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PUBLIC INVOLVEMENT IN THE SOR PROCESS

The Bureau of Reclamation, Corps of Engineers, and Bonneville Power Administration wish to
thank those who reviewed the Columbia River System Operation Review (SOR) Draft EIS and
appendices for their comments. Your comments have provided valuable public, agency, and tribal
input to the SOR NEPA process. Throughout the SOR, we have made a continuing effort to keep
the public informed and involved.

Fourteen public scoping meetings were held in 1990. A series of public roundtables was
conducted in November 1991 to provide an update on the status of SOR studies. The lead agencies
went back to most of the 14 communities in 1992 with 10 initial system operating strategies
developed from the screening process. From those meetings and other consultations, seven SOS
alternatives (with options) were developed and subjected to full-scale analysis. The analysis
results were presented in the Draft EIS released in July 1994. The lead agencies also developed
alternatives for the other proposed SOR actions, including a Columbia River Regional Forum for
assisting in the determination of future SOSs, Pacific Northwest Coordination Agreement
alternatives for power coordination, and Canadian Entitlement Allocation Agreements
alternatives. A series of nine public meetings was held in September and October 1994 to present
the Draft EIS and appendices and solicit public input on the SOR. The lead agenciesreceived 282
formal written comments. Your comments have been used to revise and shape the alternatives
presented in the Final EIS.

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

The Columbia River: A System Under Stress

The Columbia River System: The Inside Story

Screening Analysis: A Summary

Screening Analysis: Volumes 1 and 2

Power System Coordination: A Guide to the Pacific Northwest Coordination
Agreement _

Modeling the System: How Computers are Used in Columbia River Planning

Daily/Hourly Hydrosystem Operation: How the Columbia River System Responds to
Short-Term Needs

Copies of these documents, the Final EIS, and other appendices can be obtained from any of the
lead agencies, or from libraries in your area.
Your questions and comments on these documents should be addressed to:

SOR Interagency Team
P .O. Box 2988
Portland, OR 972082988




Flood Control Appendix

PREFACE: SETTING THE STAGE FOR THE SYSTEM OPERATION REVIEW

WHAT IS THE SOR AND WHY IS IT BEING
CONDUCTED?

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

limited water resources in the Columbia River Basin.

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

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

The comprehensive review of Columbia River
operations encompassed by the SOR was prompted
by the need for Federal decisions to (1) develop a
coordinated system operating strategy (SOS) for
managing the multiple uses of the system into the
21st century; (2) provide interested parties with a
continuing and increased long—term role in system
planning (Columbia River Regional Forum); (3)
renegotiate and renew the Pacific Northwest Coor-
dination Agreement (PNCA), a contractual arrange-
ment among the region’s major hydroelectric—gen-
erating utilities and affected Federal agencies to
provide for coordinated power generation on the
Columbia River system; and (4) renew or develop

new Canadian Entitlement Allocation Agreements
(contracts that divide Canada’s share of Columbia
River Treaty downstream power benefits and obliga-
tions among three participating public utility districts
and BPA). The review provides the environmental
analysis required by the National Environmental
Policy Act (NEPA).

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

WHO 1S CONDUCTING THE SOR?

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

HOW IS THE SOR BEING CONDUCTED?

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

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

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

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

The three—phase analysis process is described
briefly below.

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

e Screening—Work groups, involving regional
experts and Federal agency staff, were

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

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

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

For detailed information on alternatives presented
in the Draft EIS, refer to that document and its
appendices.

i FINAL EIS
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WHAT SOS ALTERNATIVES ARE CONSIDERED
IN THE FINAL EIS?

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

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

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

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

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

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

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

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

SOS 5b Natural River Operation draws down the
four lower Snake River projects to near river bed
levels for four and one—half months during the
spring and summer salmon migration period, by
assuming new low level outlets are constructed at
each project.

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

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

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

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

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

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

WHAT DO THE TECHNICAL APPENDICES
COVER?

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

A. River Operation Simulation

B. Air Quality
C. Anadromous Fish & Juvenile Fish
Transportation

D. Cultural Resources
E. Flood Control

F. TIrrigation/Municipal and Industrial
Water Supply

G. Land Use and Development
H. Navigation

I. Power

Recreation

Resident Fish

Soils, Geology, and Groundwater
Water Quality

Wildlife

Economic and Social Impacts

Mo zZER R -

Canadian Entitlement Allocation
Agreements

)

Columbia River Regional Forum

R. Pacific Northwest Coordination Agree-
ment

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

T. Comments and Responses

Each appendix presents a detailed description of the
work group’s analysis of alternatives, from the
scoping process through full—scale analysis. Several
appendices address specific SOR functions

(e.g., River Operation Simulation), rather than
individual resources, or the institutional alternatives
(e.g., PNCA) being considered within the SOR. The
technical appendices provide the basis for develop-
ing and analyzing alternative system operating
strategies in the EIS. The EIS presents an inte-
grated review of the vast wealth of information
contained in the appendices, with a focus on key
issues and impacts. In addition, the three agencies
have prepared a brief summary of the EIS to high-
light issues critical to decision makers and the
public.

There are many interrelationships among the differ-
ent resources and river uses, and some of the appen-
dices provide supporting data for analyses presented
in other appendices. This Flood Control appendix
relies on supporting data contained in Appendices A
and O. For complete coverage of all aspects of
Flood Control, readers may wish to review River
Operation Simulation (ROSE) and Economic and
Social Impacts appendices in concert.

iv FINAL EIS
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CHAPTER 1

INTRODUCTION

1.1 ISSUES AND CONCERNS RAISED DURING
THE SCOPING PROCESS

The Corps of Engineers, Bonneville Power Adminis-
tration, and Bureau of Reclamation (the three
operating agencies) conducted a scoping process
consisting of a series of regionwide public meetings
and solicitation of written comments in the summer
of 1990. Comments on flood control issues were
received from all parts of the Columbia River basin.
The following includes issues raised in the public
scoping process, as well as those brought for consid-
eration by members of the Flood Control Work
Group (FCWG). The work group members’ issues
tended to be specific rather than general; whereas,
those from the public were both.

1.1.1 General Discussion

Most commenters felt that flood control was an
important SOR priority, though a few advocated its
reevaluation in light of its impact of fish and wildlife.
One individual recommended eliminating flood
control (including the dams). - Others addressed the
need to fine—tune planning and forecasting tools in

order to make flood control drawdowns/water releases

more efficient and predictable.

1.1.2 Specific Comments

There were many individual issues identified by the
public as well as by members of the work group.
They are listed below. Some of the items brought in
by the public were outside the scope of the FCWG’s
task (these are identified with the notation “n/a”).
Disposition of each of the remaining items is noted
in parentheses at the end of each item.

1.1.2.1 Priority concerns

* Evaluate the role of flood control and consid-
er flood control tradeoffs in the system

operations (addressed through SOS formula-
tion)

+ Flood control capability should be addressed
and optimized (reflected in study).

» Consider weather forecasting abilities in
relation to flood control storage (being
addressed by northwest agencies in response
to Northwest Power Planning Council’s fish
and wildlife program).

1.1.2.2 Fisheries and flood control

e An SOR pamphlet implied that flood control
reservoirs helped fish when they actually
impeded them (addressed through SOS
formulation).

* Change flood control for fish passage flow
improvements (addressed through SOS
formulation).

