end of the channel extends in front of the
existing adult fish ladder exit. At Lower Granite there is an adult fish ladder exit chute that is used when
the forebay is below elevation 223.4 meters (733 feet). During the final design of a Type 1 SBC, a review
of this chute will need to be performed to determine if the chute needs to be modified or replaced to
accommodate the channel and its support structure bracing. During operation within the normal operating
pool range, it is felt that the channel is far enough upstream of the fish ladder exit as not to present an
obstacle to the passage of adult fish upstream into the forebay. Additionally, this section of channel is
only 10.7 meters (35 feet) deep, or half as deep as the main channel section, which will further minimize
any potential blockage problem.

Three vertical entrances into the channel are located along the upstream wall of the channel. The
entrances are located near the unit joints between Units 1 and 2, 3 and 4, and 5 and 6. In this text, each
entrance is identified by the unit numbers near which it is located (e.g., Entrance 1/2 is the entrance near
the joint between Units 1 and 2). Flow into each entrance is 56.6 m®/s (2,000 cfs) for a total combined
SBC attraction flow of 170 m’/s (6,000 cfs). Each entrance is outfitted with a full-height semi-circular
trash rack with a vertical bar spacing of 0.305 meter (1.0 foot). Although the semi-circular trash rack may
be more complicated to clean than a flat rack, the rounded rack is assumed to have advantages from a fish
behavior perspective. These issues are discussed in Sections 5.1.1 and 5.1.3.

Fish enter the channel through one of the three entrances, each of which are 4.88 meters (16 feet) wide.
The floor of the channel coincides with the bottom of the entrances located 21.3 meters (70 feet) below
the forebay water surface. Each entrance is associated with a transport conduit which includes a primary
dewatering section. The primary dewatering is accomplished independently for the flow entering each of
the three entrances. After passing through the primary dewatering screen section, the remaining flow in
the three individual conduits is progressively combined into a single conduit leading to a common
secondary dewatering screen section. The secondary screening reduces the combined flow, which
contains the fish from all three entrances, to a level which can be added to the existing juvenile gallery,
approximately 0.85 m’/s (30 cfs).

Bulkhead panels are provided which can be slid down into the flow path both upstream and downstream
of each of the three primary dewatering sections to shut off the flow to the primary screens. Emergency
bypass doors are located in each conduit upstream of the bulkhead guides to allow for direct bypass of
fish and flow to the tailrace when the bulkheads are installed. This approach allows for the flow through a
single entrance to be bypassed directly to the tailrace in the event the screening section requires
maintenance without impacting the hydraulics of the flow through the remaining entrances. In addition,
this design offers increased operational flexibility in that the flow through an individual conduit can be
shut off during periods of low river flow when all units are not operating. In the event that the existing
juvenile facilities require maintenance or downtime, the flow through all three entrances can be bypassed
directly to the tailrace by placing the upstream bulkheads in all three conduits and opening the emergency
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bypass doors. Specific details concerning the hydraulics and dimensional layout of the SBC Type 1
system, are defined in Section 5.1.1.

After all dewatering is accomplished, the remaining transport flow is delivered with the fish to a location
at the south non-overflow section of the dam and above the existing south auxiliary water port of the
juvenile fish gallery system. The transport conduit in the channel is outfitted with a tilting weir control
structure so that the final transport flow can be maintained at 0.85 m®/s (30 cfs). This adjustable weir
would also be capable of rising to an elevation above the water surface to facilitate its use as a shut-off
gate for the conduit downstream of the dewatering sections. Flow over the control weir spills into a
stationary channel attached to the dam which delivers the flow into the juvenile gallery inside the dam
(see Plate 1.1.4). An opening will be excavated above the existing auxiliary water port in the erection bay
wall to accommodate the channel and to allow the 0.85 m’/s (30 cfs) transport flow to pass as an open
channel flow into the existing downwell portion of the gallery. This opening will also house a surface
skimming cleaner to remove any floating debris which accumulates in the downwell area. Once in the
juvenile fish gallery, the fish are transported downstream via existing fish piping to the fish handling
facilities for eventual transport or release into the tailrace. The existing (modified) auxiliary water port
below the opening provides make-up water to the gallery. A new slide gate is installed over the existing
port to replace the control gate which will be removed with the existing caisson.

The screened discharge from the four channel dewatering screen sections (three primary and one
secondary) passes through the screens into the main portion of the floating channel, which forms a
common discharge channel. This screened flow travels north to a SES attached to the upstream face of the
Spillbay 1 piers (see Plate 1.1.5). The SES forms a well upstream of Spillbay 1 so that the Tainter gate
can be used to regulate and pass the SBC screened flow. The SES is a concrete filled steel shell forming
two walls and a floor bolted to the upstream face of Spillbay 1. The upstream end of the structure is
closed off by means of removable steel stop logs. This design allows for removal of the stop logs so that
the full spillway flood discharge capability of Spillbay 1 can be maintained. With the maximum flood of
record being less than half the combined discharge capacity of eight spillbays, it is anticipated that this
procedure would be required extremely infrequently. However, if this were to be necessary, one
additional step would be to install a closure panel over the opening between the channel and the SES to
hydraulically separate the two structures. This would be required to prevent the large spill flow passing
through the SES from creating a dangerously large head differential between the forebay and the inside of
the channel.

The presence of the SES at Spillbay 1, and the attachment of the channel to the SES, will necessitate the
relocation of the downstream end of the existing trash shear boom. This is depicted on Plate 1.1.1. Since
the trash boom will then be located directly upstream of some of the spillbays, the design of the boom and
anchorage system will need to be reviewed and possibly modified to assure adequate strength and
flexibility for this new position in the event of a design flood discharge. It may be necessary to remove
the section of the boom upstream from the spillway prior to major spill events.

Because the channel is floating and the SES is stationary, the connection between these two components
will need to allow for relative vertical motion between the structures. This is also true of the connection
between the fish transport conduit and the short stationary channel attached above the auxiliary water port
at the south end of the channel.

The turbine intakes at Lower Granite are currently outfitted with ESBS. These intake diversion screens

will be used in conjunction with the SBC to divert and collect fish which may pass below the SBC
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channel and into the turbine intakes. The ESBS are 12.2 meters (40 feet) long and located in the upper
portion of the turbine intake at an angle of 55 degrees up from vertical. In this way, the screens occupy
the upper two thirds of the turbine intake at a plane through the upstream tip of the screen (see Plate
1.1.3). The upstream face of the screen consists of fixed bar screen material, while the downstream face
has porosity control plates to control the flow rates and velocities along the face and through the screen.
The screens divert fish entering the upper portion of the turbine intake into the gatewell slot, where they
follow the flow up the slot and into bypass orifices. The orifices deposit the fish from the gatewells into
the juvenile gallery, where they will be combined with the fish collected by the SBC. For the purposes of
this report, at projects where ESBS systems are currently in place, like Lower Granite, only O&M related
issues related to the systems will be addressed.

During testing of the prototype SBC channel at Lower Granite there were indications that migrating fish
in the forebay upstream of the spillway were being attracted under the north end of the channel and into
the Unit 6 intake. Therefore, as part of this design a cutoff wall is included below the channel at the north
end of the powerhouse to preclude fish movement under this end of the channel directly from the spillway
area into the Unit 6 intake. The wall is a two-panel telescoping design allowing for vertical movement of
the floating channel (see Plates 3.1.3 and 3.1.4). The upper panel is attached and braced to the under side
of the channel. This panel would move up and down with the floating channel. The lower panel is
attached at its base to rock-bolted concrete footings at the bottom of the forebay. The top of the lower
panel is laterally supported by the upper panel, but is free to slide up and down relative to the upper panel
(much like the connection of an extension ladder). Structural issues related to the cutoff wall are
presented in Section 5.1.2.

5.1.1 Hydraulics

Floating Structure Issues

The hydraulic advantages of the SBC channel being a floating structure are that the invert elevations of
the flow conduits and controls, such as tilting weirs, will automatically adjust with pool elevation. As a
result, the areas of screens, flow conduit cross sections, and the flows and velocities that they define, will
remain constant as pool elevation varies. So, once the facility is started and the desired operating
conditions established, the controls will not have to be adjusted in response to pool elevation changes.

The hydraulic disadvantages of the floating structure include the complexity of the connections between
the floating channel and the fixed dam structures, and the need to provide adjustable flow control to
maintain hydraulic gradeline relative to the floating channel invert at the connections. This will occur at
two locations:

e the south end of the floating channel, where the fish transport conduit connects to the dam
through the new opening in the forebay wall, as shown on Plates 1.1.2 and 1.1.4

e the north end of the channel, where the floating channel connects to the fixed SES at Spillbay 1,
as shown on Plates 1.1.1 and 1.1.5.

The fish transport conduit passes through the float on the downstream side of the channel and attaches to
guides on the fixed steel caisson, which forms an entrance channel into the existing fish gallery. The
guides allow the floating channel to move vertically relative to the fixed caisson. The water surface level
in the caisson would be controlled from downstream at the existing gallery flow control. This movable
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connection is sealed against leakage with rubber seals in the same manner as a movable gate would be. A
small amount of leakage would be anticipated at these seals and is considered to be acceptable.

The connection of the north end of the channel to Spillbay 1 is made by attaching the channel to guides on
the SES. The SES is designed to allow Spillbay 1 to function either as a control for the SBC channel or in
its full capacity for flood discharge. Hydraulic control of the channel flow will be effected by
manipulation of the radial Tainter gate. As with the connection at the south end of the channel, this
connection could be sealed against leakage, however, small leakage into the SES would not have
significant impact on the channel flow and could be tolerated. The design of the SES and the use of the
Tainter gate for channel flow control are described later in this section.

An additional hydraulic concern with the floating channel is the fact that at the minimum flood control
pool of 221 meters (724 feet) the bottom of the channel will nominally be at elevation 199 meters (654
feet). At this elevation the channel will block slightly more than 25 percent of the turbine intake
openings. Field tests and/or modeling studies at Rocky Reach, The Dalles and Wanapum Dams, all of
which have similar large vertical Kaplan turbine units, have shown that this level of blockage should not
result in significant power loss or damage to the turbines. Moreover, this condition is not considered to
be a normal operating condition for the project and thus is of diminished concern in the overall operations
of the plant. However, prior to constructing an SBC channel as described here it would be prudent to
perform model and field studies specific to Lower Granite to confirm that this level of blockage would
not represent a problem. This concern is maximized at Lower Granite in that it is the only one of the four
projects at which the forebay pool could be drawn down (below the minimum operating pool elevation)
for flood control. Although SBC blockage of the turbine intakes is less pronounced at the other projects,
potential influences on turbine performance should be further evaluated in support of design development.

Collector Entrances

Each of the three collector entrances is 21.3 meters (70 feet) deep by 4.88 meters (16 feet) wide. The
attraction flow entering each entrance is 56.6 m’/s (2,000 cfs) at a velocity of 0.55 m/s (1.8 ft/s). A semi-
circular trash rack is provided at each entrance to preclude large entrained debris from entering the
channel where it could potentially do damage. The trash rack has a radius of 6.10 meters (20 feet) and is
centered in front of the entrance. Vertical bars are spaced at 0.305 meter (1.0 foot) on center. A semi-
circular rack was used, as opposed to a flat rack, to minimize the approach velocity at the location of the
rack and reduce hydraulic effects of the rack bars on the flow. Experience with trash racks and louver
systems has shown that if a series of bars or slats placed in a flow path create a detectable hydraulic
disturbance then fish may tend to avoid the area. With the rack bars located a considerable distance
upstream of the entrance, this disturbance should be minimized. Below the channel flotation cells there
are solid plate walls extending back at about 45 degrees from the two ends of the trash rack to the outside
of the channel wall (see Plate 1.1.4). These are included to seal off this area and to lead fish which might
be traveling along the wall toward the trash rack. The area at the bottom of the trash rack could be either
open or closed. If the area is left open there would be potential for large debris to pass up under the trash
rack and into the channel where it would need to be removed, however, it is anticipated that this would be
a somewhat rare occurrence. Closing off this area with a solid plate would prevent this problem but
would also preclude flow up through this route which could eliminate one means of attracting some of the
deeper fish up into the SBC. A final alternative might be to close the opening with a trash rack at an
adverse angle, sloping away from the structure with increasing elevation. It would not be possible to rake
this rack. However, when the entrance is not operating and no flow is being drawn up through the rack,
debris will tend to drift off of it. This would be a decision for final design.
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Immediately downstream of each entrance, the flow passes through approximately a 90-degree bend
including a centerline guide wall which helps maintain a uniform flow distribution. Use of the guide wall
yields centerline radius to conduit width ratios of about 2 and 3 for each half of the conduit through the
bend. The conduit will remain constant depth, but walls of the conduit will converge to a 2.89-meter (9.5-
foot)-width to accelerate flow to 0.92 m/s (3.0 ft/s). The acceleration combined with the low Froude
Number (0.10) will prevent flow separations (potential fish holding areas) from forming at the inside
walls of the conduit bend.

During emergency operations, fish can be bypassed directly into the flow behind the dewatering screens
to Spillbay 1 in case of screen plugging or other malfunctions. Gates for this purpose are provided in the
approach conduit walls positioned immediately upstream of the dewatering screen as shown on Plate
1.1.2. The average velocity through these doors would be about 1.8 m/s (6.0 ft/s) when they are in the
emergency bypass mode. The emergency doors are controlled with slide gates to provide an added level
of control over the flow rate. Since the head differential across the doors will control the velocity,
adjustment of the gates will control the total open area, and therefore the flow rate, to prevent the
operation of the emergency doors at one entrance from “robbing” flow from the other entrances which
might still be operating in the standard screening mode. It is anticipated that individual stacks of four
slide gates would be connected to a single operator. Guides are provided to install bulkheads both
upstream and downstream of the primary dewatering screens to prevent fish and flow from entering the
primary screen section of conduit when in the bypass mode.

The size of the channel relative to the channel flow rates is large resulting in low velocities through most
of the emergency bypass system. Prior to the flow passing under the Tainter gate, the largest velocity
would be approximately 1.22 m/s (4.0 ft/s) occurring in two locations. These locations would be where
the flow passes between the back wall and the Entrance 5/6 conduit bend and again where the flow passes
through the opening between the channel and the SES. Although the hydraulic conditions in the main
channel environment may allow for numerous locations which could represent potential holding and/or
delay areas, this is only an emergency bypass operating condition with infrequent or unlikely usage.
Therefore, for the purposes of this report the designs of the SBC channels were focused on maximizing
the favorable hydraulic conditions of the normal operating scenario. If fish passage directly to the tailrace
via the emergency bypass system is foreseen to be a more common operating scenario, a number of
modifications could be made to the design to increase the effectiveness of this system. These would
include use of internal training walls or screens within the channel to move the flow and fish more
directly to the SES and preclude fish from entering dead zones within the channel, and relocation of some
or all of the emergency bypass doors to more effectively move the fish rapidly to the SES. These
modifications would add cost or in some instances would necessitate changes to the internal fish conduit
components which could diminish the hydraulic effectiveness of the normal operating condition.
Decisions to include additions or modifications such as these would need to be made based on a cost-
benefit analysis and a weighing of the likelihood of “emergency” bypass operation.

Control of Screened Flow

Control of flow through the dewatering screens may be separated into two distinct issues:

e cstablishing a uniform distribution of flow and velocity through an individual screen section

e controlling the flow rates through different screen sections.
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Uniform distribution of flow through a screen may be achieved by any of the following methods:

e Varying the porosity of the screen over its area to compensate for small spatial variations in the
head differential available to drive flow through the screen. This approach would be required in
designs where the driving mechanism for the flow is only capable of producing relatively small
head differentials, such as a turbine driven venturi. Disadvantages of this type of design are its
susceptibility to velocity hot spots and the potential for significant variations in the flow rate in
response to temporal variations in the driving head differential.

e Controlling the head differential by compartmentalizing the area downstream from the screen into
small sub areas, each with its own discharge control, such as a weir or control gate. This type of
design offers greater control over the flow distribution through the screen, but involves greater
cost and control maintenance complexity. It also requires a greater head differential to drive flow
through both the screen and the control device.

e Uniformly reducing the effective porosity of the screen to increase its loss coefficient so small
differences in the driving head over the screen area will not noticeably affect the flow
distribution. This method of flow control offers the most maintenance free design for controlling
the distribution of velocity across the screen face. However, it requires a relatively large design
head differential so that the inevitable small variations in differential are insignificant by
comparison.

Since the spillway is capable of providing large driving head differentials, the last strategy can be used.
This has the advantage of simplicity in control (no adjustments required during operation), fabrication
(uniform screen porosity), and maintenance (screen panels are interchangeable). The effective porosity
reduction can be achieved by using a higher porosity upstream screen face (40 or more percent) and
sandwiching the screen support framework between this upstream plate and a low porosity downstream
plate. The low porosity plate would be designed to control the screen flow and approach velocity with a
driving head on the order of 0.46 meter (1.5 feet), which should ensure reasonably uniform distribution
even in the presence of small spatial or temporal variations in the head differential.

Three materials are typically used for dewatering screens in this type of application. These are perforated
plate, bar screen (profile bar or wedge wire), and wire mesh. It is proposed that for this application the
upstream screen surface be stainless steel bar screen. While higher in initial cost, bar screen has a number
of advantages for this application. It is preferred by agencies in applications where fish contact is
possible. Bar screen material is compatible with brush-type cleaning systems. Experience at other
dewatering facilities has shown that perforated plate panels with relatively high porosity and long
structural spans tend to vibrate when exposed to the types of hydraulic conditions being proposed.
Finally, assuming the more expensive material is a conservative approach in a conceptual evaluation to
reduce the potential for costs to rise during final design.

The hydraulic and debris handling performance of bar screen will vary depending on whether the bars are
oriented vertically or horizontally. Depending on the site-specific debris characteristics, fouling may be
substantially reduced, or cleaning improved, by orienting the bars one way or the other. Preliminary
indications from application of bar screen by others indicate that orientation of the bars perpendicular to
the flow direction may reduce the potential for fouling. Final selection of the bar orientation should be
achieved through prototype testing with appropriate debris loading. Such testing would also define
hydraulic characteristics of the screen and assist in evaluation and development of cleaning devices.
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The downstream screen face is proposed to be a heavy gauge perforated plate. Although the porosity of
the perforated plate would be less, the actual opening size would be larger than the openings on the
upstream screen panel so that small debris passing through the upstream screen face would pass readily
through the perforated plate on the downstream side.