* Recommend investigating alternative levels
of flood control storage and analyzing how
excess storage could be used to meet other
system objectives, especially instream flows
(addressed through SOS formulation).

* Recommend a continental design for flood
control and various water uses (n/a)

¢ Recommend stopping all development in
flood—prone areas and moving people and
their works out of such areas to begin a
return to a native ecosystem (n/a)

1.1.2.3 Local concerns

» The Snake River and its storage facilities are
already operated at their maximum efficiency
and provide benefits including flood control,
and therefore time should be spent to com-
bat problems generated downstream (ad-
dressed through SOR scoping).
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+ Request timely rehabilitation of the Tri—Cities
region’s levees and Federal shore lands and
consideration of a long—term solution of the
flooding potential of the Yakima River (n/a).

« Does potential removal of levees along the
river in Tri—Cities jeopardize flood control

(n/a)?

e Lake Koocanusa should be at full pool by
1 June and drawdown not started until 1 Oc-
tober (addressed through SOS formulation).

+ Flood control is more important downstream
than at Libby (addressed through SOS for-
mulation).

1.1.2.4 Planning/forecasting

¢ Recommend EIS address problems of inaccu-
rate runoff forecasting and conservative flood
control rule curves (underway outside of
SOR).

e More risk should be assumed in flood control
planning to gain higher probabilities of
reservoir refill (SOS premise is that level of
flood protection is not compromised).

» Improve reliability of runoff forecasting
(underway outside of SOR).

¢ Early season releases for flood control are in
opposition to all other uses; need to consider
innovative ways to reduce flood hazards
(Economics Work Group addressing flood
mitigation).

¢ Releases for flood control operations should
be considered within the availability of stor-
age capacity in downstream reservoirs; deci-
sions should be made to maximize the avail-
ability of water against the results of a slight
error in control of all flood waters (addressed
through SOS formulation).

¢ Flood control rule curves for Dworshak and
Brownlee should be altered to provide water
for downstream fish (addressed through SOS
formulation).

e  Spring drawdown to mitigate floods should
be closely related to winter snowpack to
avoid excess drawdown (addressed through
FCWG analysis).

e Want Snake River federal projects released
from the flood control rule curves to allow
flows for fish, especially in low water years

(n/a).

« Evaluate lower Snake flood control rule
curves to shift flood control responsibility to
Columbia River projects (addressed through
System Configuration Studies).

1.1.2.5 Payment for flood benefit

e Benefits from flood control accrue principally
to downstream users; EIS should develop
mechanisms so that governments behind the
storage reservoirs are provided with an
equitable share of the benefits (n/a).

1.2 WORK GROUP FORMATION AND SCOPE
OF ITS EFFORTS

The Flood Control Work Group (FCWG) was
formed of representatives of the COE, BPA, and
USBR, who as a group developed the initial logic for
screening SOR alternatives. Other interest groups
with a knowledge of and interest in flood control
operations (BC Hydro, PNUCC, NWPPC, Idaho
Power, Idaho Department of Water Resources, U.S.
Fish and Wildlife Service, Washington Department
of Ecology, and the Association of Lower Columbia
Flood Control Districts) were added to the FCWG
to incorporate a broader perspective in the analysis
and reporting on the screening of SOR alternatives
and ensuing descriptions and analysis of the System
Operating Strategies (SOS) and the corresponding
impacts to existing flood control objectives. The
work group is also called upon to: 1) ensure that
modeling is performed in accordance with prescribed
operating rule curves; 2) identify potential sources of
errors; 3) assess results for flood control violations;
and 4) coordinate with other workgroups on com-
mon issues. The FCWG is charged with reviewing
the Columbia River SOSs as determined under the
SOR process and determining the effect each has on

1-2 FINAL EIS

1995



Flood Control Appendix

current flood control capability at various locations in
the Columbia River Basin. These SOSs were
compared, relatively, to the no—action SOS. The
no—action SOS will ultimately be compared to the
existing level of flood control protection. An assump-
tion for SOR is that the current level of flood
protection will not be compromised, and mitigation
will be used, if necessary, to maintain that level of
protection. Evaluation of mitigation costs will be
performed by the Economics Work Group.

1.3 STUDY PROCESS

The study process is made up of two components:
screening and full scale analysis. The objective of
each is the same — to identify the flood control
impact of a wide variety of system operating objec-
tives. The screening process used a methodology to
approximate the flood control impacts, because a
large number of alternatives had to be evaluated in a
short time. This methodology used mean monthly
flow as a computational time step and relied on only
five years to establish a statistical sample. Details of
the screening process can be found in “Screening
Analysis, Volume 1, Description and Conclusions.”
In contrast, the full scale analysis utilized a daily
computational time step to better define the flood
hydrograph, and it used a 50—year study database.
Frequency curves were derived according to the
standards set forth in the Water Resources Council’s
Bulletin #17B. This methodology provided a much
more clear and accurate picture of flood impacts.

1.3.1 Screening Analysis

In the workgroup evaluation, comments acquired
during SOR scoping meetings were gathered and
incorporated. All 90 screening alternatives were
evaluated using a spreadsheet which took monthly
flows from the hydroregulating model (HYDROSIM
or HYSSR) and estimated annual peaks and
associated damages at key damage centers. A
combined meeting of all the workgroups was held
and the 90 alternatives were distilled down to six
major system operating strategies (later expanded to
seven) which were then formulated in detail for full
scale analysis.

1.3.2 Full Scale

The study process began with the monthly modeling
of the SOR alternatives and strategies with the

50 year HYDROSIM regulator model which com-
putes reservoir outflows and elevations. These data
were then input into a detailed model of the Columbia
River operated on a daily time step. The monthly
streamflows and pool elevations served as a guide to
simulate 50 years of daily flood control regulation
through the use of SSARR/AUTOREG, a model
that simulates reservoir operations and floodwave
movement in a river system. The final product is a
set of flow—frequency curves for each of the seven
control points and two reservoir elevations defined
in paragraph 2.2.3. These curves were used by the
Economics Work Group to determine expected
annual damages for the corresponding damage
centers. A more complete description of the dam-
age centers can be found in the Economics Work
Group appendix.
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CHAPTER 2

FLOOD CONTROL IN THE COLUMBIA BASIN TODAY

2.1 HISTORIC PERSPECTIVE ON FLOOD
CONTROL

2.1.1 Historic Floods

The Columbia River historical runoff record at The
Dalles, dating from 1879 through the present, reveals
6 years in which daily peak unregulated flows ex-
ceeded 900,000 cubic feet per second (cfs) (25,000
cubic meters per second, m3/s) at The Dalles: 1880,
1894, 1948, 1956, 1972, and 1974. The current major
damage flow is 600,000 cfs (21,200 m3/s). The largest
daily peak in recent history, (999,000 cfs, 28,000
m3/s, based on 1980—Ilevel inflows) occurred on May
30, 1948 and was largely unregulated because virtually
no upstream storage was available. The 1948 flood,
throughout the region, resulted in 38 deaths, de-
stroyed 5,000 homes, left 35,000 homeless, forced
evacuation of 100,000, flooded 251,000 acres,
breached 13 levees, and caused $103 million in
damage (1948 dollars). Oregon’s second largest city
at the time, Vanport, on the Columbia River opposite
Vancouver, Washington, was destroyed. (DOE-
BP-7, U.S. Government Printing Office:
1981—-796—874, “Columbia River Power for the
People”, p.159). In 1972 and again in 1974, floods of
roughly the same magnitude as 1948 occurred if
unregulated peaks are compared. However, these
two events were regulated by upstream storage (most
of which was added after 1948 as part of the Columbia
River Treaty; see paragraph 2.1.3) to below major
damage level. The largest flood of record at The
Dalles was the 1894 flood, which inundated the city
for approximately 60 days. Notable floods have
occurred at tributary sites in the basin, sometimes
independent of the total basin flood. For example,
the largest flood of record on the Flathead River in
Montana was in 1964, and in 1933 at Spalding on the
Clearwater River, ID.