Thus, in a complete screen system, this double-sided screen design consists of individual rectangular
panels with bar screen material on the upstream side and perforated plate on the downstream side. The
panels stack in guides as required to form discrete screen stacks located side-by-side along one wall of the
dewatering section. Three different open area percentages would be required on the downstream sides of
the panels to create the three dewatering screen approach velocities (see Section 3.3.1) while operating
under a common differential driving head. Screen cleaning is accomplished with vertically operating
brush bar cleaners. The size of the panels would likely be based on a practical limit for effective length of
the cleaning equipment and the capacity of the hoisting equipment available at the site. Screen cleaning
and hoisting issues are discussed in Section 5.1.3. The screen panel stacks would be removable to
facilitate more extensive infrequent cleaning which may be required. This would likely only be needed
about once a year and could be done during the months the system is not in use.

Control of the total combined flow rate passing through the dewatering sections is regulated by the size of
the Tainter gate opening at Spillbay 1. How this flow distributes itself between the six screen sections is
defined by the effective porosity of the screen panels at each section. The design driving head differential
at each screen section, and the corresponding porosity required, would be determined through hydraulic
modeling. Once these porosities are established, the total screened flow defined by the Tainter gate
opening should distribute evenly between the dewatering sections so long as the screens are kept
relatively clean. In the case that one or more of the entrances is not operating, the Tainter gate will
regulate the correct total flow through the remaining entrance(s). The porosity control on the individual
screens will still maintain the correct relative differential across the screens for the operating collector
entrance(s), within a few percent. The remaining transport flow after dewatering is held constant by
tilting weirs located in each conduit.

Head losses through the main channel body transporting flow to the SES will be a maximum of 0.31
meter to 0.46 meter (1 foot to 1.5 feet). This combined with screen and other miscellaneous system losses
will result in an operating level in the SES upstream from the Spillbay 1 Tainter gate on the order of 1.0
meter (3.3 feet) lower than the pool level. To establish the desired channel flow would require that the
Tainter gate be open approximately 0.91 meter (3.0 feet) when the forebay level is within the normal
operating pool range.

Since the bypass system would be operated throughout the migration season, regardless of tailwater
conditions or levels, the effects downstream from spilling up to 170 m*/s (6,000 cfs) through Spillbay 1
at a variety of tailwater conditions should be investigated. These effects would include total dissolved gas
(TDG) and influences on adult fish attraction either toward or away from the fish ladder entrances. Some
modifications to the existing spillway deflector may be warranted, however, for the purposes of cost
estimating in this report it is assumed that the existing deflector would be adequate. Further, it is
anticipated that any local TDG effects from spilling through a single spillbay would be diluted
downstream by the powerhouse flow. The geometry of the deflector and resulting tailrace hydraulics
should be investigated in a hydraulic model to determine the need for modification to address TDG
issues. The tailrace flow pattern should also be investigated in a model to ensure satisfactory conditions
for adult migration. This would be true for any SBC designs that may impact the current spill release
patterns.
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Dewatering Screen Sections

To facilitate the simultaneous operation of the SBC channel and the ESBS intake diversion system, which
both pass fish into the existing juvenile gallery, the fish transport flow from the SBC must be reduced
from 170 m*/s (6,000 cfs) to 0.85 m*/s (30 cfs) before it is released into the gallery. This is accomplished
in a two-stage dewatering process. The primary dewatering is accomplished individually for each of the
three entrance conduits, reducing the 56.6 m*/s (2,000 cfs) to 1.81 m’/s (64 cfs), resulting in a combined
flow from the three entrances of 5.44 m*/s (192 cfs). This combined flow is then further reduced in a
common secondary dewatering section to the required 0.85 m*/s (30 cfs).

The primary screens were designed using the screening criteria defined in Section 3.3.1. These include
screen approach velocity components which vary from 0.36 m/s (1.2 ft/s) in the upstream third of the
screen length, to 0.24 m/s (0.8 ft/s) in the middle third, to the conventional fry criterion of 0.12 m/s (0.4
ft/s) in the downstream third. The screen areas were sized assuming that approximately 75 percent of the
gross screen area would be effective (the rest being blocked by structural supports, screen panel framing,
and vertical brush cleaning equipment).

In the previous SBC Conceptual Design Study for Lower Granite Dam, several layouts of a dual-wall
primary screen section in a “V” configuration were tried. These required using the steepest possible floor
slope of 45 degrees to bring the floor up from the 21.3 meters (70 feet) depth. The velocity criteria
resulted in a screen that was short enough that, even with a steep floor slope, the conduit cross section at
the end of the screen was a narrow “keyhole,” 0.61 meter (2 feet) wide by 12.2 meters (40 feet) deep.
With this cross-sectional area the transport velocity falls well below a reasonable minimum of 0.61 m/s
(2.0 ft/s), resulting in significant deceleration in the conduit. In short, all of the layouts resulted in a
conduit that was excessively deep and narrow and transport velocities that were too low. Therefore, a
single-wall screen section was developed, as shown on Plate 1.1.2. This allowed all primary screening to
be performed in a single section contained within the length of two powerhouse units.

Each primary dewatering screen section is made up of three areas with different approach velocities, as
shown on Plate 1.1.2. This layout is the same for all three primary dewatering screen sections. The first
area consists of two stacks of 5.33-meter (17.5-foot)-wide screen panels, one each with depths of 16.0
meters and 10.7 meters (52.5 feet and 35.0 feet). This is followed by two more 5.33-meter (17.5-foot)-
wide stacks, one each with depths of 7.77 meters and 4.88 meters (25.5 feet and 16 feet). The final area
includes two 7.32-meter (24-foot)-wide screen panel stacks, one each with depths of 3.35 meters and 1.83
meters (11.0 feet and 6.0 feet). This is a conceptual arrangement and represents one of many possible
layouts. Panel widths and depths would likely be optimized in the final design to best accommodate the
screen cleaning equipment. The 0.36-m/s (1.2-ft/s) criterion is applied over the upstream two stacks, the
0.24-m/s (0.8-ft/s) criterion over the middle two stacks and the 0.12 m/s (0.4 ft/s) over the downstream
two stacks. This results in the lower velocities being applied more conservatively to greater than one
third of the screen length (40.7 percent). The gross and effective net screen areas are 248 m” and 186 m’
(2,665 ft* and 1,999 ft%), respectively. The conduit width varies linearly from 2.89 meters to 1.52 meters
(9.5 feet to 5.0 feet) over the upstream two stacks, 1.52 meters to 0.91 meter (5.0 feet to 3.0 feet) over the
middle two stacks, and 0.91 meter to 0.61 meter (3.0 feet to 2.0 feet) over the downstream two stacks.
The screen face alignment is straight with the variation in conduit width and rate of convergence being
achieved through changes in alignment of the opposite wall. The floor rises through this section with the
conduit depth reducing to 2.44 meters (8.0 feet) at the end of the primary screens. The transport (or
sweeping) velocity through the primary screen section increases from 0.91 m/s (3.0 ft/s) at the upstream
end to 1.22 m/s (4.0 ft/s) at the downstream end. This will result in a transit time past the screen of about
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33 seconds for fish moving at the transport velocity. Through the narrowest portion of the screen
transport conduit, where the fish are more concentrated, the fish are exposed to the more conservative fry
criterion screen approach velocity component of 0.12 m/s (0.4 ft/s).

Downstream of each primary screen section the 1.81-m’/s (64-cfs) fish transport flow passes through a
0.61 meter (2.0 feet) wide by a 2.4-meter (8.0-foot)-deep open channel transport conduit. Transport
velocities through the conduits are sustained at 1.2 m/s (4.0 ft/s). Maintenance of the 1.2-m/s (4.0-ft/s)
velocity allows the 2.4-meter (8.0-foot)-deep section to be sustained to the secondary dewatering section,
thus minimizing fish exposure to variations in the flow section and flow velocity.

Low tilting weirs are included in the transport conduits to allow balancing of the discharge contribution
from each primary screen. Balancing is required in that the length of the transport conduits from each
primary screen is substantially different. Additionally, the weirs could be operated to generate fish capture
sections. A drop of 160 millimeters (0.53 foot) would provide a trapping velocity of 2.1 m/s (6.9 ft/s) at
the weir for Entrance 5/6. Corresponding drops over the succeeding weirs for Entrances 3/4 and 1/2
would be 230 millimeters (0.75 foot) and 251 millimeters (0.82 foot), respectively. For this operation,
critical flow with an undular water surface would develop at and below both the Entrance 3/4 and
Entrance 1/2 weirs.

As an alternative, if minimizing head loss through the conduits was required, tilting weirs could be
limited to the transport conduits from Entrances 3/4 and 1/2 only. With this configuration, the
approximate drop over the tilting weirs would be 70 millimeters (0.23 foot) and 91 millimeters (0.30
foot), respectively. The weirs would be fully submerged with adequate control achieved while
maintaining subcritical flow. As a consequence, hydraulic jumps would not occur. However, with only
two weirs there would be somewhat less control over the system flow conditions.

The bypass conduits are realigned and merged in such a manner that flow disruption is minimized.
Upstream of where the conduits merge, centerline conduit bend radii in most cases were held to at least
ten conduit widths. The dividing wall between the merged conduits is sustained well downstream of the
parallel alignment point to supply flow guidance and stabilization. Merged conduits were held at the 2.4-
meter (8.0 feet) depth and merged velocities sustained at 1.2 m/s (4.0 ft/s). Ultimately, the merged
conduit has a width of 1.8 meters (6.0 feet) at the entrance to the secondary screening section.

To minimize secondary screen length, a dual wall “V” configured layout was used. The developed screen
walls on either side of the section are each 15.2 meters (50.0 feet) long. The transport velocity of 1.2 m/s
(4.0 ft/s) is sustained through the dewatering section as the channel converges to a width of 0.612 meter
(2.0 feet) and depth of 1.14 meters (3.75 feet). In that fish are concentrated as they pass through the
secondary section, screens are sized based on the NMFS fry approach velocity criteria of 0.12 m/s (0.4
ft/s). Effective screen area was evaluated as 75 percent of the gross face area. Each wall of the secondary
screen is comprised of five 3.0-meter (10.0-foot)-wide screen stacks (Plate 1.1.2) with progressively
decreasing depths of 2.2 meters, 1.9 meters, 1.7 meters, 1.4 meters, and 1.1 meters (7.15 feet, 6.30 feet,
5.45 feet, 4.60 feet, and 3.73 feet). Both of the screen walls and the floor converge linearly through the
dewatering section.

Variable flow control for the secondary dewatering screens may be required to compensate for reduced
flow rates when not all entrances are in operation. Control may be provided by installing solid plates in
slots downstream from the dewatering screen panels for achieving necessary closure (blockage) of the
screen panel openings. Selected panels may be installed, reducing effective screen area and maintaining
the design head difference and flow distribution. Alternately, a gated porosity control structure could be
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installed around the entire secondary dewatering section allowing the full section to be utilized at a lower
screen velocity. In either case, bulkheads must be provided to block the conduit at either end of a non-
operating primary dewatering section to prevent flow from the entrance or back flow from the other
entrances from entering the section.

Fish Transport Conduit

Downstream from the last stack of secondary dewatering screens the conduit floor continues to rise from
1.14 meters (3.75 feet) to 0.914 meter (3.0 feet) deep over a length of 3.05 meters (10 feet). This results
in a velocity increase to 1.52 m/s (5.0 ft/s). After this point the cross section remains constant, 0.914
meter (3.0 feet) deep by 0.61 meter (2.0 feet) wide. The floor of this conduit would be sloped mildly
downward (approximately 1:400) to maintain a constant velocity of 1.52 m/s (5.0 ft/s). All bend
centerline radius to channel width ratios equal or exceed 5. Flow and water level in the conduit are
controlled by a tilting weir located at the downstream end. Total headloss from the forebay to the tilting
weir will be less than 0.3 meter (1.0 foot). The tilting weir consists of a vertical weir with a hinged
sloping plate attached to the upstream side. Along the hinged sloping plate, velocity increases to critical
depth and velocity, 0.582 meter and 2.39 m/s (1.91 feet and 7.85 ft/s) near the crest of the weir. Although
the slope of the tilting plate would vary slightly with the height of the weir, the slope would always be
less than 45 degrees up from horizontal.

After passing over the weir, the flow spills into a receiving pool and channel created by a caisson attached
to the dam face above the location of the existing auxiliary water port into the juvenile fish gallery. Since
the control weir is integral with the floating channel it floats up and down with the structure and should
not need to be adjusted in response to varying pool levels. The water level within the caisson would be
hydraulically controlled by the conditions in the existing fish gallery. This control is based on the water
level head at the inlet to the existing downwell. During current operation of the fish gallery the water
level at the downwell is about elevation 221.9 meters (728 feet). It is anticipated that the SBC system
would be run with the water in the caisson at about this same level, resulting in drop heights varying
between 1.2 meters (4 feet) and 2.7 meters (9 feet) at low- and high-operating pool levels, respectively.
The receiving pool was sized to comply with energy dissipation criteria that considers both the maximum
drop and the discharge. A submerged ramp and fillets have been included in the pool to minimize the size
of eddy zones and to turn and direct the flow downstream. The plunge depth would be about 3.0 meters
(10.0 feet). These conditions themselves should not create a biological problem, however flow patterns in
the caisson flow should be addressed through hydraulic modeling during final design with the caisson
designed to minimize any problems associated with turbulence.

The plunging action into the receiving pool creates a potential for gas transfer and generation of
supersaturated TDG levels. Based on mean pressure in the 3.0-meter (10.0-foot)-deep pool,
supersaturation levels of at most 1.15 atmospheres (115 percent) could be generated. Degassing would
then occur as the flow exits the plunge pool. TDG levels would then be substantially diluted by mixing
with the gallery flow. Exposure time to the elevated TDG would be less than one minute based on the
flow volume exchange rate.

ESBS Performance

The presence of the SBC will modify velocity magnitudes and distribution in the turbine intake. This will
result in modification of the velocity field intercepted by the ESBS. There is a potential that an upward
velocity component will be added along the intake crown. Observations, such as those made during the
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1996 SBC prototype study at Lower Granite indicate that this may actually improve ESBS performance,
increasing fish guidance efficiencies. Changes in the velocity field across the ESBS and flow balance
along the height of the vertical barrier screens (VBS) will likely be modified. Influence of the SBC on
ESBS performance should be evaluated in a single turbine intake model. Changes in ESBS and VBS
porosities may be required.

Cutoff Wall

The cutoff wall is located where flow on one side accelerates into the turbine intake and there are
relatively static flow conditions on the other side. This will generate a differential pressure loading on the
wall. This loading should be evaluated through use of a powerhouse sectional hydraulic model.

Influence on Spillway Capacity

The SES was designed so that there was no loss of effective crest length when operating in the full spill
condition, with the bulkhead panels removed. However, the SES may have minor influences on the
discharge coefficient for Spillbay 1. Assuming that during large flood spill events Spillbay 1 would be
used in conjunction with significant release through the adjoining spillbay, there should be no re-entrant
effect associated with the north SES wall. The influence of the SBC wall should eliminate any effect
from the south wall. Proper treatment of the design of the bottom of the SES entrance could eliminate
negative re-entrant effects of the SES floor. A short ‘false’ wall extending down from the floor at the
SES entrance is shown on Plate 1.1.5 as a possible means of mitigating this effect. With hydraulic
modeling, an SES design could be developed that would have no influence on spill capacity.

5.1.2 Structural Design

Cross sections of the components making up the Lower Granite Type 1 channel design are shown on
Plates 1.1.3 through 1.1.5. The channel includes two flotation cells at the top, one on the upstream side
and one on the downstream side. The fish conduits described in Section 5.1.1 are located inside the
channel between the flotation cells. The main portion of the channel, outside the fish conduits, forms the
screened discharge channel which carries the screened flow north to the SES attached to Spillbay 1.
Based on the normal operating water surface differential between the forebay pool and the inside of the
SBC, a maximum design head differential across the walls and floors of the channel and SES components
is conservatively assumed to be 1.52 meters (5.0 feet) for structural design and cost estimating purposes.

To help protect against these components being overloaded it is recommended that the Tainter gate be
electrically limited to a specific maximum opening during operation of the SBC. Additionally, the head
differential should be monitored and the Tainter gate closed automatically if it becomes excessive. A
further measure to protect the channel from possible hydraulic overload would be the inclusion of a
pressure relief panel(s) in the channel walls. Since the discharge capacity of the Tainter gate is far in
excess of the 170 m*/s (6,000 cfs) design flow capacity of the channel, and since an unrestricted release of
water under the gate would generate a severe pressure overload on the channel, and possibly lead to
collapse of the structure, the relief panels should be sized for the design headloss of the channel, but with
a total discharge well in excess of 170 m’/s (6,000 cfs). Assuming a Tainter gate discharge of, for
example, 340 m’/s (12,000 cfs), at a 1.52-meter (5.0-foot) head differential and a conservative 0.60 orifice
coefficient, the required panel opening size would be approximately 104 square meters (m®) (1,115 square
feet [ft’]). A single 9.2-meter by 12.2-meter (30-foot by 40-foot) panel at one end of the channel could
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provide this relief. Shear pin closures could secure the panel and would be designed to fail at the desired
head differential.

The steel caisson attached to the erection bay above the fish gallery auxiliary water port would be
designed for a fully dewatered condition to facilitate maintenance of the gallery system.

Floating Channel Issues

The structural advantage of a floating channel is that external support for the vertical dead weight of the
structure is not required. Although the channel still needs to be held in place horizontally, these
attachments are significantly less substantial than would be required if the channel weight needed to be
supported. Additionally, supporting the weight of the channel structure directly off the dam face would
have negative impacts on the seismic stability of the powerhouse monoliths. This concern will be
addressed in more detail later in this section.