2.1.2 Early Flood Control Planning

Section 1 of the River and Harbor Act of January 21,
1927 directed that surveys be made in accordance
with the recommendations of House Document No.
308, Sixty—ninth Congress, first session. Under
“308” authority, a comprehensive report on the
Columbia River and minor tributaries was prepared
and submitted to Congress in 1932 and was pub-
lished as House Document No. 103, Seventy—third
Congress, first session. Although a flood control plan
was not contemplated at this time, the report recom-
mended a 10—dam plan of development on the
Mainstem Columbia River. In 1948, a review of the
“308” report was published. This report was much
more comprehensive in that it summarized the
studies of present and anticipated future needs of all
parts of the basin for flood control and other uses. A
comprehensive plan developed by the USBR was
reviewed and corroborated the 1948 Review Report.
The Corps and the Bureau reached agreement on
jurisdiction for construction and on plans for coordi-
nated system operation of the projects for multiple
purposes. The Corps would build the mainstem
reservoirs whose primary functions were power,
flood control, and navigation. The Bureau would
build the upstream reservoirs and facilities whose
functions were primarily for irrigation and power.
BPA would market the electrical energy. This review
report of 1948 was published as House Document
No. 531, Thirty—first Congress, second session. This
study was underway when the 1948 flood occurred,
which served to reinforce the importance of the
document.

Changing social and economic conditions in the
basin led to yet another review report, published in
1958. The report developed a plan identified as the
Major Water Plan, which was considered to encom-
pass most of the remaining project and practicable
opportunities within the United States portion of the
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Columbia River basin. The potential for develop-
ment within the Canadian portion of the basin was
recognized, but no consideration was given to its
development because this was a matter requiring
international study.

2.1.3 Columbia River Treaty

On September 16, 1964, the U.S. and Canada
ratified the Columbia River Treaty (Treaty) which
formed the basis for major hydropower—related
developments on the Columbia River system. Under
terms of the Treaty, four water storage projects were
built: Mica, Arrow (Hugh Keenlyside), and Duncan
in Canada; and Libby in the U.S. The combined
active storage of these projects is approximately 25
million acre—feet, which more than doubled the
previously existing storage capability of the system.
This action led to the development of the Columbia
River Treaty Flood Control Plan completed in draft
form in 1968, and finalized in 1972. This plan pro-
vides the basis for current flood control operations.

2.1.4 Standard Project Flood (SPF)

In general terms, the standard project flood (SPF)
may be defined as a hydrograph representing runoff
from the standard project storm (SPS) and snow-
melt. The standard project storm for a snowmelt—
based SPF is based on estimates of the most critical
combinations of snow, temperature, and water losses
considered reasonably characteristic of the region.
The system SPF was most recently developed in
1969, and reflects all of the current Treaty projects.
The unregulated peak flow for the SPF at The
Dalles is 1,550,000 cfs (43,896 m3/s) and the regu-
lated peak flow is 900,000 cfs (23,789 m3/s). Further
information on the SPF and Probable Maximum
Flood is available in: Memorandum Report, Colum-
bia River Basin, Lower Columbia River Standard
Project Flood and Probable Maximum Flood, Sep-
tember 1969, U.S. Army Engineer Division, North
Pacific, Portland Oregon. A

2.2 FLOOD CONTROL GUIDANCE

A task force established by the U.S. and Canadian
entities in 1965 developed the 1968 draft Columbia

River Treaty Flood Control Plan. This task force was
made up of the Corps of Engineers and Bonneville
Power Administration from the U.S. Entity and
British Columbia Hydro and Power Authority for the
Canadian Entity. Modifications made in 1971 by the
Corps were accepted by the Entities in 1972. This
Treaty Plan is but a part of the overall Flood Control
Plan for the Columbia River Basin which provides
flood control protection in both the U.S. and Cana-
da. The Flood Control Plan was developed from
studies of runoff data from 1928—1958, the 1894
flood, and from the Columbia River Basin SPF (see
paragraph 2.1.4). The Flood Control Act of 1944
gave the Corps the authority to operate any project
for flood control which was built with Federal funds,
e.g., Grand Coulee and Hungry Horse. In addition,
flood control projects authorized by the Federal
Energy Regulatory Commission (FERC) are also
subject to Corps regulation during a flood, e.g.
Brownlee. Project operating rules were developed to
provide protection for floods allowing for error in
forecasts and to maintain a high level of confidence
of refill. The Flood Control Plan is comprised of the
following elements: 1) A storage reservation diagram
for each reservoir which determines the evacuation
requirement as a function of the seasonal volume
runoff forecast, 2) Outflow diagrams which deter-
mine the discharge requirement as a function of the
volume runoff forecast, and 3) Charts and diagrams
that define local and system flood control operating
criteria.

2.3 RUNOFF FORECASTS

The seasonal volume runoff forecasts used to deter-
mine reservoir evacuation requirements are statisti-
cal procedures that correlate precipitation and
snowpack against runoff. Project owners are respon-
sible for the development of reservoir—specific
forecasts while the Soil Conservation Service and
National Weather Service are responsible for the
development of downstream forecasts. Forecasts are
made beginning in January and are updated regular-
ly through June. It is these forecasts that are used to
determine reservoir evacuation requirements needed
prior to the start of the spring and summer runoff.
The forecast period for: Dworshak is April—July
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inflow, Libby and Duncan is April—August inflow,
Hungry Horse is May—September inflow, Mica and
Arrow are April—August unregulated flow at The
Dalles, Grand Coulee is April—August unregulated
flow at The Dalles corrected for available upstream
storage other than Grand Coulee.

2.4 FLOOD CONTROL RULE CURVE
DEVELOPMENT

Every flood control project uses a storage reserva-
tion diagram (SRD), which, based on runoff volume
forecasts, specifies the amount of flood storage
space to be made available by the beginning of the
refill period. Figure 2—1 is an example of an SRD
for Libby project. The SRD is the key element when
examining flood control effectiveness or considering
an alternative operating policy. The SRDs are
derived through systematic analysis of historic floods
reflecting the project’s authorized operating objec-
tives and considering the possibility of encountering
forecast error. Most SRDs are developed in the
design phases of the project development. In the
mid—1980s, the Corps of Engineers conducted a
systematic review of SRDs for all flood control
projects in the United States portion of the Colum-
bia River basin. The purpose of this study was to
ascertain whether SRDs could be modified to bene-
fit downstream fish—flow operations while not
decreasing flood control capability. The analysis led
to the modification of the SRDs at Libby, Grand
Coulee, Dworshak, and Brownlee. These rule curves
are presently being used in operations and are
reflected in base case (SOS 2c) SOR studies. The
SRD is modified to reflect the change in storage
draft requirements based on the desired strategy of
the system or project operation.

2.5 CONCEPTS OF RESERVOIR OPERATION
FOR FLOOD CONTROL

The Pacific Northwest has two principal flood sea-
sons. November through March is the rain—pro-
duced flood period. These floods occur most fre-
quently on streams west of the Cascade Mountains,
the result of intense rainstorms of several days
duration. Snowmelt often augments these floods.

May through July is the snowmelt flood period. East
of the Cascades, snowmelt floods dominate the
runoff pattern for the Columbia Basin. Several
factors determine the magnitude of the flood, in-
cluding: the amount of snow in the basin; whether or
not a critical sequence of hot weather occurs during
the spring; and whether spring rainfall adds to the
runoff.

From the season—long perspective, flood control
operations include: drawing down the reservoirs to
provide an adequate amount of space to store the
runoff; and filling the reservoir space in a strategic
fashion to minimize downstream damages. In the
Columbia, where large floods involve more runoff
than can be stored, reservoir releases must be ad-
justed to prevent one or more projects from storing
too rapidly. The strategy for refill is aided by
computer simulations of the river on a daily basis.

Forecasts of the water supply runoff volume deter-
mine how much space should be evacuated from
reservoirs for downstream flood protection. The
forecasts are based primarily on snowpack and
precipitation measurements. Flood control operation
has two objectives: operating the system to minimize
damaging flows on the Lower Columbia River, and
operating individual reservoirs to minimize damage
to local areas. Storage reservoirs often have provi-
sions for both local flood control and system flood
control, and in such cases, the criterion calling for
greater drawdown is followed.

The Columbia River Treaty Flood Control Operat-
ing Plan (1972) contains the following basic prin-
ciples of operation, which are applicable not only to
Treaty storage but all flood control projects in the
basin as well:

1. Two distinct periods of operations are
recognized: (1) the winter drawdown period in
which flood control storage space is attained
in accordance with storage reservation
diagrams; (2) the spring refill period during
which flood regulation is implemented.

2. For purposes of regulation during the refill
period, two main categories of reservoir
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projects are: (1) Category I, headwater
reservoirs operated with fixed (usually
minimum) releases; and (2) Category IV,
reservoirs operated with variable releases for
downstream flood control. These two
categories are the most important for system
regulation, and the variable release reservoirs
(Arrow, Grand Coulee, and John Day)
represent those that require continual
adjustment during the spring runoff to
achieve the flood control regulation in the
lower river.

3. A variable controlled flow objective at The
Dalles is utilized, in which years with higher
runoff are regulated to a higher controlled
flow to account for the inability to completely
regulate all flood events and to make the
most effective use of storage. Further, the
controlled flow objectives can change during
the course of a flood, as storage space is
depleted in Category IV reservoirs.

2.5.1 System control

The objective of system flood control operations is
to reduce peak flows on the Lower Columbia. This is
the largest single damage area in the basin, which
includes portions of the city of Portland, Oregon and
extensive rural areas protected by 42 diking districts
along 120 river miles. The projects that are regulated
for system flood control are: Hungry Horse, Libby,
Grand Coulee, Brownlee, Dworshak, and John Day
in the U.S., and Mica, Arrow, and Duncan in Cana-
da. The Corps has developed a multiple—use reser-
voir storage plan involving coordinated operation of
these projects whose primary authorization and
justification is based upon their contribution to
reducing floods in the lower Columbia.

2.5.1.1 Shifting system flood control to Grand

Coulee

A shift in system flood control from Dworshak to
Grand Coulee is designed primarily to minimize the
30 April flood control draft at Dworshak by using
system flood control space in Grand Coulee that
would otherwise be required from Dworshak. This

preserves Dworshak water which can be used to
provide flow augmentation below Dworshak. Follow-
ing is a description of the process for determining if
and how much space can be transferred. On the first
of each of the months of January—April, if the
April—July volume runoff forecast at Dworshak is
3.0 maf (3.702 x 109m3) or less and flood control
space is anticipated to be available (prior to a shift)
at Grand Coulee (based on its SRD), then the 15
April flood control draft at Dworshak (as specified
by its SRD) is reduced by the amount of storage
which can be transferred to Grand Coulee, which is
then drafted appropriately. Local flood control below
Dworshak must be preserved. The April—July
forecast is reviewed at the beginning of each month
and the 15 April draft requirement at Dworshak and
potential shift to Grand Coulee is re—evaluated. On
1 April, two possibilities emerge: 1) if the April—July
forecast shows that the 30 April flood control draft
requirement at Dworshak is more than had been
indicated by earlier forecasts, then that space must
be made available by 30 April (Dworshak must draft,
providing potential flow augmentation), or 2) if the
April —July forecast shows that the 30 April flood
control draft requirement at Dworshak is less than
had been indicated by earlier forecasts, then Dwor-
shak must only fulfill the 30 April flood control draft
requirement as specified by its SRD. In either case,
Grand Coulee must then meet its 30 April flood
requirement. '

2.5.2 Local Control

Local flood control operation is required in the
winter as well as the spring for some projects. The
winter period, subject to rain—produced flooding,
generally uses fixed flood control rule curves. This
period is much more unpredictable ‘in nature due to
the inability to forecast rain. These rule curves are
developed for the storage projects based on studies
of historical runoff. The spring period, when the
more predictable snowmelt runoff occurs, requires
rule curves that reflect a variable storage space
availability as discussed in paragraph 2.4. Generally
during the spring period, storage evacuation for
system flood control provides protection for most
projects for local areas as well.
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CHAPTERS3

FULL SCALE STUDY METHODS

3.1 EVALUATION CRITERIA

3.1.1  Control Point Flow Requirements

Nine key stream gages (referred to as “control
points” downstream of storage projects or along
their shoreline) on the Columbia and tributary rivers
were selected by the FCWG to appraise flood damage
impacts. See Table 3—1 for descriptions of the
control points and their corresponding river reaches.
Flood potential at all other Columbia River Basin
locations that are not specifically included can be
readily addressed by observing the flows at one or
more upstream control points, however. During any
flood control operation, all control point flows and
elevations are attempted to be met. The exception
is The Dalles whose control flow varies from year to
year depending on the amount of upstream storage
space available and forecasted unregulated flow at
The Dalles. Damages at The Dalles accumulate
rapidly when flows exceed 450,000 cfs (12745 m3s).

3.1.2 Stage-Frequency

The keystone of any evaluation of the effects of
project operation change(s) on flood control effec-
tiveness is the stage—frequency or flow—frequency
curve (commonly referred to as a flood frequency
curve). It provides a simple and thorough summary
of the probability of a peak flow (river stage) occur-
ring. By definition, the abscissa is exceedance
frequency, and the ordinate is the stage or flow.
The coordinates of any point on the frequency curve
indicate, on the average, how rare that particular
peak is, or the probability that it will be exceeded in
any year. The FCWG used the standard procedure
set forth in Bulletin #17B of the Water Resources
Council Guidelines for Developing Flood Flow
Frequency to develop all frequency curves except
those for Lake Pend Oreille and Flathead Lake.
Both of these locations’ frequency curves were

“hand—drawn” because the log—Pearson Type III
probability distribution (used by Bulletin # 17B) is
not recommended for reservoir elevations.

3.1.3 Reservoir Operation Impacts

The first set of frequency curves was developed for
System Operating Strategy (SOS) 2C, which is the
no—action alternative. Subsequent changes to system
operation will yield a different set of frequency curves
which are compared (primarily graphically) on a
location by location basis to the corresponding curve
from SOS 2C. Impacts of a proposed regulation are
readily visible. The set of frequency curves for an
SOS are then given to the Economics Work Group to
determine the flood damage associated with that SOS.