The fact that the channel is floating presents some structural design considerations which must be
addressed. Wave dynamics must be considered when dealing with any floating structure. If the draft is
small relative to the wave size, the structure can experience a significant heaving motion. However, the
21.3 meters (70 feet) draft of the SBC channel should effectively eliminate any concern with heaving of
the channel. Waves can also create differential pitching motions between segments of the channel if the
structure is hinged or articulated. This type of motion can place extreme fatigue loads into the
connections between segments. An additional source of fatigue loading at the connections, if the channel
were to be segmented, would be differential buoyancy between the segments. Given the operating
conditions, especially the difference between the on and off conditions, there will be variation in
buoyancy over both time and length of the channel. Therefore, the channel should be designed as a
continuously rigid structure which floats and pitches as a monolithic unit. At the locations of the entrance
openings this will require bracing across the opening to maintain stiffness. Bracing will also be required
to provide rigidity across the discontinuities in the flotation cells where the transport conduit passes
through the west wall.

Because the channel is supported from the flotation cells, the final design will need to include adequate
internal structural bracing to ensure that the channel shape is maintained over all loading conditions.
Internal bracing is shown conceptually on the accompanying plates depicting the channel. Actual size
and location of the structural components, including this bracing, would be defined in the final design.
The anticipated design approach would involve a structural system utilizing an internally braced frame at
each of the pier locations supporting wall and floor panel systems. The load path would be from the
panels to the braced frames to the channel support attachments. Systems such as this have been
developed successfully for prototype SBC channels at other projects. Alternatives to the braced frame
design would include a moment frame design at the pier locations, however, it is felt that excessive
deflections likely from such a system would compromise the critical alignment requirements of internal
walls and equipment, and would result in excessive weight of the channel due to the great depth of the
members to transfer the moments.

Some structural bracing members at the channel frames, and possibly within the dewatering screen
sections, are anticipated in the flow path, but these will be minimized to the extent possible and will be
hydrodynamically shaped. This will be done for fish protection, to minimize debris build up, and to
minimize headlosses in the channel. The proposed screen cleaner system utilizes vertically sweeping
brush bar cleaners, as opposed to horizontally sweeping brush bar cleaning. Because each individual

\\Bellevue\Wpros\WP\1346\Appendices\FEIS\E - Major Sys Imp\CamRdy\Annexes\Annex B\AnnexB.doc

E-B-39



Appendix E

screen stack would have a dedicated brush bar, there is no specific restriction to including cross-conduit
pipe braces at strategic locations within the dewatering section. This could contribute to overall
reductions in support steel for the screen walls. As with the channel frame bracing, the extent of cross-
conduit bracing would be minimized to reduce biological concerns. The vertically sweeping-brush bar
cleaners are described in Section 5.1.3.

Horizontal Restraint and Dam Stability

Although the SBC channel is floating and supported in the vertical direction, horizontal restraint is
required in the transverse (upstream/downstream) and longitudinal (along the axis of the dam) directions.
The existing prototype SBC channel is restrained by guides attached to the powerhouse intake structure.
Concern was expressed early in this study that a direct attachment of the channel to dam mounted guides,
as done for the prototype at Lower Granite, might compromise the structural stability of the dam during a
seismic event due to the additional inertial force which would need to be overcome to mobilize the mass
of the channel. Since there was no comprehensive stability review available for the Lower Granite
powerhouse, a review was performed of the original Lower Monumental powerhouse stability analysis,
an identical powerhouse with a slightly lower pool level. Although this review was cursory, and not a
recalculation of the full stability analysis, it was concluded that there is adequate cause for concern at
Lower Granite that if any additional horizontal seismic loading is considered (beyond the current design
loads) a full stability analysis documenting the safety of the structure should be performed.

Because the stability review was inconclusive concerning the magnitude of any additional horizontal
loads which could be applied safely to the powerhouse, a number of different horizontal support
alternatives were investigated for the purpose of comparison. The approach was to investigate
alternatives which could support the transverse and longitudinal loads associated with the channel while
reducing or eliminating any additional seismic loading imparted on the powerhouse structure. These
alternatives included a direct guide attachment to the dam, a damped connection, a stand-alone structure
in the forebay, a cable moored design, and a fused attachment to the dam. Calculations and sketches from
these investigations are included in Attachment A.

Attaching the channel directly to a dam mounted guide was investigated as a baseline to determine the
magnitude of the increased loads which would be applied on the dam, assuming no special measures were
taken to isolate the channel loads. As compared to the combined hydrostatic and hydrodynamic loads the
forebay would impart to the dam during a design seismic event (whether the channel was present or not),
a direct attachment would result in an increase of about 3.3 percent in downstream horizontal loading
applied to the upstream face of the powerhouse. Because the channel occupies the upper half of the water
column, this load has a somewhat greater effect on the applied overturning moment, representing an
increase of about 7.1 percent. Although there is cause for concern about any additional loading, it is
recommended that a full stability analysis be performed to determine if this increase is significant or not.
If the additional load satisfies the design requirements, then the complexity and maintenance issues
associated with the channel attachment might be reduced.

Seismic dampers are commonly produced for installation in building structures to decrease member
stresses experienced during an earthquake. If seismic dampers are placed within this type of attachment
they would function more like automobile shock absorbers than building dampers. This type of damping
can reduce the additional loading but can not eliminate it. Determining the magnitude of the reduction
which could be accomplished by a damped connection would be an extensive calculation based on
assumptions about the damping characteristics of the equipment, the arrangement of the attachment, and
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the magnitude of the design earthquake ground deflection and cycle period. This level of investigation
would only be justified if it was pre-determined that the full additional load could not be tolerated but
some defined reduction target would be acceptable. Therefore, as part of the recommended stability
analysis it is suggested that a magnitude be defined for the maximum allowable additional load which
could be applied to the upstream face of the powerhouse monolith during a design seismic loading
condition if the load was centered 10.7 meters (35 feet) below the water surface. If the full additional
load can not be applied, but a realistically achievable reduction is acceptable (e.g. less than a 50 percent
reduction), then a design incorporating conventionally manufactured seismic dampers may represent a
relatively low-cost installation with minimal maintenance requirements.

Two design alternatives involving full external support for the transverse channel loads were investigated.
The first alternative involved a series of fixed tower support structures mounted on the bottom of the
forebay on the upstream side of the channel. The second alternative involved a more flexible support
system consisting of a series of long heavy cables which would moor the channel to anchors mounted
upstream on the bottom of the forebay. Both of these designs were determined to be excessively large
and expensive. Additional detail on these designs can be found in the calculations located in

Attachment A.

If no additional seismic loading can be applied to the upstream face of the dam, in excess of those which
would exist in the absence of the channel, then the proposed support alternative is a fused attachment to
guides mounted on the powerhouse piers. The concept behind this design is that up to a designed
maximum load the attachment of the channel to the guides would act as a rigid attachment. During an
earthquake, a rigid attachment would force the dam and the channel to move and accelerate together
monolithically. The portion of the hydrodynamic forebay load (Westergaard forces) which occurs over
the top 21.3 meters (70 feet) of the water column would be applied to the upstream face of the channel,
rather than the dam face. This portion of the load would then be transferred into the dam via the
attachments, along with the inertial loads from the horizontal acceleration of the channel structure and the
water contained within it. If the attachments are designed to disconnect when the applied compression
load exceeds the hydrodynamic load the dam would experience without the channel, then the dam would
not experience an increase over the current design loading. The proposed connection would be made with
a series of high-strength steel shear pins acting as the fuse mechanism. This concept is feasible because
the design shear load resulting from the maximum hydrodynamic effects of the forebay over the top 21.3
meters (70 feet) would be approximately 3.5 times the ice or wave loading, which represent the next
highest naturally occurring design loads. Therefore, no source of loading other than a major earthquake
could apply loads large enough to shear the fuse pins, and at the instant of shear during an earthquake the
dam structure would not be experiencing loads greater than those it has already been designed for in the
transverse (upstream/downstream) direction. A system of fuse pins would also be incorporated into the
longitudinal attachment locations to prevent motions in the north/south direction from overstressing the
pier noses. Once failure at the fused connection were to occur, the channel would be free to float within
the confines of the guide system constrained by compressible stops to prevent the channel from drifting.
Calculations and sketches of a possible design are included in Attachment A. It should be noted that
regardless of the eventual outcome of the recommended comprehensive stability review of the
powerhouse, a fused connection may make economic sense since the overall size of attachment members
and anchors would be reduced to the size of the failure force, not the full inertial force of the channel.
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Spillway Extension Structure

The SES is attached to the upstream face of Spillbay 1 and extends upstream into the forebay. The effects
of this structure on the stability of the spillway monolith were reviewed and it was determined that the
presence of the SES increases the stability of the monolith under all design loading conditions, including
seismic. This is due to the fact that the SES is proposed to be a concrete-filled steel structure which is
rigidly attached to the upstream face of the monolith. At this location, the added weight of the extension
structure applies a large stabilizing moment to the monolith which more than compensates for any
destabilizing loads the structure and the water it contains would impart during a seismic event. In
addition to stability issues, horizontal shear and torsional loading in the spillway structure due to the
additional horizontal loads was reviewed. From this review, the spillway structure appears to be fully
capable of carrying these loads. The stability review calculations are included in Attachment A.

The one spillway component that would warrant a more detailed review is the Tainter gate itself.
Additional loads applied to this structure appear to increase the loading by as much as 4 percent. Because
this review was somewhat conservative, and because a detailed investigation of the gate was not
performed, the increase may be within the reserve capacity of the gate and may be justified in final
design. If the gate does require structural modifications to support this increase they would be relatively
minor compared to constructing an alternative outlet for the flow. The advantage of maintaining the
ability to utilize Spillbay 1 up to its full flood discharge capacity would justify the small modification
costs and the SES design as shown.

Although not shown in the drawings, the structural system of the SES is assumed to include a bracing
system in the top plane of the structure to support the tops of the walls. Also, since the structure spans the
contraction joint between the non-overflow/half spillbay monolith and the first full spillbay monolith, the
floor of the SES would likely also require a similar joint. Bracing of the floor panel on either side of the
joint from below may be required to provide support to the panel. A detailed investigation should be
performed, possibly including hydraulic modeling, to determine the full extent of the loads experienced
by the SES components in both the operating and full spill conditions. These would need to include the
thrust loads due to the water flow inside the SES and differential pressure between the inside and outside.
Structural loads on the SES during full spill operation in some areas may exceed the operating design
loads. This may be especially true in the area of the SES floor and lower walls. Final design should
utilize criteria which fully incorporate these full spill loads.

Floating/Fixed Structure Conduit Connections

As was noted, the floating channel structure is proposed to be attached to the powerhouse with a system
of fused attachment arms and vertical guides which will allow for vertical movement but restrict
horizontal (upstream/downstream) movement under normal operating conditions. During maximum
design seismic events, however, these fuses would shear preventing the channel from transferring full
inertial loads to the concrete dam. Since the floating channel conveys water to the powerhouse juvenile
gallery and the SES, sliding connections capable of allowing vertical movement must be provided at these
locations which can pass the conduit flow with a minimal amount of leakage. Moreover, since the
proposed channel horizontal support system at the powerhouse is fused, and designed to allow differential
horizontal movement between the channel and the dam under extreme seismic loading, these water
passage connections must not only slide vertically under normal operations, but also must accommodate
horizontal movement of the channel under design seismic loads. A fused connection design would also
be appropriate for these connections. Failure of the connections could involve the shearing of pins, the
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crumpling of steel in designed crumple zones, or a flexible sliding connection that would compress.
Selection of a design approach and detailing of the attachments would be issues for final design.

Channel Cutoff Wall

The cutoff wall component of the SBC system is intended to prevent the fish from entering the Unit 6
intake via a path under the north end of the SBC channel. In this sense, the wall is a behavioral structure
only. Despite this, the wall could be subjected to relatively significant loads which need to be considered
in the design. These loads include the differential water load caused by the velocity of the water entering
the turbine intakes of approximately 0.12 meter (0.4 foot) of water, the pressure load caused by load
rejection events from the turbines of approximately 0.31 meter (1 foot) of water which acts in an opposite
direction from the velocity head-induced loads, gravity loads from the wall itself, and finally, and most
significantly, the hydrodynamic Westergaard loads induced by seismic events which push the wall
through the water. The Westergaard loads, calculated to be equivalent to approximately 3.23 meters (10.6
feet) of water, are as much as ten times the magnitude of the other out-of-plane loads.

The structural design philosophy of the cutoff wall is proposed to be similar to that of the SBC channel
attachment to the dam. That is, to utilize a load limiting system to minimize the structure size and cost.
Much like the fused pin connections on the channel, it is proposed that the wall be designed for loads
which would be experienced on a relatively frequent basis, and allow failure of various components to
occur when confronted with the very infrequent larger loads resulting from large seismic events. This
will limit the structural requirements for the cutoff wall itself, and will also limit the loads the wall can
transfer into the channel. The channel will need to be reinforced locally in the cutoff wall attachment area
to accommodate the normal design loads, and the fused attachment of the channel to the dam will need to
be capable of supporting these north-south loads.

For the cutoff wall, it is proposed that the panel framing members and their support points to the channel
above and concrete footings below, be designed for approximately 1.52 meters (5 feet) of equivalent
water load, well below the Westergaard loads, and that the actual failure components (bolts holding an
array of blow-out panels making up the face of the wall) fail under approximately 0.91 meter (3 feet) of
water load. This will allow for a substantially more cost efficient structure design and also limit the
transfer of loads to the support points for the wall. A conceptual design for this wall is presented in
Attachment A.

As an additional complication, the wall needs to accommodate the floating SBC channel to which it is
attached on the top. To achieve this, a telescoping wall joint is proposed allowing for the 6.86-meter
(22.5-foot) fluctuation in elevation of the floating channel required at Lower Granite. A smaller upper
fixed panel section, braced back to the bottom of the channel and able to move vertically with the
channel, would in turn provide support, through a sliding connection, to the larger lower panel section
which is also supported at the bottom of the forebay. Moreover, the wall is proposed to be isolated from
the dam by a sealed moveable joint to a small wall section bolted to the north side of Unit 6.

The bottom of the wall is assumed to be supported by large concrete footings rock-anchored to competent
material underlying the forebay.
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5.1.3 Mechanical Requirements

Screen Cleaner Systems

Although the trash shear boom in the forebay and the trash racks located at each entrance should
effectively prevent large debris from entering the channel, most of the smaller floating debris entrained in
the flow entering the SBC entrances will pass into the channel. Since most of this flow passes through
the dewatering screens (only a relatively small portion is carried as transport flow to the juvenile
facilities), a majority of the smaller debris will become impinged on the dewatering screens. Therefore,
automated mechanical screen cleaning equipment is provided for all dewatering screen sections.
Development of an effective screen cleaning system is perhaps one of the more significant challenges in
the development of all SBC systems that dewater flow. Not only must the system be effective in
cleaning, it must be reliable over periods of sustained usage. The criticality of this issue is so great that a
prototype dewatering facility has been proposed for the existing prototype SBC channel at Lower Granite.
This facility, if constructed, would include many, if not all, of the cleaner designs described below with
the goal of assessing effectiveness and reliability.

The challenge associated with keeping vertical fish screens clear of debris is one that has been met in
several different ways in the region. In general, screen cleaning systems fall into three groups:

e brush cleaner systems that physically remove accumulated debris from the screen face

e traveling screen systems that trap accumulated debris on a vertically moving continuous looped
screen belt relying on water flow to backwash accumulated debris as the belt passes around and
back into the flow on the downstream side

e water or air backwash systems that use pressurized jets located behind the screen to blow debris
off the screen face and back into the sweeping flow path of the conduit.

Each of these types of systems have been used successfully at various screening facilities, including
several operated by the Corps. The challenge of adapting these types of cleaning systems to the SBC
channel is primarily a problem of scale. The large volume of water being screened in these facilities is far
beyond any typical applications and in many ways, stretches existing technologies to their limits. Not
only is the overall area of screens large, but the depth of the screens below the water surface is well
beyond where most standard screen cleaning technologies exist. For example, commercially available
horizontally sweeping brush cleaners, common on many shallower screen facilities less than 6.1 meters to
7.6 meters (20 feet to 25 feet) deep, are of questionable feasibility on screens that might extend to depths
of 16.8 meters (55 feet), as proposed, because of the extreme length of the brush arm. The exception to
this is self-cleaning traveling screens which have been installed at screening facilities up to 30.5 meters
(100 feet) deep. Each of the major screen types will be discussed briefly.

Brush Cleaners

Brush cleaning systems are the most common. A stiff (typically nylon-type plastic) bristle brush is
attached to a steel member which is mobilized in a sweeping motion across the face of the screen.
Vortices around the bristles are thought to achieve most of the cleaning action, as opposed to the physical
scraping of debris off the face. Impinged material is moved by the brush along face of the screen to a
remote location where it either accumulates, is swept downstream by the sweeping velocity of the main
conduit flow, or is pulled from the flow for disposal. Brushes move either horizontally or vertically, or in
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some cases in wide sweeping circles. When bar screen material is used, experience suggests that brush
motion perpendicular to the bar screen orientation cleans fibrous material (i.e., grass or straw) more
effectively than motion parallel to the bars. Brush cleaner effectiveness is sensitive to screen panel
deviation from flatness, requiring relatively close tolerances and construction oversight of panel
installation. The main components of brush cleaners are drive motors, shafts and bearings, cables or
chains, tracks, brushes, brush bars and framework.

Vertical brush cleaning systems have horizontally oriented brushes moving up and/or down along the face
of the screen. Motion is often achieved by pulling the brush with cables or chains along tracks. The
sliding contact of the bristles with the screen and the vortices created dislodges debris. The ESBS in use
at many of the Corps projects on the Snake and Columbia rivers (including Lower Granite) utilize this
type of vertically sweeping brush cleaner. For these structures, the bar sweeps vertically along the face of
the screen and is driven by a chain drive system recessed in the support structure on either side. Specific
advantages of this type of system include the virtually unlimited depth to which these systems could be
designed. Stacks of 3.66-meter (12-foot)-wide screen panels, with a depth up to 16.8 meters (55 feet),
fitted with a single vertically sweeping brush bar could be developed for use on the SBC channels. In the
design of this type of cleaner for the SBC channels, the cleaner would clean in an upward direction
pushing material up and out of the flow where a spray system would flush the material to the downstream
side of the screen and out of the channel with the screened flow. A cam or linkage type mechanism
would hold the bristles against the screen during the upward movement, and hold the bristles away from
the screen during downward travel. To cover the full length of a dewatering screen section, a series of
these cleaners would be employed, each dedicated to a single screen panel stack. The stored position of
the vertical brush cleaner would be at the bottom of the screen panels either directly in the flow path or in
a shielded enclosure. The removable screen panel design proposed for the SBC channels would enable
the entire mechanical system for the cleaners to be removed for maintenance or inspection along with the
stack of screens.

Commercially available vertically sweeping brush systems have been developed for depths up to 21.3
meters (70 feet) and are currently in use at facilities in Northern California [8]. Rather than being integral
to each screen panel, these systems use a track-mounted dual-telescoping boom system with a 1.8-meter
(6-foot)-wide horizontal brush attached at the bottom, and would clean the screens in the same manner by
pulling debris up and over the top of screen stacks. Cleaning would progress down the wall of screens
stopping every 1.8 meters (6 feet) for the entire length of the screens. Budgetary pricing for a machine
like this mounted on a 22.9-meter (75-foot)-long track would be about $250,000. Depending on the rate
of cleaning required, one or more machines might be required for each wall of screens.

The ability to remove debris from the flow path is a significant advantage for the vertical brush cleaners, a
consideration that will lead to lower maintenance costs at subsequent dewatering sections further
downstream, pinch points within the conduit where the debris may get hung up, at the juvenile fish
gallery downwell, and at the downstream juvenile facilities.

For vertically sweeping cleaners, there is some concern about the trapping of fish above the bar during the
upward sweeping motion. Whether this is a real or perceived problem should be investigated in a
prototype dewatering facility.

Horizontal brush cleaner systems, on the other hand, have long, vertically oriented brushes attached to
steel (or aluminum) arms that are swept horizontally along the face of the screens with the current, then
pulled out of the water (or simply away from the screen face) to reset for another pass or for storage. This
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is a fairly standard design which offers the advantage of a history of reliable service and can be
characterized as proven technology in these applications. However, no standard applications of this
technology could be found in a review of regional screening facilities for applications as deep as those
proposed in this report. Commercially available cleaners of this type have been developed for screens up
to 6.1 meters to 7.6 meters (20 feet to 25 feet) deep. Because these cleaners rely on a rigid vertical arm to
support the brushes, there is a practical limit to the length (depth) that these cleaners could be designed
considering spatial and functional requirements (e.g., their presence in the flow path across the entire
height of the screens, the sloping bottoms of many of the proposed designs, as well as the overall size of
the vertical arm). For screens located at shallower, constant depth (or mildly sloped) floors, this type of
system is convenient since a single brush mounted on a motorized or cable trolley located on a track at the
top of the screens could clean a relatively long section of screen, perhaps limited only by the cleaning
cycle requirements for the screens. Unlike the vertical brush systems, this cleaning method does not
remove the debris from the conduit at the point of cleaning, rather it pushes the debris downstream.
Therefore, horizontally sweeping brushes are typically used in applications where the fish and flow would
be swept directly downstream to the tailrace with the debris. However, in this application the debris
would be swept further down the channel, and ultimately into the juvenile gallery, where it will need to be
dealt with again, possibly multiple times.

Commercial application of horizontally sweeping brush cleaners for screen depths over 7.6 meters (25
feet) are rare at best. Discussions with manufacturers of this equipment indicate that while technically
feasible, there is a question about the economic justification of doing so, noting that a vertically sweeping
system (as described above) could be constructed at a lesser cost.

Traveling Screens

Traveling screens are utilized widely in the screening of water to divert fish and debris. The Corps
utilized traveling screen technology in the development of their STS used in turbine intakes along the
Snake and Columbia Rivers. These applications are complicated by the fact that the drive machinery is
submerged. Conventional traveling screens, with the drive machinery in the dry, are currently used at
McNary Lock and Dam to screen the fish ladder water supply on the south side of the project [9]. The
basic premise is that the screen face material is a continuous belt and debris caught on the upstream face
of the screen will travel on this belt to be flushed off with a spray system, or as proposed for this project,
around to the reverse side where it will be flushed off by the action of the water moving through the
screen. In this sense, they are self-cleaning. A motor drives the belt which in the case of the STS systems
was a flexible plastic mesh, while in other applications it is a series of rigid screen panels connected by
pivots into a chain. Sprockets at the top and bottom turn the screen over backwards to the water flow. In
most applications the screen travels continuously. Main components of the system are: drive motor,
shafts and bearings, chains, tracks, screen belt and framework.

From a mechanical perspective, the application of traveling screens for the SBC channel is a relatively
direct one. Commercially available screens are currently fabricated for depths up to 30.5 meters (100
feet) [10]. Screens up to 24.4 meters (80 feet) deep are currently in use on the Ohio and Mississippi
Rivers. Widths up to 4.57 meters (15 feet) are common, however, widths of about 3.05 meters (10 feet)
are most economical. Typical screen material for applications utilizing rigid panels is wire mesh, but
other materials such as profile bar screen or perforated plate could likely be adapted with some level of
design modification. Traveling screen systems are manufactured in individual, self-contained units and
can be removed completely if desired. Normal maintenance occurs from the deck level where most of the
mechanical drive systems are located. While the typical screen is a low-head design, a head loss

\\Bellevue\Wpros\WP\1346\Appendices\FEIS\E - Major Sys Imp\CamRdy\Annexes\Annex B\AnnexB.doc

E-B-46



Appendix E

component generating the desired 0.31 meter to 0.46 meter (1 foot to 1.5 feet) of head loss (see Section
5.1.1) could be incorporated into the screen through the use of a low porosity center plate.

Considerable initial cost is a consideration for vertical traveling screens and perhaps represents its greatest
disadvantage. Budgetary pricing for a conventional 3.05-meter by 21.3-meter (10-foot by 70-foot) screen
is about $150,000, or over $2,150/m? ($200/ft*). Modifications to substitute stainless steel bar screen for
the standard wire mesh panels (if desired) and add the low porosity center plate would drive costs up
considerably. These costs are considerably in excess of the estimated costs for a vertical brush system.
Periodic overhauling of these screens would be required (typically after 10 to 15 years of service) and the
annualized cost for this maintenance is considerable. Traveling screens also require the most machinery
of the various cleaner types and are typically quite heavy with larger units weighing as much as 18,200
kilograms (40,000 pounds). A traveling screen system offers maintenance advantages in that the entire
system can be removed as a unit and worked on out of the water or replaced as a unit. Also, if spare
traveling screen units were purchased and lengths of screens were standardized, screens requiring
maintenance could be removed and spare units installed without taking entire dewatering screen sections
down for extended maintenance periods. The ability to visually inspect the screen as it clears the water
surface would be a significant maintenance advantage to verify that screens are operating successfully and
are not damaged.

Backwash Systems

Backwash cleaning systems use pressurized jets of water or air to dislodge debris. The nozzles are aimed
upstream at the downstream (back) side of the screen. Typically, the nozzles would be mounted on bars
which travel in a circular or linear motion across the back face of the screen. Circular motion nozzle bars
are often self-propelled. Linear motion nozzle bars require a drive system. These systems require a
supply of pressurized water or air and plumbing to get it to the nozzles. The main system components
are: pumps, piping, motion actuators, and motion bearings.

Backwash systems are typically applied in facilities with high sweeping velocities and where conduit
geometry precludes the use of brush systems. The high sweeping velocities are required to keep debris
from reattaching to the screen face after being blown off. For the relatively low conduit velocities found
in the SBC channels, appropriate sweeping velocities may not be achievable to accomplish effective
screen cleaning. Additionally, since the proposed design of the dewatering panels introduces a multi-
layer porosity control (porosity is controlled by both the upstream screen and, to a much larger degree, the
low-porosity downstream plate), a backwash system for these panels would require a fixed piping system
integrated into the screen panels (i.e., upstream of the low-porosity back plate). Fixed spray systems are
typically uneconomical on large screens due to the large amount of flow required and the complex piping,
valving and control systems required. The removable sandwich panel screens proposed in this study
would be particularly difficult to plumb and connect for the moving parts of the backwash system.
Additionally, a complication with a backwash system for an application this large is that quite a few
nozzles could plug and become ineffective before a noticeable reduction in the total spray flow would be
detected. This could present an on-going maintenance problem.

Like the horizontal brush systems described earlier, backwash systems leave all of the debris in the fish
conduit, however, they do have the advantage of not putting any structural features in the path of the fish.
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Proposed Screen Cleaning System

Based on the cost, maintenance and operational advantages discussed above, vertical brush bar cleaners
are proposed for Type 1 SBC channel. This approach would also be used for the Type 3 SBC channel
described in Section 8. The brush bar would be guided vertically in tracks incorporated into guide frame,
with the drive machinery located at the top of the screen panel stack. Each screen stack would have an
individual brush bar, drive motor and guide frame.

The screen layout depicted on Plate 1.1.2 (and described in Section 5.1.1) is based on the initial hydraulic
analysis to fulfill the design requirements and represents one of many possible arrangements. Actual
screen panel widths and stack heights would be determined during final design based on a number of
factors, including the most economical structural size for the panels and requirements of the cleaning
equipment. For the purpose estimating the complexity and cost of a vertical sweeping brush bar system it
was felt that use of individual brush bars as long as 7.32 meters (24 feet) was not a sufficiently
conservative assumption in the absence of more detailed design and layout. Therefore, rather than the six
screen stacks shown it is conservatively assumed that ten separate brush bar cleaners would be required
for each of the three primary dewatering sections. This would be accomplished with screen stack widths
and brush bar lengths of approximately 3.66 meters (12 feet). The common secondary dewatering section
is 15.24 meters (50 feet) long with screens on both sides. This secondary screen cleaning could be
accomplished with eight 3.81-meter (12.5-foot)-wide bars, or ten 3.05-meter (10-foot)-wide bars. It is
conservatively assumed for cost estimating that this section would utilize ten individual bar cleaners (five
on each side). This results in a requirement for the Type 1 channel of 40 individual brush bar cleaners
and frames.

The brush bars would be stored at the bottom of the screen stacks when not in use to prevent debris from
building up below the brush and being pushed down when the cleaner is deployed. The screen panels
would be designed in sections to allow removal with existing cranes at the project. The cleaner itself
would be comprised of a separate frame which again could be removable for maintenance of the
mechanical systems. A spare cleaner frame could be installed in this event to allow for continued use, or
more cost-effectively a temporary bulkhead could be placed in the screen guides to allow for continued
operation at a slightly reduced entrance flow. A discussion of the characteristics of this type of cleaner is
presented earlier in this section. A sketch of a conceptual design for this cleaner is included in
Attachment A.

Water Control Gates

The primary water flow control gate for the Type 1 SBC channel is the existing Tainter gate at Spillbay 1.
Although there are no modifications proposed for the Tainter gate structure, unless final design analysis
dictates minor structural upgrades, modifications would be required to the control system for the gate to
ensure that proper flow rate and differential head are maintained in the system. Specific control
requirements for the system are described in Section 5.1.4.

Control of the water surfaces and transport flow rates in the fish conduits would be accomplished with
tilting weir gates located downstream of the primary dewatering sections and just prior to the flow
entering the powerhouse at the fixed caisson. The weir gates would be designed with a sloping follower
plate on the upstream side of the weir (see Section D on Plate 1.1.4 and Section B on Plate 1.1.2). Very
little adjustment should be required on these gates since the design discharge would be constant and the
water depth inside the conduits should not vary significantly. However, unanticipated problems, such as a
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piece of debris lodged in the conduit, could alter the water level quickly and significantly. To maintain
the design flow rates it is proposed that the weirs be adjustable to maintain a pre-set depth over the weir
crest. The adjustment could possibly be automated to prevent a problem from going unnoticed for a
significant period of time.

Debris Management Systems

SBC Entrance Racks

From late winter to mid spring, large releases of debris material may be collected at the dam. These
events last between a few days to a week. During these events small and large debris may bypass the
trash shear boom and collect at the entrances of the SBC channel. To prevent the larger material (which
could plug the conduits) from entering the SBC, there will be a steel trash rack at each of the SBC
entrances. Periodically there will be enough accumulation of debris on these racks that removal of the
debris becomes imperative. Use of a mechanical trash rake is proposed for removing debris from the
trash racks.

The design criteria for the SBC entrance trash rakes would include the following minimum requirements:

e All components must be capable of cleaning a semi-circular trash rack with a radius of
6.07 meters (20 feet) and a depth of 21.3 meters (70 feet). This will require the trash rake to
boom out at its furthest point 6.07 meters (20 feet) beyond the SBC structure.

e All components must be capable of operating in extreme weather conditions.
e Fach system must lend itself to integration with a debris removal system.

e All components must be adequately protected against corrosion.

e If hydraulic machinery is included, environmentally safe fluid must be used.

e If'the collection of debris requires the removal of large material, extraordinary measures should
not be needed.

Development of a trash rake system for the SBC entrance racks was determined to be most efficient by
investigation and adaptation of the relatively large number of commercial systems available. There are a
number of different types of trash rakes currently available on the market. Most of these mechanisms fall
into three main categories. The first is the boom type. One or more booms have a scraping device
attached to one end. This end is lowered into the water and dragged along the trash rack dislodging the
debris pulling it topside with the scraper. Some booms are articulated and others rigid or telescopic.
Relatively large forces will be exerted against the rack by the cleaning action. The second type would be
a scraper or bucket suspended with cables. The bucket is hoisted topside with the debris and deposited on
the deck. The bucket will exert relatively small forces on the rack. The last type would be the continuous
belt scraper. Scrapers are attached to a flexible link chain. Driven by sprockets, the chains form a
continuous loop. This type of machine is generally used with lighter loads and smaller material. In all,
ten different trash rake manufacturers were consulted about this project, with only two exceptions, all
declined to recommend their product for this application. The most cited reason was the difficulty in
cleaning such a large semi-circular trash rack. The remaining two suppliers will require extensive
modifications to their products to meet the design criteria. Although the equipment should be fairly
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reliable, since it will be developed specifically for this application, it should be assumed that the
development cost and lead time for delivery would be greater than for a typical flat trash rack.

The recommended trash rake for this application would feature a telescoping boom as depicted on Plate
1.1.4. Machines such as this are available but would need to undergo modification, either by the supplier
or another company, to meet the specific requirements of this installation. One of the modifications
needed would add to the machine the ability to rotate about a vertical axis. There are two possible
mounting arrangements which could be used in this application. The first would be a dedicated fixed
machine at each of the SBC entrances. The second approach would be a single rail mounted traveling
trash rake capable of cleaning all three entrances. The traveling rake is the selected approach for the Type
1 channel. The first approach would be less complex than the rail mounted traveling version, however it
has the disadvantage of being more expensive overall (due to the number of units). The disadvantage of
the second approach is that it requires a more complex and heavy machine, including rails and an
additional drive motor for travel. A budgetary estimate for the fixed location machines is $482,000 each,
while the rail mounted version would be approximately $659,000. The nominal lifting capacity of the
machine would be 1,130 kilograms (2,500 pounds).

Once the debris has been removed from the rack, a means to transport the material to a convenient
location for loading onto trucks for disposal must be provided. There are a number of different concepts
which may be utilized for this task. Most have significant technological or financial drawbacks.
Concepts considered included: a continuous belt or drag conveyor, loading of the material directly from
the rake into dumpsters which would be then transported by crane, and loading of material into a rail car
(muck car). The conveyor belt approach will not be feasible for this application due in large part to the
inability of a reasonably sized conveyor to handle large pieces of material, large logs for example.
Additionally, the conveyor would need to be located on top of the channel, since the rake rails will
already be occupying the top of the upstream flotation cells. In this location the conveyor would be
blocking access to critical channel components like the dewatering screens. The second option is
impractical because of the required crane boom length. A rail mounted muck car is the recommended
method for disposal of debris. The muck car would have a nominal capacity of approximately 4,530
kilograms (5.0 tons) and would travel on the same rails as the rake. The muck car would use a car puller
to transport the car along the length of the SBC. A new small mobile crane or boom truck would be
procured to pick up the car and dump the contents into a truck.

Fish Gallery Downwell Debris Skimmer

The configuration of the existing juvenile fish gallery downwell inside the erection bay of the powerhouse
at Lower Granite presents a potential floating debris accumulation area. The cumulative effect of the
floating debris being trapped in this area could result in restriction of the downwell area hydraulics and
injury to fish as they pass through. Because the issue of primary interest is the floating material (the
entrained material will be passed downstream to the juvenile facilities), a surface skimmer system has
been developed which will rake the surface of the downwell area, depositing the material in a debris
hopper for eventual removal by use of the small crane or boom truck previously mentioned (see

Plate 1.1.4).

Due to the unique configurational constraints of the installation, it is anticipated that any commercially
available rake systems would likely require extensive modifications. More realistically, a unique design
would be developed. As configured, the proposed system would operate with a system of drive chains
and rails and would likely be automated to a timed cleaning cycle. Because the debris encountered in this
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area would be “pre-screened” by the entrance racks and the majority of the debris accumulated on the
dewatering screens would be lifted out of the conduit, the magnitude of the mechanical systems would be
modest. Chain driven screen cleaner systems currently employed in many juvenile facility dewatering
systems (e.g., Little Goose juvenile facilities primary dewatering screens) are similar in nature and these
technologies could be adapted for the debris skimmer system.

It is possible that in the future redevelopment of the fish gallery at Lower Granite will eliminate the
downwell resulting in an open channel system. In this case, the debris skimmer would not be required
since the debris would simply flush down the system on the open water surface. This is similar to the
existing gallery design at Little Goose and Lower Monumental. If this redevelopment were to occur, the
debris skimmer system could be removed if it were not required, or it could be moved to a new location
downstream at the fish handling facilities.

Hoist Systems

To facilitate the operation and maintenance of a number of components and systems on the SBC channel
and the SES, hoisting systems must be provided. The major hoisting issues are:

Installing and removing bulkhead panels on the SES at Spillbay 1
e Installing and removing screen panels for maintenance purposes at the SBC channel

e Installing and removing isolation bulkhead panels both upstream and downstream of the primary
dewatering screens inside the fish conduits

e dumping of the debris hopper for the debris skimmer located at the erection bay
e dumping of the debris hopper on the muck car for the entrance debris rake system.