3.2 PROCEDURE

The FCWG provided flood control upper rule curves
(URC) to the HYDROSIM modelers, based upon a
modified SRD or other guidance defined by an SOS.
A URC for a project is developed for each year based
on the volume forecast for the runoff season (see '
paragraph 2.3), which is then used with the SRD to
prescribe the amount of project flood control space
required. The last official forecast is 1 April and is
used to prescribe the amount of space to be made
available by 30 April (the date of maximum flood
control storage requirement). For each SOS, the
HYDROSIM model provided end of month reservoir
elevations and monthly average reservoir outflows
which the FCWG used to estimate the flows at each of
the control points described in Table 3—1. This was
accomplished with a daily simulation model, SSARR
(see paragraph 3.2.1). A necessary assumption to
evaluate operations on a daily basis is that the month-
ly reservoir outflows produced by HYDROSIM occur
for each day of the month. This, of course, is not the
way a reservoir is normally operated; however, to
maintain consistency with other work group studies
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involved in the SOR process, a common set of
operating data must be used by all. The constant
daily flows were then combined with 50 years of
historic daily uncontrolled flows throughout the
Columbia, and the system was operated using the
SSARR model driven by AUTOREG (see below for
a brief discussion of SSARR and AUTOREG). Any
constraints or operating requirements set forth in
the SOS being analyzed were adhered to by the
FCWG. The one—day peak annual flow for each of
the control points for each of the 50 years was
recorded, and the frequency curves were developed.
After careful consideration, the FCWG determined
that a “hands—on” (detailed) regulation need not be
performed. A detailed regulation consists of fine—
tuning project outflows to optimize project outflows

for maximum possible system and local flood control.

The decision not to conduct a detailed regulation on
any of the SOSs was based primarily on the fact that
the considerable time and effort involved would not
provide any significant additional information.

3.2.1 SSARR Model Overview/Data
Requirements

The Streamflow Synthesis and Reservoir Regulation
(SSARR) computer was designed for both real—time
streamflow forecasting and river system studies,
using a daily (or more frequent) computational time
step. The model of the Columbia River basin
provides mathematical simulations of reservoir
operations, water movement through the river
system, and the effects of lakes, diversions, etc. that
are used to evaluate various operations including
flood control. Of primary interest to flood control
studies are peak flows and stages at control points
throughout the basin. Input data needed for
SSARR for the study include:

1. Characteristic data which describe
physical features such as drainage area,
reservoir storage capacity, and wa-

tershed characteristics that affect runoff.

2. Initial Condition data for specifying cur-
rent conditions of all watershed—runoff
indexes, incremental flows over the en-
tire basin, and initial reservoir eleva-
tions and outflows.

3. Discharge and elevation time—series,
from historic records or simulated by
HYDROSIM.

4. Miscellaneous Job Control and Time
Control data which specify items such as
total computation period, routing inter-
vals, and other computer instructions to
control input—output alternatives.

3.2.2 AUTOREG Model

AUTOREG was developed to interface with SSARR
for the purpose of simulating Columbia River daily
operations in a substantially reduced amount of time.
The SOR process requires a multifaceted analysis of
alternative operating strategies described by monthly
modeling for an historic 50—year period. Flood
control operations involving peak flows must be
analyzed in shorter time increments of daily or hourly
simulations. AUTOREG was developed to substantial-
ly reduce the time element involved in simulating

‘the highly complex Columbia River Basin for the

purpose of the SOR and future studies. Currently,

" upon receipt of a HYDROSIM output, AUTOREG/

SSARR can process 50 years of the complete Co-
lumbia system (including development of frequency
curves) in approximately 4 hours. Prior to the
development of AUTOREG, the same analysis
would have taken a minimum of 5 weeks.

AUTOREG’s three major functions include:

1. Automation of input into the SSARR
model.

2. Automatic regulation of the entire river
system in accordance with specified rule
curves and HYDROSIM outflows and
elevations.

3. Checks of SSARR output that include
violations of rule curve operations, mini-
mum and maximum flow violations, and
river stage violations. This assists the regu-
lator in evaluating the simulations quickly.

4. Integration of SSARR with a new data
base system.

5. Creation of output displays and graphics.
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Table 3-1. Control Points and River Reaches Evaluated for Flooding

ZERO MAJOR
CONTROL POINT RIVER REACH DAMAGE DAMAGE
— Columbia River from below the conflu-
Flow at Columbia River orps 225,000 cfs, 280,000 cfs,
at Birchbank, BC ence of Arrow Lakes and Brilliant Dam to 6,372 m¥/s 7.930 m¥s
the U.S. border
Stage at Kootenai River Kootenai River from Libby Dam to and 1,766.5 feet, 1,774.0 feet
at Bonners Ferry, ID including Bonners Ferry 538.4 meters 540.7 meters
Flow at Flathead River Flathead River from Columbia Falls, MT 52,000 cfs, 82,800 cfs
at Columbia Falls, MT to Flathead Lake 1,470 m¥/s 2,345 m¥/s
Stage at Flathead Lake . 2893.1 feet, 2894.5 feet
at Somers, MT Flathead Lake shoreline 881.8 meters 882 .2 meters
Flow at Flathead River Flathead River from Kerr Dam to Thomp- 28,000 cfs, 80,000 cfs
nr Polson, MT son Falls Dam 790 m¥/s 2,266 m%/s
Stage at Pend Oreille . . 2,062.5 feet, 2,065.0 feet
Lake nr Hope, ID Lake Pend Oreille shoreline 628.7 meters 629.4 meters
Flow at Pend Oreille Riv-| Pend Oreille River from Albeni Falls Dam 85,000 cfs, 120,000 cfs
er at Newport, WA to the Columbia River 2,410 m%s 3,398 m3¥/s
. Clearwater River from Dworshak Dam to
Flow at Clearwater River . . 112,000 cfs, | 129,300 cfs
at Spalding, ID gl]i?/ eSrnake River and then to the Columbia 3,172 m¥s 3.662 m¥s
Flow at Columbia River Columbia River between Bonneville Dam 450,000 cfs, 750,000 cfs
at The Dalles, OR (river mile 145) and river mile 40 12,744 m3/s 21,240 m%/s
1995 FINAL EIS 3-3/(3-4 blank)
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CHAPTER 4

ALTERNATIVES AND THEIR IMPACTS

41 GENERAL DESCRIPTION OF
ALTERNATIVES

Seven alternative System Operating Strategies (SOS)
were considered in the Draft EIS. Each of the 7
SOSs contained several options, bringing the total
number of alternatives considered to 21. This Final
EIS also evaluates 7 operating strategies, with a
total of 13 alternatives now under consideration
when accounting for options. Section 4.1 of this
chapter describes the 13 alternatives and provides
the rationale for including these alternatives in the
Final EIS. Operating elements for each alternative
are summarized in Table 4—1. Later sections of this
chapter describe the effects of these alternatives on
flood control.