The hoisting strategies for each of these items ranges from independent, dedicated systems, to a general
hoist for all lifting needs. A general approach to hoisting would be the use of a mobile crane which could
access all the items. The appropriateness of this type of strategy involves an assessment of the distance
from the crane to the load, the weight of the load, and the functionality of the application. At Lower
Granite, the Corps currently has a 50-tonne (55-ton), 4-section hydraulic boom crane which is located at
the project [11]. The crane is currently derated to 32 tonnes (35 tons) but conversion back to its rated
capacity is possible. On its outriggers (manual sections extended), the crane has the following capacities
in its 50-tonne (55-ton) configuration:

Load Radius Boom Length Capacity (Side)

12.2 m (40 ft) 32.0 m (105 ft) 7,394 kg (16,300 Ib)
15.2 m (50 ft) 32.0 m (105 ft) 6,078 kg (13,400 Ib)
18.3 m (60 ft) 32.0 m (105 ft) 4,536 kg (10,000 1b)
21.3 m (70 ft) 32.0 m (105 ft) 3,221 kg (7,100 1b)
24.4 m (80 ft) 32.0 m (105 ft) 2,268 kg (5,000 1b)

Thus, if this existing crane were utilized, the design of lifted items would be limited by this configuration.
In the following discussion of hoisting equipment for Lower Granite, reference to the ‘existing’ crane
assumes the above crane capacities. In lieu of using the existing crane, a new, larger capacity crane could
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be procured that would significantly increase the lifted load capacity, thereby gaining some design and
operational flexibility (larger, heavier items could be lifted at one time). A 181-tonne (200-ton) mobile
crane (Link-Belt Model HC-248H) would increase the lifted load capacity at the 24.4-meter (80-foot)
distance to 18,688 kilograms (41,200 pounds) or roughly 8 times. At a distance of 18.3 meters (60 feet),
this crane would have a lifting capacity of 27,352 kilograms (60,300 pounds) or roughly 6 times the
capacity of the existing crane at that distance. A budgetary price for this crane would be around $2 million
[12]. This represents a major cost item and the increased operational flexibility would have to justify this
substantial cost. Each one of the lifting issues identified above will be discussed briefly as follows:

SES Bulkhead Panels

The bulkhead panels at the SES make up the upstream wall of the SES. They are removable to allow
Spillbay 1 to pass its full design flood flow of 3,010 m*/s (106.3 kcfs). The decision to pull these panels
would be based on the predicted hydraulic capacity requirements of the project during a flood event. If the
discharge capabilities of Spillbay 1 were not required to meet discharge requirements for the project, the
panels would not be removed. Because the maximum discharge of record at the project was roughly half
the total spillway design capacity, the frequency of the removal these panels would likely be very small.
Nonetheless, a plan for removing them must be developed and must be in place as part of the emergency
action plan for the project. Based on preliminary calculations for the bulkhead panels, the panels would
weigh about 1,066 kilograms (2,350 pounds) per vertical foot of panel. The center of load is located
approximately 18.3 meters (60 feet) from the crane location on the central non-overflow section.
Placement of the crane on the spillway bridge deck is not recommended due to possible deck overload
under the outriggers. Based on this load and distance, individual 1.07 meters (3.5 feet) tall by 19.5 meters
(64 feet) long panels could be lifted with the existing crane. A specially designed lifting beam would be
required to grab the panels underwater and is included in the lifted weight. About 25 panels would be
required for the 26.8-meter (88-foot) tall opening. Using a 181-tonne (200-ton) crane, the individual
panels could be about 7.3 meters (24 feet) tall reducing the number of panels dramatically. Alternatively, a
dedicated bridge crane could be developed for the SES which would run along the top walls of the
structure. The crane would lift short panels and store them on the tops of the wall straddling the well area
of the SES. This seems rather an extravagant design and an unnecessary expense for the infrequent use
anticipated. For the SES, the use of the existing crane is recommended, unless other project requirements
would justify the purchase of a new larger crane which could then also be used for the SES.

SBC Channel Screens and Emergency Isolation Bulkhead Panels

The dewatering screens for the SBC channel are proposed as removable for the purpose of maintenance
and inspection. The proposed screen system consists of a series of vertical brush bar cleaner frames each
containing a stack of bar screen panels. Like the SES bulkhead panels, these panels can be sized to match
the equipment available for lifting them. The screens are located at a maximum of 18.3 meters (60 feet)
from the nearest lifting point on the powerhouse intake deck; therefore, the existing crane could be used
but the screen panels would have to be sized appropriately. Based on an assumed screen panel width of
3.66 meters (12 feet) and a unit weight of 170 kg/m® (35 Ib/ft?), panels as tall as 6.1 meters (20 feet) could
be lifted with the existing crane. As with the SES bulkhead panels, a special lifting beam would be
designed to grab individual panels underwater. If a new, larger crane were specified, the entire screen
panel stack could be lifted, eliminating the need for the special lifting beam and any complications
associated with its use. Since there are a number of stacks of these screens, the savings in retrieval time
could be substantial.
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The emergency isolation panels would likewise be sized for the distance to the load (about the same).
The number of panels would be governed by the crane capacity and the unit weight of the panels. A
special lifting beam would be required if underwater picks are necessary.

Fish Gallery Debris Hopper and Entrance Rake Muck Car

Both of these loads are associated with debris removal. Thus, their frequency of use is anticipated to be
much greater than for the other items described. For this reason, the appropriateness of the lifting system,
the ease of use, and the flexibility of the system is much more critical. The debris hopper at the erection
bay, as depicted on Plate 1.1.4, is close to the concrete deck of the erection bay. Thus, the lifting
requirements for this load are much simplified and could be accomplished by a substantially smaller crane
than the existing 50-tonne (55-ton) crane. However, procurement of a smaller crane, or development of a
separate dedicated lifting system would be a matter of operational flexibility. Since the debris load
anticipated may require daily (or more frequent) emptying of the hopper, a crane would be required for
this task on a long-term basis. Depending on other competing crane needs, this might create an
operational conflict at the project. Alternatives to the use of the existing crane include procurement of a
smaller crane or development of a dedicated hoisting system. For the purposes of this study, it is assumed
that a smaller 4.5- to 9.1-tonne (5- to 10-ton) boom truck or all terrain crane would be procured. This
would optimize the operational flexibility at the project. The crane would have to pick the hopper load
and carry it over the deck to allow dumping into an awaiting truck for disposal.

The issues associated with emptying the entrance rake muck car are much the same. It is assumed that the
rail system for the car would carry the car to a point near the intake deck so that a crane could hoist the
hopper to an awaiting truck for dumping. For this study, the same (new) smaller crane is proposed for
this task.

Summary of Proposed Hoist Systems Type 1 Channel at Lower Granite:

For cost estimating and maintenance discussions below, it is assumed that the existing 50-tonne (55-ton)
crane at Lower Granite will be the hoisting system for the infrequent hoisting requirements associated
with the SES bulkhead panels, the channel dewatering screens, and the conduit isolation panels. This will
require that these items be fabricated to sizes which can be lifted by this crane and that proper equipment
be supplied to facilitate picking these items from under water. A new smaller boom truck with a capacity
of 4.5 tonnes to 9.1 tonnes (5 tons to 10 tons) would be procured for the on-going debris maintenance
activities at the debris skimmer and for the entrance rake muck car.

5.1.4 Electrical Requirements

Primary Power Considerations

Providing electrical power to the motors, lights and other electrical features of the SBC components
involves an assessment of the electrical demands for the system components, identification of an
appropriate power source for the required load (capacity of the circuit and its reliability), and the
identification of a feasible method of routing the power to the point of consumption.

The major load demand for the Type 1 SBC components is found in the large number of relatively small
motors used to operate the screen cleaners, gate actuators, etc. Larger loads can be found on the trash
rake machine and muck car. Smaller miscellaneous loads (receptacles, walkway lighting, etc.) make up a
relatively small portion of the total loads on the system.
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Electrical power at Lower Granite Dam is available from a variety of sources. Spare 480-volt, 3-phase
circuits are present at both the east and the west end of the navigation lock although the amperage at the
breakers are rated lower than the anticipated loads for this system and thus are not useful for the purposes
of the SBC components. Other power sources include tapping into existing feeders in the powerhouse
area itself. Opportunities exist in the gate seal heater room at the central non-overflow section where an
existing 4,160-volt feeder can be accessed, or in the valve room in the south non-overflow section where
a similar tie-in to a 4,160-volt feeder can be accomplished. Since typical power requirements for most of
the significant loads are 3-phase, 480-volt, a transformer would typically be required to step down the
voltage. The valve room appears to have the greatest potential for development, being larger than the
gate seal heater room [13]. The valve room is at elevation 225.5 meters (740.0 feet) and is thus relatively
close to the deck elevation of elevation 228.9 meters (751.0 feet). Coring up to the deck to route power to
the SBC appears to be feasible from this area.

Power reliability is an additional concern for these systems. Power at the dam is separated into critical
and noncritical systems with electrical loads requiring the highest degree of reliability being assigned to
noninterruptible power sources. During load shedding at the project, the noncritical busses are typically
shut down while critical busses are operated on emergency power sources. It is anticipated that the SBC
facilities will typically require a high level of reliability since endangered species issues are involved.
Shutdown (even temporarily) of the SBC system due to electrical power outages (or any other reason) is
not viewed as acceptable. Thus, in general, it is felt that the SBC components will require a tie-in to the
critical system sources. The spare circuits at the east end of the navigation lock are on noncritical busses
making them less attractive. Spare circuits at the west end of the lock are on critical busses and thus are
candidates as power sources. The 4,160-volt feeders in the south and central non-overflow sections
described above are on the station power system and are critical system sources. These make attractive,
accessible sources of reliable power.

Extensive electrical cable galleries were designed originally for the routing of electrical power cabling
through the entire length of the dam. For this reason, the routing of cabling, either from the non-overflow
sections or from the navigation lock to the SBC channel area is not seen as a major issue for these
designs. As noted earlier, coring of concrete to reach the intake deck from lower areas in the south and
central non-overflow sections would be a relatively minor design and construction concern. Routing of
the power to the floating channel from the fixed intake deck would require a flexible cable system
involving festooning or similar support method.

Type 1 SBC Electrical Requirements at Lower Granite

For the Type 1 SBC described, the total electrical load is approximately 440 amperes at 480 volts
alternating current. Calculations for estimated electrical loads are provided in Attachment A. This load is
far in excess of the available spare circuits at the west end navigation lock switchgear. Because the spare
circuits at the east end of the navigation lock are noncritical busses, these cannot be utilized for this
purpose. Rather, it appears most feasible to tie into the existing 4,160-volt feeder in the valve room at the
south non-overflow section, which has the capacity and is close to the demand location. This room is 4.0
meters by 5.8 meters (13 feet by 19 feet) and should be sufficiently sized to accommodate the
transformer, primary fused switch and switchboard required to serve the Type 1 SBC electrical loads.

From the valve room, power feeders would be routed through the concrete deck via cored holes and from
there to the floating SBC channel and electrical loads at the debris skimmer and tilting control weir. On
the SBC channel, the feeders are routed to three separate motor control centers which serve the individual
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electrical demands associated with each of the three internal channel fish conduits as well as other
miscellaneous loads. A one-line diagram illustrating the electrical loads, power sources and components
for Type 1 SBC design at Lower Granite is provided on Plate 1.1.6.

Instrumentation and Controls

Despite the apparent complexity of the facilities associated with SBC channel design, the instrumentation
and controls issues are seen as relatively straightforward. The primary issues revolve around the
monitoring of liquid levels in the channel to control the settings of water control gates. Since the channel
is floating, and the primary control gate for the entire system is the Tainter gate at Spillbay 1, the control
system design would be relatively simple. Level sensors would monitor the water level inside and outside
of the SES near Spillbay 1, with a sensor located in the forebay and one inside the SES well. A
programmable logic controller (PLC) would control the Tainter gate based on input from the level sensor
inside the SES well. A rating curve would be used to define the required opening to pass the design flow
for any given head on the gate. The gate would be locked out at a maximum opening size to ensure that
excessive pressures on the channel would be avoided. Additionally, if the difference between the level
sensors inside and outside the SES reveal an excessive head differential the Tainter gate would close,
either partially or completely, to protect the channel structure. With this control scenario, the design flow
would be maintained at all times unless the head differential became excessive, generally indicating dirty
screens or entrance racks. One concern with this flow control approach may be the existing Tainter gate
motor and gear boxes. It is likely that this equipment is not rated for continuous modulating control. A
review of this equipment would need to be made to determine if modifications or replacement would be
necessary. However, modulation of the Tainter gate should, for the most part, be limited to adjustments
required in response to variations in forebay level only. This would be facilitated by the PLC
programming. Upon receiving an indication of increasing head differential, in the absence of a change in
forebay level, the PLC would first begin a screen cleaning cycle since this would be the most likely cause
of the problem. Only if this did not work and the head continued to rise would the flow rate be reduced
by reducing the Tainter gate opening. Additionally, the cleaners could be set up on a regular cleaning
cycle and/or operated manually. Likewise, the operation of the debris skimmer could be programmed
into the PLC and/or operated manually.

Because the tilting weirs in the fish transport conduit discharges freely into the gallery at all design
forebay elevations, this gate would be controlled based on level sensors or flow meters located in the
conduit upstream of the weir.

5.1.5 Operation and Maintenance Issues

System Operations

Operation of the collector and its related components is intended to rely to a great degree on automated
control systems to regulate flow through the channel, monitor screen cleaner requirements, and activate
debris maintenance at the downwell debris skimmer, as described in Section 5.1.4. Despite the
efficiencies offered by these features, operation of this relatively complex facility would likely require a
moderately high degree of attention by operations personnel to respond to changing conditions, primarily
in the area of screen cleaning and general debris maintenance. For the Type 1 SBC channel design, the
equivalent of two full-time operators are anticipated to be required to handle the daily operations of the
system. This number may increase during high debris loading periods and be reduced in low periods.
Off-season maintenance and inspection duties will likely require more concentrated efforts on the parts of
divers and other personnel performing structure inspections and maintenance.
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Corrosion Protection

Components proposed for construction and installation in the SBC system must demonstrate a 50-year
life span while in service. One of the primary issues related to longevity relates to the ability of the
components to resist corrosion, and the ease and reliability of inspection for corrosion. The large steel
structures proposed for the SBC channel are subjected to moderately corrosive environments (continual
submergence in moving freshwater) and would be difficult to maintain since removal of these large
submerged structures for periodic inspection and refinishing would not be economically feasible.
Therefore, selection of an appropriate corrosion protection system is critical.

Two basic corrosion protection systems were reviewed for the steel structures. These include
conventional organic coatings systems (painting) and cathodic protection systems. The latter includes use
of galvanic anode systems, impressed current systems, and thermal spray metal coatings.

Organic systems include a wide range of painting systems that have historically provided (successfully
and unsuccessfully) a large degree of the corrosion protection for steel structures. Typical in this category
would be a primer coat (e.g., zinc-rich urethanes) with one or more urethane top coats. The Corps has
successfully utilized a 6-coat vinyl paint system (Guide Specification CWGS-09940) for use on hydraulic
structures and this system is currently the preferred coating system for many steel hydraulic structures.
High volatile organic compound (VOC) concerns and complex application makes this system
cumbersome to install yet it has proven very successful and durable in the proper applications [14]. Paint
coatings electrically insulate the structure from the electrolytic environment thus interrupting the
corrosion cell. Success of the system depends on the continued integrity of the coating. While this type of
system can be applied at a reasonable cost during the fabrication of the structures, longevity of these
systems is typically less than 20 years with refinishing accomplished periodically as required. While a
life-cycle cost evaluation comparing paint systems to other systems would be appropriate, due to their
lack of longevity, paint systems are seen as only appropriate for components in the SBC which can be
readily removed for inspection and refinishing (e.g., the removable bulkhead panels, stop logs, screen
panel framing, etc.)

The other class of corrosion protection systems reviewed are categorized as cathodic protection systems.
These systems operate on the basis of transferring the corrosion from the protected structure to a
sacrificial material or anode (typically zinc). Galvanic anode systems utilize a replaceable sacrificial
anode on the protected structure and typically involve very low (naturally induced) driving voltages
derived from the resulting electrochemical process. Periodic replacement of the anodes is required.
Impressed current systems allow far greater driving voltages than the galvanic anodes. Voltage from an
outside source is “impressed” on the circuit between the protected structures and the anodes. The most
common source of power is the cathodic protection rectifier or D.C. power supply. Impressed current
systems are inherently more complex than galvanic systems and typically require more maintenance.
While relatively commonly applied by various districts (e.g., Mobile District), the need to ensure
continued operation of the system is imperative. Experience with long-term application of impressed
current has often resulted in failure of the impressed current system before failure of the associated paint
system has occurred. Common for both the galvanic anode and impressed current systems is the need to
assure that all protected structure parts are electrically connected. If a conventional paint system is
utilized in conjunction with these systems (typical), each painted part must be electrically connected to
assure protection. For a large complex steel structure with many fabricated parts (many bolted after
fabrication), this is a daunting task. While technically feasible, these two cathodic protection systems are
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not viewed as reasonable alternatives for the large continually submerged (non-removable) steel
structures forming the SBC channel system.

The final cathodic protection system reviewed is known as thermal spray metal coating (thermal spray) or
historically as metalizing. Thermal spray metal coatings are depositions of metal which have been melted
immediately prior to projection onto the substrate. The metals used and the application systems vary, but
typical applications result in thin coatings of sacrificial metals being applied to surfaces requiring
corrosion protection. While not as common as paint, sprayed metal coatings have been used for a number
of years and exposure tests have proven them to be extremely durable and superior to conventional paint
coatings. Uses have included protection of steel offshore drilling platforms, protection of ships in the
U.S. Navy fleet, and by the Corps for protection of steel hydraulic structures where a wear-resistant, low
maintenance system is required [15]. Typical metals applied in these systems are zinc and aluminum and
commonly an 85/15 (zinc/aluminum) alloy is employed in freshwater applications. While similar to hot-
dip galvanizing in protection theory, thermal spray systems attain a much higher level of purity due to the
absence of contaminating elements typically found in the hot-dip process, and unlike hot-dip galvanizing
which is limited by dipping tank sizes, thermal spray coatings are applied in much the same environment
as conventional sprayed paint systems. Initial application cost has historically been an issue with these
coatings, being as much as twice as expensive as conventional paint systems, and application of thermal
spray metal coatings can take longer. However, these costs are being reduced dramatically through use of
larger 4.8 millimeters (3/16 inch) wire systems and may soon approach the cost of painting. Minor
damage to thermal spray coatings is most often not a concern since the cathodic action of the surrounding
coating will dominate the electrolytic environment resulting in very little if any corrosion of small
exposed bare metal areas. Where low maintenance requirements control, these systems are very attractive
and present a very competitive system with practical protection possible (depending on the coating
design) for as much a 50 years.

The use of zinc as a component of the thermal spray coating is an issue which may cause some concern,
and should be addressed. Exposure to zinc in certain environmental conditions is documented to be toxic
to many fish species, especially salmonids. This has been identified as a problem in confined
environmental exposures, such as fish hatcheries and aquariums, where fish are confined for long periods
with limited water turnover rates. Toxic levels for salmonids in these applications have been cited as
0.01milligram per liter [mg/1] [16], and 0.03 mg/l [17]. In the relatively high-velocity, high-flow
conditions represented in the SBC channel design it is very unlikely that levels such as these could ever
be created by the coating system. To establish even the more conservative concentration of 0.01 mg/l in a
flow of 170 m’/s (6,000 cfs) would require that the channel structure release approximately 4.5 tonnes
(4.9 tons) of zinc into the water per month. If the thermal spray coating was being leached off the
structure at even a tiny fraction of this rate it would not function as a protective coating for very long.
Additionally, the fish which pass through this system are not confined, and in fact would spend less than a
couple of minutes in the bypass system if they are moving at the design water velocity. In spite of these
facts, given the sensitive nature of fish toxicity concerns, and the apparent advantages the thermal spray
system could offer for long-term corrosion protection, it may be prudent to conduct a controlled test of
fish exposure to these conditions before making a final decision to either use or not use a thermal spray
coating system.

Based on the above discussions, the following corrosion protection measures are proposed for the
components described for the SBC channel. For nonremovable, nonstainless steel structures and
components with low or no maintenance opportunities (submerged), an 85/15 thermal sprayed system
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with a colored seal coat is proposed, assuming concerns about zinc concentrations are adequately
addressed. These structures would include the proposed channel structure in the forebay, the debris and
channel caisson at the south end, the SES, and the cutoff wall located below the channel. Periodic
inspection by divers would monitor the integrity of these structures over the life of the system. Internal
components and accessories which are removable could receive a conventional paint system or
galvanizing in lieu of the thermal spray coating if cost savings justified this. The removable bulkhead
panels in the SES for example, could be painted.

Debris Maintenance

Maintenance of water borne debris in and around the SBC channel is a relatively significant operational
issue. The semi-circular debris racks and trash rake system described in Section 5.1.3 will exclude the
larger debris, however, smaller floating and neutrally buoyant debris would inevitably be entrained in the
channel flow. This debris will accumulate on the horizontal (or sloped) floor surfaces, become impinged
on the screens, or be carried with the flow into the smaller channels and eventually to the juvenile
collection facilities. The objective of debris maintenance activities would be to minimize the impacts of
the debris on the operations of the facility by staying ahead of the debris rather than eliminating it
completely. The vertical brush bar screen cleaning system should remove a relatively significant portion
of small debris (aquatic weeds, thistles, etc.) from the flow path, but some of the debris would continue on
and remain entrained in the flow.

Floating debris in the channel will likely accumulate at the downwell where the fish transport flow enters
the powerhouse. The downwell debris rake, described in Section 5.1.3, would be periodically deployed to
remove floating material in that area.

Accumulations of debris in the bottoms of the channel would likely occur in the lower velocity areas in
the channel entrance and adjacent to the primary screen panels. It is assumed that divers would be
required to dispense with this material at the end of the operational season. Inclusion of maintenance
“trap” doors in the floors of these areas would assist in this removal activity allowing debris to be pushed
through the openings and out of the channel. The alternative would be to have the material mucked out
from above with nets and cranes. Even if trap doors are provided, a certain amount of mucking out may
still be required due to the shear size of the channel.

Because a large portion of the channel is effectively screened from debris by the dewatering screens,
these areas would likely not require a lot of attention. Similarly, the SES, which discharges the screened
flow from the channel, would not likely accumulate a great deal of debris. Flushing of the SES would be
possible by removing the upstream bulkhead panels of the SES and opening the Tainter gate.

Inspection

Inspection of the large submerged steel structures described for the SBC channel system is only
reasonably accomplished by divers. These structures would include the SBC channel, the SES, the steel
caisson at the erection bay, and the cutoff wall located under the channel. Remotely operated vehicles
(ROVs) could be employed with video monitoring equipment to perform these inspections, but restricted
visibility due to degraded water quality (turbidity) and the angular and irregular nature of much of these
structures makes this equipment somewhat cumbersome to use from a practical standpoint. The proposed
thermal spray coating system for the submerged steel structures should make inspection of these
structures straightforward and less intensive than might be expected with a lesser coating system.
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Some of the higher maintenance items are proposed as being completely removable for inspection,
maintenance and cleaning. The screen cleaning system including the brush bars and the entire guide track
frame structure, for example, would be completely removable.

If the fused attachment described in Section 5.1.2 is installed between the channel and the guides, the
shear pins should be inspected by divers annually. Pins which appear to be damaged should be replaced
in kind and mill certification provided for the high-strength steel material to document the actual shear
capacity of the pin.

Routine inspection of the ESBS system is anticipated throughout the fish season. The magnitude and
scope of these inspections is well documented and are expected to remain the same.

Mechanical Systems

Maintenance of the major mechanical systems will be greatly enhanced by the good access to the critical
mechanisms. The drive mechanisms for the screen cleaning equipment are above the water surface and
thus readily inspectable and serviceable. This is also the case for the debris rake equipment at the
entrances and at the fish gallery downwell. Normal periodic maintenance for this equipment is assumed.
Since machinery is available which is specifically designed for these types of applications, a high level of
reliability is anticipated.

5.1.6 Construction Issues

Fabrication/Installation Strategies

Several fabrication/installation strategies could be adopted for the construction of the SBC channel and
the SES. Because Lower Granite is barge-accessible, and since a strong fabrication presence exists in the
Northwest region with good marine access, the use of barges for the conveyance of large pre-assembled
components is attractive from a fabrication/installation viewpoint. A particular advantage lies in the
ability to pre-assemble the channel components in a more controlled shop environment rather than at the
job site. For example, proper fit-up and alignment of screens and internal panels is critical to the
performance of cleaning equipment. The quality of the corrosion protection system would also be better
if it were applied in a controlled environment before transport to the site, and if the field assembly were
limited to bolting (i.e., no field welding). Pre-fabricated channel sections as long as 3.05 meters (10 feet)
or more could conceivably be pre-assembled and transported by barge to the site for final installation.
Barging equipment with capacities of 3,175 tonnes (3,500 tons) is available and would be ample for this
work. Use of the area around the navigation locks could be used for staging and bolting of the channel
sections prior to floating to the face of the powerhouse for final installation.

Alternatively, assembly of the SBC channel components could be undertaken at the job site. Trucking of
panelized subassemblies is feasible for panels up to 5.0 meters (16.5 feet) wide without road closures,
however, height restrictions would not allow for fully pre-fabricated channel sections to be trucked.
Barging of these subassemblies would also obviously be feasible. A site-based final assembly shop
(either on shore or on a barge) would be capable of bolting and a certain amount of welding. Cranes
would be employed to allow placement of the smaller assemblies in the water for final assembly
underwater by divers.

Installation of the concrete caissons for support of the cutoff wall (at the bottom of the forebay) will
require a unit outage for Unit 6, and possibly Unit 5. If bedrock is encountered at the desired locations for
the caissons, direct placement of tremie concrete inside a submerged steel shell would be performed.
Otherwise, jetting and pumping of excavated material from inside the caissons may be feasible to sound
material, with subsequent placement of tremie concrete. The concrete caisson would then be rock
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anchored to the underlying bedrock material. The lower panel of the cutoff wall, after shore (or barge)
assembly, would be lowered into place and temporarily secured until arrival of the channel section
outfitted with the braced upper wall section.

Similar issues are of consideration for the SES. The proposed large steel panels should be fabricated in
sections as large as can be transported and handled efficiently at the site. Final assembly of the panels
would occur at the site where they would be bolted to the face of the spillway piers utilizing rock bolts or
large anchor bolts. Installation of the tremie concrete fill would follow.

At the erection bay monolith, routing of the fish transport conduit from the SBC channel to the existing
fish collection gallery in the dam will require the removal of portions of the forebay wall (see Sections C
and D on Plate 1.1.4). Since this area is normally submerged, removal of this concrete would either need
to be accomplished underwater or in the dry behind a dewatering caisson. Removal of the concrete
underwater would not be feasible since the downstream side of the wall would then be flooded to full
forebay elevation which is not acceptable. Rather, it is proposed that the steel caisson designed for the
final installation be installed prior to concrete removal and utilized during the concrete removal process.
Some additional bulkheading would be required at the caisson penetration where the connection would
ultimately be made to the floating structure. Diamond wire sawing of the concrete into manageable
pieces would facilitate removal through the open top of the caisson.

Ultimately, the design of these structures should allow for flexibility in construction to accommodate a

variety of fabrication/installation strategies to improve the bidding environment during the construction
phase. Common to all of the construction activities would be the need for a relatively large amount of

diver work. The goal would be to limit this work to assembly of bolted connections since recoating of

painted or cathodically protected surfaces underwater is not seen as a reasonable undertaking.

Construction Sequencing

Major construction sequencing for the installation of the SBC channel components is constrained by the
requirements of powerhouse and spillway operations including flood protection, downstream fish passage
protection (mandated spill), and spill shaping to enhance upstream passage and navigation. In addition,
construction activities in the river near the project are severely restricted from mid-April to mid-
December to ensure that migrating fish are not disturbed by construction noise, degraded water quality
due to construction, or blocked or otherwise compromised passage routes. The remainder of the year
(mid-December to mid-March) is identified as the in-water work window for construction at the project.
Unit outage and spillbay blockage opportunities, and less restrictive construction requirements in terms of
water quality and noise are examples of construction impacts that are allowed during this period.
Exceptions to this work window, however, are assumed to include construction activities that do not
impact existing protection measures. This distinction might allow work to proceed on portions of the
project that do not interfere with migrating fish.

Installation of the major portions of the SBC channel in the forebay is envisioned to take place during the
work window identified above. Construction would progress along the face of the powerhouse requiring
periodic unit outages to allow work to proceed in front of unit intakes. To optimize this effort, sections of
the channel could be assembled remotely from the powerhouse (for example in the area of the navigation
lock) and floated to the face of the powerhouse for attachment to the powerhouse and connection to the
rest of the channel. Final finish work could proceed independently of powerhouse operations.
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There may be an advantage from a fish passage protection standpoint to sequence the work starting at the
spillway end of the channel and progressing toward the lower number powerhouse units. If it were not
possible to complete construction of the channel during a single 3-month work window, which is likely,
the channel could be operated in a nonscreening or emergency bypass mode during the fish passage
season. The channel would need to be bulkheaded at the upstream end (where construction ended) and
the completed entrance(s) opened to allow downstream migrants to enter the SBC and pass through to
Spillbay 1. Because no screening would be involved, much of the internal mechanical and electrical
features (screen cleaners, screen panels, control weirs, etc.) would not need to be installed at this point. It
may in fact be possible to construct the channel shell and internal walls for the entire length of the SBC
during the in-water work window so that all three entrances would be available in the nonscreening mode.
Alternatively, the channel could be assumed to be non-operational during the fish passage months while
internal construction work is completed so that the channel could be put into operation mid-season or the
following April.

Work on the SES at Spillbay 1 could be conducted relatively independently of project operations except
during periods of high spill or if spill shaping required use of Spillbay 1 during the fish migration season.
Because Spillbay 1 is not specifically associated with current downstream juvenile fish passage (except as
related to spill), it is assumed that work on this structure would be relatively unencumbered by the work
window. However, because Spillbay 2 and perhaps Spillbay 3 would also need to be shutdown for safety
during construction of portions of the SES, this would require a relatively close review of the project
operational impacts discussed above. Assuming that operational issues can be resolved, it is conceivable
that work could be started on the installation of the large steel panels (walls and floor) of the SES prior to
December 15. Most of this work would be relatively benign from a fish disturbance standpoint. During the
work window period, more sensitive construction activities could be conducted. This would include the
tremie concrete installation. With use of anti-milking agents in the concrete mix, the water quality concerns
can be minimized although not eliminated. Completion of the SES would be required during the first work
window season if temporary full flow bypass (nonscreened) operation of the SBC channel were desired.

Construction Duration

Fabrication of the SBC channel and SES components shown for the Type 1 design at Lower Granite
should take 3 to 5 months. Installation of the SES should take about 3 months. Installation of the channel
to a fully operational condition should take 5 to 7 months.

5.1.7 Construction and O&M Costs
Total estimated cost of engineering design and construction for a Type 1 SBC system at Lower Granite is
$61,449,000 in 1998 dollars. A cost breakdown is presented in spreadsheet format on the following page.
Annual O&M costs are estimated as follows:

Maintenance

Mechanical/electrical components $236,700

Structural components $133,900
Operations

Labor requirements $160.000
Total annual O&M $530,600

These O&M costs do not include costs associated with O&M of the existing ESBS diversion system,
juvenile fish facilities, or transportation costs. Biological study costs also are not included.
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LOWER SNAKE RIVER S.B.C. SYSTEM COMBINATIONS - CONCEPT DESIGN REPORT
CONCEPTUAL

PROJECT:
DESIGN STATUS:

TYPE 1 SBC - FULL POWERHOUSE SBC (with Existing ESBS) - LOWER GRANITE LOCK AND DAM

DATE: Nov-

ESTIMATOR: PJC

98

CHECKED BY: RGW

ITEM : : UNIT TOTAL
NO. ITEM DESCRIPTION QUANTITY] UNIT COSsT COST
{1 SBC CHANNEL
Channel Structure (extetior floor and walls) 11,400 M2 710 8,094,000
interior Conduit Structures (floors and walls minus screens) M2 710 3,415,100
Miscellaneous Walkways, Roof Structures, Trash Racks, Bulkhead Panels (% of cosls above) $ 1,150,910
Channel Flotation Cells : M 6,980 3,490,000
Dewatering Screen Panels (removable panels stainless stee! wedge-wire screen with spare panels 1,245 W 1,470 1,830,150
Screen Cleaners (verticat brush cleaners) 40 EA 40,000 1,600,000
Channel Entrance Debris Rake System 1 LS 659,000 659,000
Emergency Bypass Doors and Tilting Control Weirs 120 ¥ 1,640 196,800
Cutoff Wall {includes foundation) 460 M2 1,170 538,200
Structural Support and Guide System 223 Tonne 5,000 1,115,000
ITEM SUBTOTAL 22,089,160
2 SPILLWAY EXTENSION STRUCTURE
Structure Floor and Wall Panels 780 M2 1,550 1,178,000
Bulkhead Panels 670 R 540 361,800
o ITEM SUBTOTAL 1,539,800
@ 3 CHANNEL CONDUIT CONNECTION TO GALLERY (AT ERECTION BAY)
& Steel Caisson and Related Structures 160 M2 1,530 244,800
A Concrete Removal 55 o 1,330 73,150
Miscellanecus {Debris Skimmer, Hopper, Existing Caisson Removal, New Gale) i LS 170,000 170,000
ITEM SUBTOTAL 487,950
4  MISCELLANEOUS
Trash Shear Boom Relecation 1 15 75,000 75,000
Existing Prototype SBC Channel and Prototype BGS Removal and Disposal 2770 Tonne 800 2,493,000
8.1-Tonns Boom Truck 1 EA 200,000 200,000
Eiectrical Requirements 1 LS 530,100 530,100
ITEM SUBTOTAL 3,298,100
Subtotal Direct Construction Costs 27,415,010
CONSTRUCTION RELATED COSTS
Mobitization/Demabilization $ 1,370,751
General Contractors Overhead and Profit $ 7.628.227
CONSTRUCTION SUBTOTAL 36,413,987
Construction Contingency $ 9,103,497
TOTAL CONSTRUCTION COSTS 45,517,484
PLANNING AND ENGINEERING % 10,241,434
CONSTRUCTION MANAGEMENT 3 5,689,685
|TOTAL ESTIMATED COST OF CONSTRUCTION (IN 1998 DOLLARS) | $61,448,603|
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Appendix E

5.2 Little Goose: Full Powerhouse SBC (with Existing ESBS) - SBC
Type 1

The layout of the existing powerhouse and spillway at Little Goose is very similar to the layout at Lower
Granite. Therefore, the general arrangement and operation of the Type 1 SBC channel at Little Goose is
the same as was described for Lower Granite, with a few minor exceptions. Plans and details of this
design are included on Plates 1.2.1 through 1.2.4, in Section 5.6. The exceptions are discussed below,
and the effects they have on specific design details are discussed in the following sections.

One difference between Lower Granite and Little Goose is that the existing juvenile fish bypass gallery at
Little Goose does not include a downwell. Rather, the entire gallery bypass system operates as an open-
channel flow. Since the open-channel transport flow from the SBC conduit will be merged directly into
this gallery flow, there is no one location where small floating debris would likely accumulate.

Therefore, there is no need at Little Goose to include a debris skimmer at this location. The hydraulics
associated with the merging of the SBC flow and the existing juvenile gallery flow is discussed in
Section 5.2.1.

The location of the adult fish ladder exit at Little Goose is farther south of the powerhouse than is the case
at Lower Granite. The ladder exit is incorporated into the navigation lock monolith, to the south of the
south non-overflow section. As a result, the SBC channel does not extend in front of the fish ladder exit
at Little Goose. The channel does, however, extend in front of the intake for the ladder attraction water
turbine-pump, which is incorporated into the erection bay. This should not present a problem since the
intake is located at a depth well below the channel flotation cell, and the wall of the channel would be far
enough away from the intake so as not to cause a hydraulic problem. The erection bay at Little Goose
extends upstream to an extent requiring that the SBC channel include a boxed-out portion to
accommodate it. The reduced cross-sectional area of the channel at this location should not present a
problem because the flow in this area is small.