The 13 final alternatives represent the results of the
third analysis and review phase completed since
SOR began. In 1992, the agencies completed an
initial effort, known as “Screening” which identified
90 possible alternatives. Simulated operation for
each alternative was completed for five water year
conditions ranging from dry to wet years, impacts to
each river use area were estimated using simplified
analysis techniques, and the results were compared
to develop 10 “candidate SOSs.” The candidate
SOSs were the subject of a series of public meetings
held throughout the Pacific Northwest in September
1992. After reviewing public comment on the candi-
date strategies, the SOR agencies further reduced
the number of SOSs to seven. These seven SOSs
were evaluated in more detail by performing
50—year hydroregulation model simulations and by
determining river use impacts. The impact analysis
was completed by the SOR workgroups. Each SOS
had several options so, in total, 21 alternatives were
evaluated and compared. The results were pres-
ented in the Draft EIS, published in July, 1994. As
was done after Screening, broad public review and
comment was sought on the Draft EIS. A series of
nine public meetings was held in September and

October 1994, and a formal comment period on the
Draft EIS was held open for over 4 1/2 months.
Following this last process, the SOR agencies have
again reviewed the list of alternatives and have
selected 13 alternatives for consideration and pre-
sentation in the Final EIS.

Six options for the alternatives remain unchanged
from the specific options considered in the Draft
EIS. One option (SOS 4c) is a revision to a pre-
viously considered alternative, and the rest represent
replacement or new alternatives. The basic catego-
ries of SOSs and the numbering convention remains
the same as was used in the Draft EIS. However,
because some of the alternatives have been dropped,
the final SOSs are not numbered consecutively.
There is one new SOS category, Settlement Discus-
sion Alternatives, which is labeled SOS 9 (see Sec-
tion 4.1.6 for discussion).

The 13 alternatives have been evaluated through the
use of a computerized model known as HYDRO-
SIM. Developed by BPA, HYDROSIM is a hydro-
regulation model that simulates the coordinated
operation of all projects in the Columbia River
system. It is a monthly model with 14 total time
periods. April and August are split into two periods
each, because major changes can occur in stream-
flows in the first and second half of each of these
months. The model is based on hydrologic data for
a 50—year period of record from 1928 through 1978.
For a given set of operating rule inputs and other
project operating requirements, HYDROSIM will
simulate elevations, flows, spill, storage content and
power generation for each project or river control
point for the 50—year period. For more detailed
information, please refer to Appendix A, River
Operation Simulation.

The following section describes the final alternatives
and reviews the rationale for their inclusion in the
Final EIS.

1995

FINAL EIS 4-1
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Table 4-1. SOS Alternative—1
Summary of SOS

S0S 1

Pre-ESA Operation

S0S2
Current Operations

S0S4
Stable Storage Project
Operation

S80S 1 represents system operations
before changes were made as a re-
sult of the ESA listing of three Snake
River salmon stocks, SOS 1a repre-
sents operations from 1983 through
the 1990-91 operating year, influ-
enced by Northwest Power Act; SOS
1b represents how the system would
operate without the Water Budget
and related operations to benefit
anadromous fish. Short-term opera-
tions would be conducted to meet
power demands while satisfying
nonpower requirements.

SOS 2 reflects operation of the sys-
tem with interim flow improvement
measures in response to the ESA
salmon listings. It is consistent with
the 1992-93 operations described in
the Corps' 1993 Interim Columbia
and Snake River Flow Improvement
Measures Supplemental EIS. SOS
2c represents the operating decision
made as a result of the 1993 Supple-
mental EIS and is the no action
alternative for the SOS. Relative to
SOS 1a, primary changes are
additional flow augmentation in the
Columbla and Snake Rivers and
modified pool levels at lower Snake
and John Day reservoirs during juve-
nile salmon migration. SOS 2d
represents operations of the 1994-98
Biological Opinion issued by NMFS,

SOS 4 would coordinate opera-
tion of storage reservoirs to
benefit recreation, resident fish,
wildlife, and anadromous fish,
while minimizing Impacts to
power and flood control. Reser-
voirs would be managed to
specific elevations on a monthly
basis; they would be kept full
longer, while still providing spring
flows for fish and space for flood
control. The goal is to minimize
reservoir fluctuations while mov-
ing closer to natural flow
conditions. SOS 4c attempts to
accommodate anadromous fish
needs by shaping mainstem fiows
to benefit migrations and would
modify the flood control opera-
tions at Grand Coulee.

with additional flow aumentation mea-
sures compared to SOS 2c.

Actions by Project

LIBBY

operations

* No refill targets
« Summer draft limit of 5-10 feet

KAF = 1.234 million cublc meters

Operate on system proportional draft
as InS0S 1a

salmon and sturgeon when Jan. to
July forecast is greater than 6.5 MAF

« Meet sturgeon flows of 15, 20, and
12.5 kcfs in May, June, and July, re-
spectively, in at least 3 out of 10
years

= Meet specific elevation tar-
gets as Indicated by Integrated
Rule Curves (IRCs); IRCs are
based on storage content at
the end of the previous year,
determination of the appropri-
ate year within the critical
period, and runoff forecasts
beginning in January

+ IRCs seek to keep reservoir
full (2,459 feet) June-Sept;
minimum annual elevation
ranges from 2,399 to 2,327
feel, depending on critical year
determination

« Meet variable sturgeon flow
targets at Bonners Ferry dur-
ing May 25-August 16 period;
flow targets peak as high as
35 kefs in the wettest years

MAF = 1.234 billion cubic meters

FINAL EIS
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S0S5

Natural River Operation

Table 4-1. SOS Alternative—1

S0S6
Fixed Drawdown

S0S9
Settlement Discussion
Alternatives

SOS 5 would ald juvenile
salmon by Increasing river
velocity. The four lower Snake
River projects would have new
outlets installed, allowing the
resarvoirs lo be drawn down
to near the orliginal river eleva-
tion. The "natural river”
operation would be done for

4 1/2 months In SOS 5b and
year-found in SOS 5¢. John
Day would also be operated at
MOP for 4 months, and fiow
augmenlation measures on
the Columbia River portion of
the basin would continue as in
SOS 2c.

SOS 6 Involves drawing down
lower Snake River projects to
fixed elevations below MOP to
aid anadromous fish. SOS 6b
provides for fixed drawdowns
for all four lower Snake
projects for 4 1/2 months; SOS
6d draws down Lower Granite
only for 4 1/2 months. John
Day would also be operated at
MOP for 4 months, and flow
augmentation measures on the
Columbia River portion of the
basin would continue as in
SOS 2c.

SOS 9 represents operations
suggested by the USFWS,
NMFS, the state fisheries
agencles, Native American
tribes, and the Federal operat-
ing agencies during the
settlement discussions in re-
sponse to the IDFG v. NMFS
court proceedings. This alter-
native has three options, SOSs
9a, 9b, and 9¢, that represent
different scenarios 1o provide
increased river velocities for
anadromous fish by establish-
ing flow targets during
migration and 1o carry out
other actions to benefit ESA-
listed species. The three
options are termed the De-
talled Fishery Operating Plan
(9a), Adoptive Management
(9b), and the Balanced Im-
pacts Operation (9c).