An operational difference between Lower Granite and the other three projects (including Little Goose) is
that only Lower Granite is operated as a flood control project. Therefore, the forebays at Little Goose,
Lower Monumental, and Ice Harbor are never currently drawn down below the MOP elevation. This
could reduce the length required for the channel attachment guides. However, for the purposes of this
investigation it has been conservatively assumed that the guides at all four projects are the same length,
allowing for a reservoir draw down to 9 feet below MOP. This would accommodate potential future
changes in the operating procedures at these projects, and is reflected in the drawings and cost estimates.

One final difference between Lower Granite and the other three projects is that Lower Granite has a
number of existing items in the forebay which need to be removed or relocated to facilitate installation of
anew SBC. These items, which are not present at the other projects, include an SBC prototype with an
SWI attached, a BGS prototype, and a forebay trash shear boom. Consequently, although none of these
items effect the design of the SBC itself, the cost of installing any of the SBC designs described in this
report at Lower Granite, for this reason alone, would be greater than installing an identical facility at the
other three projects.

5.2.1 Hydraulics

Hydraulic characteristics of the Type 1 SBC installed at Little Goose are nearly identical to the Type 1
SBC installation at Lower Granite. The exception lies with the connection to the existing fish gallery.
The SBC fish transport flow merges with the gallery flow on the outside and near the downstream end of
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a 90-degree bend in the gallery (see Plate 1.2.2). As a consequence, the gallery flow is converging on the
zone that the SBC flow is emerging from. This could further aggravate mixing and yield a rough
transition. It is proposed that a shroud or shell could be used to turn the SBC flow, aligning it with the
gallery flow, and at the same time matching the SBC flow velocity to the gallery velocity. The two flows
could then be merged with minimal mixing and shear. Considering the concentrations of juvenile fish in
both flows, optimizing hydraulics appears to be desirable. A thin walled shroud should be used to
minimize trailing separation zones. The shroud might be molded out of plastic or ABS material much
like that used in kayak fabrication. The centerline radius of the included bend should be at least five
conduit widths long. The shroud would converge on the gallery flow, however by using a gradual
convergence and by rounding all corners on the shroud, adverse influences on the gallery flow should be
minimized.

5.2.2 Structural Design

Structural design issues for the Type 1 SBC at Little Goose are the same as those described for Lower
Granite in Section 5.1.2, with one exception. The straight-line fetch length of the river upstream of the
dam at Little Goose is longer than at Lower Granite. At Little Goose, the fetch length is about 10.5
kilometers (6.5 miles), whereas at Lower Granite the fetch is only about 3.2 kilometers (2.0 miles). The
result of the longer fetch is the potential for larger wind-driven waves and wave loading. The wave
height and wave length associated with fully developed waves resulting from a 113-km/hr (70-mph) wind
over a 10.5-kilometer (6.5-mile) fetch are 1.62 meters (5.3 feet) and 28 meters (93 feet), respectively.
The resulting wave load on a vertical wall extending 21.3 meters (70 feet) deep is 74 kN/m (5,100 1b/ft),
compared to 19 kN/m (1,300 Ib/ft) at Lower Granite. This greater wind load is similar to the design ice
loading at either project and should not effect the design considerations for the fused attachment.
Additionally, the sustained wind required to mobilize the design wave described for Little Goose would
be a much rarer event than that which would be required at Lower Granite. For a 113 km/hr (70 mph)
wind to fully mobilize the fetch at Little Goose would require that it be sustained for 80 minutes, whereas
mobilizing the shorter fetch at Lower Granite would require only 36 minutes of sustained design wind.

5.2.3 Mechanical Requirements

As with the other design issues, mechanical requirements for the Type 1 SBC design at Little Goose are
the same as described for Lower Granite with the exception that Little Goose does not require a debris
skimmer. Details concerning the mechanical requirements for this design can be found in Section 5.1.3.

Hoisting issues are the same as at Lower Granite except that since there is no debris skimmer, there is no
debris hopper to be unloaded. Because Little Goose has the same 50-tonne (55-ton), 4-section hydraulic
boom crane that Lower Granite has, use of this crane for the various loads associated with a Type 1

design would be appropriate. A boom truck was included for Lower Granite due to the relatively frequent
light loads associated with unloading the debris hopper. Since there is no debris hopper to unload, no
boom truck is specified for Little Goose. It is anticipated that the raking of the entrance trash racks will
be a relatively infrequent process and would not justify the expense of dedicated hoist equipment for the
muck car.
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5.2.4 Electrical Requirements

Primary Power Considerations

Except for the lack of a debris skimmer in the juvenile gallery, the electrical loads for the Type 1 SBC at
Little Goose are the same as for those for the Type 1 SBC at Lower Granite (see Section 5.1.4) and total
approximately 430 amperes at 480 volts ac. Calculations for estimated electrical load are provided in
Attachment A.

A reliable source of power is available at 4160 volts from the Station Service Switchgear Room located in
the erection bay on Floor 3 [18]. A new cubicle and breaker would be added to existing switchgear in this
room. From there, a 4,160-volt feeder would be routed to the XJ Breaker Gallery on the 7th floor where
there would be sufficient room to add a load interrupter switch, transformer and secondary breaker. From
this location, 480-volt power would be routed up through the concrete deck via cored holes and from
there to the floating SBC channel. Distribution of power on the SBC channel would be similar to that
described for the Type 1 SBC at Lower Granite. A one-line diagram illustrating the electrical loads,
power sources and components is provided on Plate 1.2.4.

Instrumentation and Controls

Instrumentation and controls issues for the Type 1 SBC at Little Goose are the same as at Lower Granite
except that the debris skimmer shown for Lower Granite is not required thereby reducing system
complexity to a minor degree.

5.2.5 Operation and Maintenance Issues

O&M issues for the Type 1 SBC channel design at Little Goose are very similar to those at Lower
Granite. Because there is no debris skimmer, it is estimated that there would be a reduction of
approximately one-half equivalent worker for operation of the facility. Therefore, a total equivalent of
one and one half full-time operators are anticipated to be required to handle the daily operations of the
system.

5.2.6 Construction Issues

Construction issues for installation of the SBC channel and related components at Little Goose are
expected to be similar to those at Lower Granite. The project layout and operation is similar with slightly
better accessibility possibilities for barging since there are fewer lockage events required to reach this
project from the lower river.

Construction sequencing and construction durations would likewise be similar to Lower Granite as in-
water work windows are the same and since the scope of the construction work is similar.
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5.2.7 Construction and O&M Costs

Total estimated cost of engineering design and construction for a Type 1 SBC system at Little Goose is
$53,787,000 in 1998 dollars. A cost breakdown is presented in spreadsheet format on the following page.
Annual O&M costs are estimated as follows:

Maintenance

Mechanical/electrical components $224,200

Structural components $131,100
Operations

Labor requirements $120.,000
Total annual O&M $475,300

These O&M costs do not include costs associated with O&M of the existing ESBS diversion system,
juvenile fish facilities, or transportation costs. Biological study costs are also not included.

5.3 Lower Monumental: Full Powerhouse SBC (with New ESBS) —
SBC Type 1

The layout of the existing powerhouse and spillway at Lower Monumental is very similar to the layout at
Lower Granite, but is reversed in the north-south direction. At Lower Monumental, the powerhouse is
located to the north of the spillbays. Therefore, other than the layout being reversed, the general
arrangement and operation of the Type 1 SBC channel at Lower Monumental is the same as was
described for Lower Granite, with a few minor exceptions. Plans and details of this design are included
on Plates 1.3.1 through 1.3.4, in Section 5.6. The exceptions are discussed below, and the effects they
have on specific design details are discussed in the following sections.

As is the case at Little Goose, the existing juvenile fish bypass gallery at Lower Monumental does not
include a downwell. Rather, the entire gallery bypass system operates as an open-channel flow. Since the
open-channel transport flow from the SBC conduit will be merged directly into this gallery flow, there is
no one location where small floating debris would likely accumulate. Therefore, there is no need to
include a debris skimmer at this location. The hydraulics associated with the merging of the SBC flow
and the existing juvenile gallery flow is discussed in Section 5.3.1.

Other aspects of the Type 1 SBC design at Lower Monumental which are similar to Little Goose, but
different than Lower Granite, are the location of the adult fish ladder exit relative to the channel, and the
lack of a flood drawdown forebay elevation. At Lower Granite, the ladder exit is located behind the
channel, as noted earlier, whereas at Lower Monumental, it is located north of the channel resulting in
clear passage upstream from the exit. With regards to forebay elevations, the operation of Lower
Monumental does not call for flood drawdown of the reservoir, resulting in potential savings in the
channel attachment requirements. Moreover, the operating range variation of the Lower Monumental
forebay is only 0.914 meter (3.0 feet), as opposed to 1.52 meters (5.0 feet) for Lower Granite and Little
Goose, which could result in even greater savings in the attachment requirements.
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PROJECT:

BESIGN STATUS: CONCEPTUAL

LOWER SNAKE RIVER S.B.C. SYSTEM COMBINATIONS - CONCEPT DESIGN REFPCRT

TYPE 1 8BC - FULL POWERHOUSE SBC (with Existing ESBS) - LITTLE GOOSE LOCK AND DAM

DATE: Nov-

ESTIMATOR: PJC

98

CHECKED BY: RGW

ITEM UNIT TOTAL
NO. ITEM DESCRIPTION QUANTITY| - UNIT COST COST
{ 8BC CHANNEL
Channel Structure {exterior fioor and walls} 11,400 M 710 8,094,000
Interior Conduit Structures (floors and walls minus screens) M2 710 3,308,600
Miscellansous Walkways, Roof Structures, Trash Hacks, Bulkhead Panels (% of costs above) $ 73 1,140,260
Channel Flotation Cells M 8,980 3,490,000
Dewatering Screen Panels {(removable panels stainless steel wedge-wire screen with spare panels 1,245 M2 1,470 1,830,150
Screen Cleanears (verlical brush cleaners) 40 EA 40,000 1,600,000
Channel Entrance Debris Rake System 1 LS 659,000 659,000
Emargency Bypass Doors and Tilting Control Weirs 120 M2 1,640 196,800
Cutoff Wall {(includes foundaticn} 460 M2 1,170 538,200
Structural Suppert and Guide System 182 Tonne 5,000 810,000
ITEM SUBTOTAL 21,767,010
2 SPILLWAY EXTENSION STRUCTURE
Structure Floor and Wall Panels 760 M2 1,550 1,178,000
Bulkhead Panels 670 2 540 361,800
ITEM SUBTOTAL 1,539,800
3 CHANNEL CONDUIT CONNECTION TO GALLERY (AT SOUTH NON-OVERFLOW SECTION,
Steel Caisson and Related Structures 76 kg 1,630 116,280
Concrete Removal 30 ME 1,330 39,900
ITEM SUBTOTAL 156,180
4  MISCELLANEOUS
Electrical Requirements 1 LS 533,860 533,860
ITEM SUBTOTAL 533,860
Subtolal Direct Construction Costs 23,996,850
CONSTRUCTION RELATED COSTS
Mobilization/Demobilization [N 1,199,843
Goneral Contractors Overhead and Profit $ 6,677,124
CONSTRUCTION SUBTOTAL 31,873,816
Construstion Contingency 31,8 $ 7,968,454
TOTAL CONSTRUCTION COSTS 39,842,270
PLANNING AND ENGINEERING $ 8,964,511
CONSTRUCTION MANAGEMENT $ 4,980,284
[TOTAL ESTIMATED COST OF CONSTRUCTION (IN 1998 DOLLARS) |  $53,787,065|
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5.3.1 Hydraulics

Hydraulic characteristics of the Type 1 SBC installed at Lower Monumental are nearly identical to the
Type 1 SBC installations at Lower Granite and Little Goose. The exception again lies with the
connection to the existing fish gallery. The SBC fish transport flow at this site is merged with the gallery
flow in a gallery section that should have fairly well aligned flow, as shown on Plate 1.3.2. This location
minimizes local flow concentrations and consequently offers potential for more stable merging
hydraulics. Use of a shroud, as proposed for Little Goose, could again be used to further optimize flow
merging. The shroud would align the SBC flow with the gallery flow and at the same time match flow
velocities. The two flows could then be merged with minimal mixing and shear. The centerline radius of
the included bend should again be at least five conduit widths long.

To optimize the ESBS design, the new ESBS should be evaluated in a single turbine intake model with an
SBC-shaped box included since the SBC will modify the hydraulic field at the ESBS. The Lower
Monumental turbine intake configuration is nearly identical to Little Goose and quite similar to Lower
Granite. As a consequence, previous studies that developed the ESBS installations at those sites may give
guidance to selection of design features (including screen porosity) for Lower Monumental. Knowledge
gained from the experience of operating ESBS systems at these facilities (both positive or negative)
should be used to further optimize the new design. Recognizing the importance of these hydraulic
features and their influence on potential fish impingement and collection, care should be taken to optimize
the ESBS design and the ESBS porosity. This may require additional hydraulic modeling. Modeling of
the ESBS design should use a single turbine intake model of sufficient scale (approximately 1:12) to
allow detailed evaluation of the velocity fields on the ESBS face and in the gate well entrance.

5.3.2 Structural Design
SBC Channel and SES

Structural design issues for the Type 1 SBC at Lower Monumental are the same as those discussed for
Lower Granite in Section 5.1.2, with one exception. The straight-line fetch length of the river upstream
of the dam at Lower Monumental is about 5.6 kilometers (3.5 miles). This is longer than the fetch at
Lower Granite, but is considerably shorter than at Little Goose. The resulting wave loading would be less
than was described in Section 5.2.2 for Little Goose, and considerably less than the design ice loading.
Therefore, although the wave loading could potentially be somewhat greater than at Lower Granite, it
would not affect the fuse pin attachment design previously described.

ESBS Intake Diversion System

The structural design of the ESBS systems is assumed to be the same as for previously constructed ESBS
systems at other projects. No major structural modifications will be required to accommodate the screens.
Modifications to add a gate to the handrails around the intake deck openings will be required since the
gantry crane cannot lift the screens fully to clear the existing handrails. Also, handrail modifications to
accommodate the dogging beams and devices will be required [19].

5.3.3 Mechanical Requirements

As with the other design issues, mechanical requirements for the Type 1 SBC design at Lower
Monumental are the same as described for Lower Granite with the exception that like Little Goose, Lower
Monumental does not require a debris skimmer. There are also additional mechanical issues related to the
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new ESBS system and hoisting as described below. Other details concerning the mechanical
requirements for this design can be found in Section 5.1.3.

Hoist Systems

Hoisting issues are the same as at Lower Granite except that since there is no debris skimmer, there is no
debris hopper to be unloaded. Lower Monumental has a 32-tonne (35-ton), hydraulic boom crane which
is smaller than those at either Lower Granite or Little Goose. On its outriggers, the crane has the
following capacities:

Load Radius Boom Length Capacity (Side)

12.2 m (40 ft) 34.1m (112 ft) 5,625 kg (12,400 1b)
15.2 m (50 ft) 34.1m (112 ft) 4,718 kg (10,400 1b)
18.3 m (60 ft) 34.1m (112 ft) 3,629 kg (8,000 1b)
21.3 m (70 ft) 34.1m (112 ft) 2,858 kg (6,300 1b)
24.4 m (80 ft) 34.1m (112 ft) 1,996 kg (4,400 1b)

These load capacities are between 75 percent and 90 percent of those for the bigger cranes at Little Goose
and Lower Granite. Thus, if this existing crane were utilized, it would be necessary to either reduce the
magnitude of the loads for the removable channel components. Alternatively, a larger crane could be
procured. This would be an issue for final design. This decision may be influenced by the fact that the
32-tonne (35-ton) crane is older and has been somewhat problematic to operate [20]. Since no debris
skimmer is required at Lower Monumental, no boom truck is specified.

ESBS System

The typical ESBS designs at other projects include a screen cleaner made up of a vertically sweeping
brush bar driven by a 5-horsepower motor. The bar sweeps debris across the length of the screens and
into the intakes where it is carried away. It is assumed that this design will also be appropriate at Lower
Monumental.

5.3.4 Electrical Requirements

Primary Power Considerations

The electrical loads for the Type 1 SBC at Lower Monumental are the same as those for the Type 1 SBC
at Little Goose (i.e., as described for Lower Granite in Section 5.1.4, but without the debris skimmer) and
total approximately 430 amperes at 480-volt alternating current. Calculations for estimated electrical load
are provided in Attachment A.

A reliable source of power is available from the 4,160-volt switchgear located in the Station Service
Switchgear Room located in the erection bay on Floor 3 at about elevation 135.3 meters (444 feet) [20].
A new cubicle and breaker would be added to existing switchgear in this room. From there, a 4,160-volt
feeder would be routed to the service gallery near Spillbay 8 at about elevation 165.8 meters (544 feet)
where there would be sufficient room to add a load interrupter switch, transformer, and secondary
breaker. From this location, 480-volt power would be routed up through the concrete deck via cored
holes and from there to the floating SBC channel. Distribution of power on the SBC channel would be
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similar to that described for the Type 1 SBC at Lower Granite. A one-line diagram illustrating the
electrical loads, power sources and components is provided on Plate 1.3.4.

ESBS Intake Screens

Each of the 18 new ESBS installations specified to replace the existing submerged traveling screens
systems has a 5-horsepower motor to drive the integrally designed brush bar screen cleaning system. This
motor size is equal to the screen drive motor on the existing traveling screens and, based on experiences
at Lower Granite and Little Goose, the electrical loads are similar [21]. Thus, no additional 480-volt
electrical power requirements are anticipated for the new screens. The new screens do require limit
switches and PLCs to control the operation of the brush bar; these loads, however, are minor.

Instrumentation and Controls

Instrumentation and controls issues for the Type 1 SBC at Lower Monumental are the same as at Little
Goose except for the PLCs for the ESBS installations as discussed above.