SOS PA represents the opera-
tion recommended by NMFS
and the USFWS Biological
Opinions issued March 1,
1995, This SOS supports re-
covery of ESA-listed species
by storing water during the fall
and winter to meet spring and
summer flow targets, and pro-
tects other resources by
setting summer draft limits lo
manage negative effects, by
providing flood protection, and
by providing for reasonable
power generation.

tional draft as in SOS 1a

Operate on system propor-
tional draft as in SOS 1a

1 kefs = 28 cms

up to flood control rule curves
year-round, except during flow
augmentation period

+ Provide sturgeon flow re-
leases April-Aug. to achieve
up to 35 kcts at Bonner's Ferry
with appropriate ramp up and
ramp down rates

+ Operate on minimum flow up
to flood control rule curves
year-round, except during flow
augmentation

* Provide sturgeon flow re-
leases similar to SOS 2d

+ Can draft 1o elevation 2,435
by end of July to mest fiow
targets

* Operate to the Integrated
Rule Curves and provide
sturgeon flow releases as in
SOS 4c

1 ft = 0.3048 meter

;":;g_ :;‘z 2t TaEas
= Operate on minimum flow up
to flood control rule curves be-
ginning in Jan., except during
flow augmentation period

+ Strive to achieve flood con-
trol elevations In Dec. in all
years and by April 15in 75
percent of years

= Provide sturgeon flows of 25
kcfs 42 days in June and July

« Provide sufficient flows to
achieve 11 kcfs flow at
Bonner's Ferry for 21 days al-
ter maximum flow period

* Draft to meet flow targets, to
a minimum end of Aug. sleva-
tion of 2,439 fesl, uniess
deeper drafts needed to meet
sturgeon flows

1995
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Table 4-1. SOS Alternative-2
Actions by Project

HUNGHY SAc
HORSE Normal 1933—1991 storage prolact Operate on system proportlonai draft + Meel spacrr c elevation tar-
operations as inSOS 1a gets as indicated by Integraled
Rule Curves (IRCs), similar to
operation for Libby
- + IRCs seek to keep reservoir
* No maximum flow restriction from Operate on system proportional draft full (3,560 feet) June-Sept.;
mid-Oct. to mid-Nov. asinSOS 1a minimum annual elevation
& - ranges from 3,520 to 3,450
No draft limit; no refill target feet, depending on critical year
SOS 2
ALBENI
FALLS

Opera‘ta on systern proportlona! draft Elevation lanB‘tS esiahhshed
operations asInSOS 1a for each month, generally
2,056 feet Oct.—March, 2,058
';{m;;}f;a;g:; 1o 2,062.5 feet April-May,
S 2,062.5feet (full) June, 2,060

. feet July—Sept. (but higher i
No refill target &pzlrastggn;vstem proportional draft 1 4 high); Oct—March draw-
down to 2,051 feet every 6th
year
KAF = 1.234 million cublic meters MAF = 1.234 billion cubic meters

44 - FINAL EIS 1995
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Table 4-1. SOS Alternative-2

Operate on system propor-
tional draft as in SOS 1a

= Operate on minimum flow up
lo flood control rule curves
year-round, except during flow
augmentation period

« Strive 1o achieve flood con-
trol elevations by April 15 in 75
percent of the years

Operate on system propor-
tional draft as In SOS 1a

to flood control rule curves
year-round, except during flow
augmentation period

Operate on system propor-
tional draft as in SOS 1a

Operate on system propor-
tional draft as in SOS 1a

+ Operate on minimum flow up
to fiood control rule curves
year-round, excepl during flow
augmentation

* Draft to meet flow targets, to
a minimum end-of-August el-
evation of 3,540 fesl

« Can draft to meet flow tar-
gets, to a minimum end-of-July
elevation of 3,535 feet

* Operate to the Integrated
Rule Curves as in SOS 4c

Operate on minimum flow up
to flood control rule curves
year-round, except during flow
augmentation period

+ Operate to flood control el-
evations by April 15in 90
percent of the years

* Operate to help meet flow

targets, but do not draft below
full pool through Aug.

Operate on system propor-
tional drafl as in SOS 1a

Operate on system propor-
tional draft as in SOS 1a

+ Operate on minimum flow up
to flood control rule curves
year-round, except during flow
augmentation period

« Can draft to meet target
flows, to a minimum end-of-
July elevation of 2,060 feet

* Elevation targets established
for each month, generally no
lower than 2,056 feet Dec.—
April, no lower than 2,057 feet
end of May, full (2,062.5 feet)
June—Aug., 2,056 feet
Sept.—Nov.

1 kefs = 28 oms 1 ft = 0.3048 meter

1995 FINAL EIS 4-5
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Table 4-1. SOS Alternative-3
Actions by Project

SOS 1

S0S 2

COUEE  SHLNAS, B Sosac
COULEE bediss i
* Operate to meet Water Budget tar- « Storage of water for flow augmen- + Operate to end-of-month el-
get flows of 134 kcfs at Priest tation from January through April evation targets, as follows:
P i
Rapids in May X « Supplemental releases (in con- 1,288 Sept.-Nov
* Meet minimum elevation of 1,240 junction with upstream projects) to 1,287 Dec.
feet in May provide up to 3 MAF additional
(above Water Budget) flow augmen- 1,270 Jan.
tation in May and June, based on 1,260 Feb.
sliding scale for runoff forecasts 1270 Mar.
= System flood control space shifted 1272 Apr. 15
+ Maintain 1,285 feet June-Sept.; from Brownlee, Dworshak y ’
minimum 1,220 feet rest of year 1,275 Apr. 30
* No May—June flow target 1,280 May
« Contribute, In conjunction with up- 1288, A Alg,
stream slorage projects, up to 4 MAF * Meet flood control rule curves
for additional flow augmentation only when Jan.-June runoff fore-
* Operate In summer to provide flow cast exceeds 68 MAF
augmentation water and meet down-
stream flow targets, but draft no
lower than 1,280 feet
S0S 1 S0Ss 2 SO0S 4
PRIEST E‘ﬁ > . 5 G 2
RAPIDS « Meet May-June flow targets ¥/ Operate as in SOS 1a
* Maintain minimum flows to meet FT TR T
Vernita Bar Agreement 2/ g 3@55@@ daitiiid
. - Operate as in SOS 1a
= Meet Vernita Bar Agreement
1/ Flow targets are weekly averages with weekend and holiday fiows no less than B0 percent of flows over previous 5 days.
2/ 55 kefs during heavy load hours October 15 to November 30; minimum instantaneous flow 70 kefs December lo April
KAF = 1.234 million cubic meters MAF = 1.234 billion cubic meters
4-6 FINAL EIS 1995
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Table 4-1. SOS Alternative-3

+ Operate to meet flood control
requirements and Vernita Bar
agreemant

* Provide flow augmentation re-
leases to help meet targets at
The Dalles of 220-300 kcfs April
16-June 15, 200 kcfs June 16-
July 31, and 160 kefs Aug.
1-Aug.31, based on appropriate
critical year determination

= In above average runoff years,
provide 40% of the additional
runoff volume as flow augmenta-
tion

Operate on system propor-
tional draft and provide flow
augmentation as in SOS 2¢

tional draft and provide flow
augmentation as in SOS 2¢

B o T
Operate on system propor-
tional draft and provide flow
augmentation as in SOS 2¢

tional draft and provide flow
augmentation as in SOS 2¢

= Operate on minimum flow up
to flood control rule curves
year-round, except during flow
augmentation period

= Can draft to meet flow tar-

gets, bounded by SOS 9a and
9c¢ targets, to a minimum end-
of-July elevation of 1,265 feet

X

« Operate to mest McNary flow
targets of 200 kcfs April
16-June 30 and 160 kefs in
July

* Can draft to meet flow tar-
gets, to a minimum end-of-July
elevation of 1,280 feet

« Contribute up to 4 MAF for
additional flow augmentation,
based on sliding scale for run-
off forecasts, in conjunction
with other upstream projects

» System fiood control shifted
1o this project

SOS PA

* Operate to achieve flood
control elevations by April 15
in 85% of years

* Draft to meet flow targets,
down to minimum end-of-Aug.
alevation of 1,280 feet

* Provide flow augmentation
releases to meet Columbia
River flow targets at McNary
of 220-260 kcfs April 20-June
30, based on runoff forecast,
and 200 kefs July-Aug.