5.3.5 Operation and Maintenance Issues

O&M issues for the Type 1 SBC channel at Lower Monumental are virtually identical to those at Little
Goose. A total equivalent of one and one half full-time operators are anticipated to be required to handle
the daily operations of the SBC system. O&M issues related to the new ESBS system would be similar to
those currently experienced with ESBS systems at other projects, and are well documented by
maintenance records. Additional O&M costs are considered insignificant since they would be similar to
those currently associated with the existing STS system.

5.3.6 Construction Issues

Construction issues related to the installation of the Type 1 SBC channel components at Lower
Monumental are similar to those at the other projects. With less lockage events, barge access is slightly
better than at Lower Granite and Little Goose. Construction access and staging is expected to be similar.

The magnitude of construction activities at Lower Monumental associated with the installation of new
ESBS intake screens will be quite limited compared to those associated with the SBC channel. Screen
installation issues are expected to be similar to ones encountered at other projects where they have
previously been installed. Because no major retrofit of existing facilities is anticipated to accommodate
the screens, and because most of the construction activities involve fabrication off site, no major
disruptions of project operations will likely occur, except to install and remove the screens. Some
operational testing of the screens may be required to confirm screen porosities and other screen hydraulic
performance characteristics. Testing and adjusting of the ESBS cleaner equipment may also be required.
Consequently, some limited unit outages may occur. The installation of these screens would likely be
accomplished during the in-water work window so as not to impact fish collection capabilities at the
project.

5.3.7 Construction and O&M Costs

Total estimated cost of engineering design and construction for a Type 1 SBC system at Lower
Monumental is $53,750,000 in 1998 dollars. The estimated cost for replacing the existing STS intake
diversion system with a new ESBS system is an additional $16,058,000. A cost breakdown is presented in
spreadsheet format on the following two pages. Annual O&M costs are estimated as follows:
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Maintenance

Mechanical/electrical components $224,200

Structural components $131,100
Operations

Labor requirements $120.000
Total annual O&M $475,300

These O&M costs do not include costs associated with operation and maintenance of the ESBS diversion
system, juvenile fish facilities or transportation costs. Biological study costs are also not included.

5.4 Ice Harbor: New ESBS Intake Screens

The turbine intakes at Ice Harbor are currently outfitted with a STS diversion system. System
Combination 1 calls for these existing screens to be replaced by a new ESBS diversion system. The
issues related to the change-out of the screening systems are addressed in Section 5.3 where a new ESBS
system is added in conjunction with installation of a Type 1 SBC at Lower Monumental. Issues specific
to Ice Harbor are described as follows.

5.4.1 Hydraulics

Intake screen performance is in part dependent on the specific turbine intake design with its associated
hydraulics; and the length, porosity, and orientation of the screen. Either excessive or insufficient head
differentials may be generated across the intake screen, which may generate excessive or insufficient flow
into the gate well and through the VBS. This could result in excessive flow through the VBS with
potential for fish impingement or ineffective fish guidance into the gate well. Addition of an ESBS
diversion system to the Ice Harbor intakes constitutes use of a intake screen design in a turbine intake that
is significantly different than the intakes at the other Snake River structures. To ensure proper operation,
the proposed ESBS design should be evaluated in a single turbine intake model of sufficient scale
(approximately 1:12) to allow detailed evaluation of the velocity fields on the ESBS face and in the gate
well entrance.

5.4.2 Structural Design

Structural design issues related to the new ESBS system at Ice Harbor are as described in Section 5.3.2
for the new ESBS system at Lower Monumental.

5.4.3 Mechanical Requirements

Mechanical design issues related to the new ESBS system are as described in Section 5.3.3 for the new
ESBS system at Lower Monumental. No new hoisting equipment is anticipated for Ice Harbor related to
this new construction.

5.4.4 Electrical Requirements

Electrical requirements for the new ESBS are similar to those for the existing traveling screens and no
additional electrical power considerations are anticipated. See Section 5.3.4 for a discussion on electrical
requirements for the new screens as related to Lower Monumental.
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PROJECT:

DESIGN STATUS: CONCEPTUAL

TYPE 1 SBC - FULL POWERHOUSE SBC - LOWER MONUMENTAL LOCK AND DAM

LOWER SNAKE RIVER 8.B.C. SYSTEM COMBINATIONS - CONCEPT DESIGN REPORT

DATE: Nov-98

ESTIMATOR: PJC

CHECKED BY: RGW

ITEM UNIT TOTAL
NO. ITEM DESCRIPTION QUANTITY| UNIT COST COSsT
1 SBC CHANNEL
Channel Structure (exterior floor and walls) 11,400 M 710 8,094,000
Interior Conduit Structures (fleors and walls minus screens) 4,660 710 3,308,600
Miscellaneous Walkways, Roof Structures, Trash Racks, Bulkhead Panels (% of costs above) 0 % 1,140,260
Channel Flotation Cells 500 M 6,980 3,490,000
Dewatering Screen Panels (removable panels stainless stesl wadge-wire screen with spare panels 1,245 M2 1,470 1,830,150
Screen Cleaners {vertical brush cleaners) 40 EA 40,000 1,600,000
Channel Entrance Debris Rake System i LS 659,000 659,000
Emergency Bypass Doors and Tilting Control Weirs 120 (¥ 1,640 196,800
Cutoff Wall {includes foundation) 450 2 $,170 526,500
Structural Support and Guide System 185 Tonne 5,000 925,000
ITEM SUBTOTAL 21,770,310
2 SPILLWAY EXTENSION STRUCTURE
Structure Floor and Wall Panels 760 ¥ 1,550 1,178,000
Bulkhead Pansls 670 M2 540 361,800
ITEM SUBTOTAL 1,539,800
3 CHANNEL CONDUIT CONNECTION TO GALLERY (AT NORTH NON-OVERFLOW SECTION|
Steel Caisson and Related Structures 76 kg 1,530 116,280
Concrete Removal 18 (¥ 1,330 19,950
ITEM SUBTOTAL 136,230
4  MISCELLANEOUS
Electrical Requirements 1 LS 533,860 533,860
ITEM SUBTOTAL 533,860
Subtotal Direct Construction Costs 23,980,200
CONSTRUCTION RELATED COSTS
Mobilization/Demobilization $ 1,199,010
General Contractors Overhead and Profit % 6,672,491
CONSTRUCTION SUBTOTAL 31,851,701
Construction Contingency g 7,962,925
TOTAL CONSTRUCTION COSTS 39,814 626
PLANNING AND ENGINEERING $ 5%. 8,958,294
CONSTRUCTION MANAGEMENT $ % 4,976,828
[TOTAL ESTIMATED COST OF CONSTRUCTION (IN 1998 DOLLARS) | $53,749,745|

App EfAnnex Bfcost spreadsheet.alaType 1 - b
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5.4.5 Operation and Maintenance Issues

Based on previous experience with intake diversion screen systems, the O&M requirements associated
with ESBS systems are similar to requirements associated with STS systems. Therefore, replacing the
existing STS system with a new ESBS system should not result in a significant change in annual O&M
requirements at Ice Harbor.

5.4.6 Construction Issues

Construction of the ESBS screens at Ice Harbor will be same as described for Lower Monumental in
Section 5.3.6.

Construction Duration

Fabrication and installation of the ESBS system should take 7 to 8 months based on previous
fabrications/installation experience [22].

5.4.7 Construction and O&M Costs

Total estimated cost of engineering design and construction for a new ESBS intake diversion system at
Ice Harbor is $16,058,000 in 1998 dollars. A cost breakdown is presented in spreadsheet format on the
following page. Annual O&M costs should be essentially unchanged from the existing costs associated
with the STS intake diversion system.

5.5 Combination Summary

5.5.1 Combined Construction Issues

The construction aspects of the combined system of SBC channels and other components at the four
projects appear to have little impact on each other. A few issues, however, are worth considering. One is
in the development of experience in design, construction, and fabrication practices. Since so many of the
components are similar from dam to dam, there may be a benefit to stage construction and design so as to
draw from the experiences at previous project installations. A single contractor engaged for all the
construction work would likely be able to resolve issues at subsequent projects more efficiently based on
previous experience. Should scheduling pressures dictate a more accelerated construction and design
schedule, these benefits would be reduced. There may also be cost benefit from a contracting viewpoint.
For example, a single supplier of 36 ESBS screen systems (18 each for Lower Monumental and Ice
Harbor) may provide a better price than 2 contractors supplying 18 screens each.

5.5.2 Summary Construction and O&M Costs

The total combined estimated engineering design and construction cost for the System Combination 1
design is $202,102,000 in 1998 dollars. Additional costs will likely be incurred if prototyping and/or
major hydraulic modeling efforts of system components are deemed to be required, as is discussed in
Section 4.2. Some savings in cost may be experienced due to efficiency of repetitive design and
construction, as discussed in Section 5.5.1. However, this potential savings has not been estimated as part
of this report.
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PROJECT: LOWER SNAKE RIVER S.B.C. SYSTEM COMBINATIONS - CONCEPT DESIGN REPORT
DESIGN STATUS: CONCEPTUAL

DATE: Nov-98
ESTIMATOR: PJC

CHECKED BY: RGW
NEW EXTENDED LENGTH SUBMERGED BAR SCREENS - ICE HARBOR LOCK AND DAM
ITEM UNIT TOTAL
NO. ITEM DESCRIPTION QUANTITY] UNIT COST COST
1 ESBS INTAKE DIVERSION SCREENS
Installation of ESBS Diversion Screens 18 EA 398,000 7,164,000
ITEM SUBTOTAL 7,164,000
Subtotal Direct Construction Costs 7,164,000
CONSTRUCTION RELATED COSTS
Mobilization/Demobilization [ 358,200
General Contractors Overhead and Profit 8 1,993,383
CONSTRUCTION SUBTOTAL 9,515,583
Construction Contingency $ 2,378,896
TOTAL CONSTRUCTION COSTS 11,884,479
PLANNING AND ENGINEERING $ 2,676,258
CONSTRUCTION MANAGEMENT 3 1,486,810
[TOTAL ESTIMATED COST OF CONSTRUCTION (IN 1998 DOLLARS) $16,057,545]
=
?’
-3
N
DEIS/E - Major Sys ImpCamRey/a tArmex Bicost spreadshoet xls/ESBS - lec Hasbor
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A summary of the estimated costs by project is shown below.

Estimated Engineering Design and Construction Cost — System Combination 1

Estimated

Project Description Construction Cost
Lower Granite Type 1 SBC (with existing ESBS) $61,449,000
Little Goose Type 1 SBC (with existing ESBS) $53,787,000
Lower Monumental Type 1 SBC $53,750,000
Lower Monumental New ESBS $16,058,000
Ice Harbor New ESBS $16,058.000
System Combination Subtotal ~ $201,102,000
Feasibility Studies $1,000.,000

Total Estimated Construction Cost $202,102,000

The total annual O&M costs for System Combination 1 are estimated to be $1,481,200 in 1998 dollars.
These O&M costs represent estimated increases in annual requirements and do not include existing costs
associated with O&M of the intake diversion screen systems, existing juvenile fish facilities, or
transportation costs. Biological study costs are also not included. A summary of the SBC O&M costs by
project is shown below.

Estimated SBC Operation and Maintenance Cost — System Combination 1

Project Description Estimated O&M Cost
Lower Granite Type 1 SBC (with existing ESBS) $530,600
Little Goose Type 1 SBC (with existing ESBS) $475,300
Lower Monumental Type 1 SBC (with new ESBS) $475,300
Ice Harbor New ESBS $0
Total Estimated Annual O&M Cost $1,481,200

5.5.3 Implementation Schedule

An implementation schedule is included below. The assumptions and rationale used for development of
the implementation schedule is provided. The implementation schedule includes time for hydraulic
model testing as appropriate, preliminary design, preparation of construction contract documents, and
construction. The implementation schedule assumes no funding or manpower restraints. Such restraints
would likely impact the schedule included herein.

Lower Granite Dam

The implementation schedule assumes that hydraulic model testing would occur in the year 2000. The
model testing would include testing of dewatering features of a surface collector used for fish
transportation. A prototype surface collector construction contract may then be prepared in the year 2001.
The prototype would be used for testing various dewatering schemes to determine biological impacts on
fish due to dewatering. Also, the prototype may be used to investigate various screen-cleaning strategies.
Construction of the prototype would be scheduled for year 2002. Data would then be collected in the year
2003. The implementation schedule assumes that dewatering and screen cleaning will both be found
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feasible from an engineering and biological perspective. Preliminary and final designs leading to
development of a construction contract for a final SBC at Lower Granite would then be prepared in the
years 2003 and 2004. Construction of the SBC would occur in the years 2005 and 2006. The surface
collector would be operational in the year 2006.

Little Goose Dam

It is assumed that final design of an SBC structure at Little Goose Dam would not proceed until one year
of testing at Lower Granite Dam is complete. The operation of the Lower Granite SBC would provide
data useful for development of an improved SBC at Little Goose Dam. Also, the need for additional SBC
structures downstream of Lower Granite could be reconsidered. Preliminary and final design leading to
development of a construction contract would be scheduled for years 2007 and 2008. Construction would
be scheduled for years 2009 and 2010. The surface collector would then be operational in the year 2010.

Lower Monumental Dam

It is assumed the lessons learned during the first year following completion of the Lower Granite SBC
could also be applied at Lower Monumental. Therefore, the implementation schedule for the SBC
structure would be the same as for Little Goose. The implementation schedule for the new ESBSs would
be identical to that described for Lower Monumental under Combination 1A.

Ice Harbor Dam

The new ESBSs would be installed under the same schedule as described for Combination 1A.

5.6 System Combination 1 Drawings

Drawings depicting the SBC designs which form System Combination 1 are included on the following
pages. These drawings include:

SBC Type 1 — Lower Granite

Plate 1.1.1 — SBC Type 1 — Full Powerhouse SBC (Existing ESBS) - Site Plan
Plate 1.1.2 — SBC Type 1 — Unit 1/2 Entrance - Plan and Sectional Elevation
Plate 1.1.3 — SBC Type 1 — Sections

Plate 1.1.4 — SBC Type 1 — Sections and Details

Plate 1.1.5 — SBC Type 1 — Spillbay 1 - Section

Plate 1.1.6 — SBC Type 1 — Electrical One-Line Diagram

SBC Type 1 — Little Goose

Plate 1.2.1 — SBC Type 1 — Full Powerhouse SBC (Existing ESBS) - Site Plan
Plate 1.2.2 — SBC Type 1 — Unit 1/2 Entrance - Plan

Plate 1.2.3 — SBC Type 1 — Sections

Plate 1.2.4 — SBC Type 1 — Electrical One-Line Diagram

SBC Type 1 — Lower Monumental

Plate 1.3.1 — SBC Type 1 — Full Powerhouse SBC (New ESBS) - Site Plan
Plate 1.3.2 — SBC Type 1 — Unit 1/2 Entrance - Plan

Plate 1.3.3 — SBC Type 1 — Sections

Plate 1.3.4 — SBC Type 1 — Electrical One-Line Diagram
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RECRIRED TO PREVENT EXCESSIVE HEAD DIFFERENTIAL IN THE

CHANNEL .

L3 & FALSE VMLL COULD BE ATTACHED UNDER THE SES TO REGUCE OR

Y RE-ENTRAMT EFFECTS DURIMG FULL SPILL OPERATION,

iF THIS I\‘ALL 15 FOUND TO BE BENWEFICIAL, FINAL DIMENSIONS WOULD
BE DETERMINED THROUGH HYDRAULIC WMODELING.

EXISTING
TAWTER GATE
NGTE 2

UMLESS OTHERWISE MOTLD, DRALMENWS IRE SHOKN M METERS.
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CHANNEL WIOTH

FRIGARY DEWATERNG SCREENS:

NN,

REMIVABLE
BULKHEAD PRNEL #

BaTToM OF )
CHANNEL EL-05

HOTES:

I. DEPTHE AND VELOCITIES ARE APPROXMATE AND MUST BE
ADJUSTED ON BASS OF FINAL DESIGN HYDRAULIC ANALYSIS.

2. VELOCITIES ARE AT ARROW HEAD TP,

LHANNEL DEFTH
THRANSITION
WALL (HOTE 3}

3, SINCE THE 2.3m (10 FTI CHANNEL DEPTH IS AIREOUIREMENT

ONLY |d FRONWT OF THE TIJRBINE LINITS, ﬂND SINCE
THE CHANNEL DEFTH CAM BE REDLUCED IN FRONT O

THE FRECTION BAY DUE TO THE SHALLDWER EOIHPMENT
CONFIGURATIONS, THE CHAMMEL DEFTH SCHITH O

LH0T 15 REDUCEDR TO APPROX. HALF DF THE HEST oF
THE CHANMEL,

4. CHANNEL STRUCTURAL BRACING, WALKWAYS, RODF
STRUCTURES AND OTHER EQUIFMENT NOT SHORN.

WLFSS JTHERISE MOTED, CRADCRONS ARE SHIMN W METERS.

el s
! QU5 WG FTi

CILS TS T N
e TR A TIe S TFEV TR ITTIRINTT ITTT S M T AT TTETRRm
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(P III! AR

REFEMEHEL FEES: EOLGORCT, $L1GPTL BARNA

*35E3[3 10 UONNGLUSIP JOJ JON "JUSWITIOP JJEIp [EUOSDap-21d —!


Sandy Yu



¢8-944d

TRASHRAKE CLEARANCE

ANKEL SUPFORT SINDE
{TYFIHEEE NOTE}

IWERT VARIES

CX THRUSS
/fstss P

FLITATION

L A6 ET)

ATTACHUMENT ARM

! WiTH FUSE Pi

|~ CHANNEL
WALL (TYP)

[-FIFE BRACIHNG
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FLOTATION
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o Fr
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AT UNIT 6 ISEE PLATES
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FLOATING SBC
CHANKEL (SHIMN
AT MAKPOOL

NOTE

STRUCTURAL BRACING AWD OTHER MEMBERS ARE SHOWN FOR
CONCEPT OMLY. INTERMAL BRACING AND DECK TRUSS OCCUR

AT PER SUPPGRT LOGCATIONS (APPROX. 9 (30 FT) INTERYALS
ALONG THE CHANNELL RDOF STRUCTURES, WALKWAYS AND
ECUIPMENT WOT SHOWN.
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b ¥
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