SO0S 9

Operate as in SOS 1a

Operate as in SOS 1a

T

Operate as in SOS 1a

e S S D S e

Operate as in SOS 1a

Operate as in SOS 1a

1 kefs = 28 cms 1 ft = 0.3048 meter

SOS PA

1995
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Table 4-1. SOS Alternative—4
Actions by Project
SOS 1 S0S 4
SNAKE T sosia { : B 908 a0
ABOVE Normal 1990—91 operations; no Release up to 427 KAF (190 KAF Same as SOS 1a

BROWNLEE Water Budget flows

April 16—June 15; 137 KAF Aug.;
100 KAF Sept.) for flow augmenta-
tion

Same as SOS 1a

* Release up to 427 KAF, as in SOS
2c

+ Release additional water obtained
by purchase or other means and
shaped per Reclamation releases
and Brownlee draft requirements;
simulation assumed 927 KAF avail-
able

BROWNLEE | i

pREga
« Draft as needed (up to 110 KAF in

May) for Water Budget, based on
target flows of 85 kcfs at Lower
Granite

+ Operate per FERC license

+ Provide system fiood control stor-
age space

+ No maximum flow restriction from
mid-Oct. to mid-Nov.

* No draft limit; no refill target

KAF = 1.234 million cubic meters

Same as SOS 1a except
slightly different flood control
rule curves

tional flow augmentation as follows:

+ Draft up to 137 KAF in July, but not
drafting below 2,067 feet; refill from
the Sneke River above Brownlee in
August : :

« Draft up to 100 KAF in Sept.

+ Shift system ficod control to Grand
Coulee

* Provide 9 kcfs or less in November;
fill project by end of month

+ Maintain November monthly aver-
age flow December through April

Same as SOS 2c, plus pass addi-
tional flow augmentation releases
from upstream projects

MAF = 1.234 billion cubic meters

4-8 FINAL EIS
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Table 4-1. SOS Alternative—4

Same as SOS 1a Same as SOS 1a Prcvlda up to 1.927 MAF Provide 427 KAF through
through Brownlee for flow aug- Brownlee for flow augmenta-
mentation, as determined by tion, as determined by

: S0s 50 ¢ Reclamation Reclamation
Same as SOS 1a Same as SOS 1a _‘ "‘Iﬁﬁ
L R
Prwxde upto 92? KAF through
Brownlee as determined by
Reclamation
Provide up to 927 KAF through
Brownlee as determined by
Reclamation
S0S 9 SOS PA

prinirn]

S

e

G frie i
.k«*ﬂém:tr.‘m!

SamaasSOS4c Same as SOS 4c

1 kefs = 28 ems

Draft to elevation 2,069 feet in
May, 2,067 feet in July, and
2,059 feet in Sept., passing
inflow after May and July

afts

« Draft up to 110 KAF in May,
137 KAF in July, 140 KAF In
Aug., 100 KAF in Sept. for flow
augmentation

« Shift system flood control to
Grand Coulee

* Draft up to 190 KAF April-
May, 137 KAF in July, 100
KAF in Sept. for flow augmen-
tation

= Shift system fiood control to
Grand Coulee

= Provide an additional 110
KAF in May if elevation is
above 2,068 feet and 110 KAF
In Sept. if elevation is above
2,043.3 feet

Same as SOS 9b

11t = 0.3048 meler

1995
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Table 4-1. SOS Alternative-5

Actions by Project

DWORSHAK [

S0Ss 2

+ Draft up to 600 KAF in May to
mest Water Budget target flows of
85 kefs at Lower Granite

+ Provide system flood control stor-
age space

* Meet minimum project flows

(2 kefs, except for 1 kefs in August);
summer draft limits; maximum
discharge requirement Oct. to Nov.
(1.3 kefs plus inflow)

+ No Water Budget releases

KAF = 1.234 million cubic melers

508 2¢

Same as SOS 1a, plus the following
supplemental releases:

+ 900 KAF or more from April 16 to
June 15, depending on runoff fore-
casl at Lower Granite

« Up to 470 KAF above 1.2 kcfs mini-
mum release from June 16 to Aug.
a1

« Maintain 1.2 kcfs discharge from
Oct. through April, unless higher re-
quired

= Shift system flood control to Grand
Coulee April-July if runoff forecasts
at Dworshak are 3.0 MAF or less

« Operate on 1.2 kcfs minimum dis-
charge up to fiood control rule curve,
except when providing flow augmen-
tation (April 10 to July 31)

* Provide flow augmentation of 1.0
MAF plus 1.2 kefs minimum dis-
charge, or 927 KAF and 1.2 kcfs,
from April 10-June 20, based on run-
off forecasts, to meet Lower Granite
flow target of 85 kcfs

» Provide 470 KAF from June 21 to
July 31 to meet Lower Granite flow
larget of 50 kcfs

+ Draft to 1,520 feet after volume is
expended, if Lower Granite flow tar-
gel is not met; if volume is not
expended, draft below 1,520 feet
until volume is expended

e c-§'(n'(3

Elevation targets established for
each month: 1,599 feet Sept.-Oct.;
flood control rule curves
Nov.-April; 1,595 feet May; 1,599
feet June-Aug.;

MAF = 1.234 billion cubic meters

4-10-
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Table 4-1. SOS Alternative-5

+ Operate to local flood control
rule curve

* No proportional draft for
power

+ Shift system flood control to
lower Snake projects

+ Provide Water Budget fiow
augmentation as In SOS 1a

+ Draft 1o refill lower Snake
projects If natural inflow Is In-
adequate

+ Operate to flood control dur-
ing spring

* Refill in June or July and
maintain through August

« Draft for power production
during fall

A
Same as SOS 5b

Same as SOS 5b

1 kefs = 28 ems

* Rei
draft for power

+ Operate 1o local flood control
rule curves, with system fiood
control shifted to Grand
Coulee

* Maintaln flow at 1.2 kefs
minimum discharge, except for
flood control or flow augmenta-
tion discharges

* Operate to meet Lower
Granite flow targets (at spill-
way crest) of 74 kcfs April
16-June 30, 45 kcfs July, 32
kefs August

operate to meel flow targets at
Lower Granite ranging from 85
to 140 kefs April 16-June 30
and 50-55 kcfs In July

« Can draft to meet flow tar-
gets to a min. end-of-July
elevation of 1,490 feet

« Similar to SOS 9a, except
operate to meet Lower Granite
flow target (at spiliway crest) of
63 kefs April-June

« Can draft to meet flow tar-
gets to a min. end-of-July
elevation of 1,520 feet

1 ft = 0.3048 meter

e

SO PA
+ Operate on minimum flow-up
to flood control rule curve
year-round, except during flow
augmentation period

= Draft to meet flow targets,
down to min. end-of-Aug. el-
evation of 1,520 feet

+ Sliding-scale Snake River
fiow targets at Lower Granite
of 85 to 100 kefs April 10-June
20 and 50 to 55 kcfs June
21-Aug. 31, based on runoff
forecasts

1995
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Table 4-1. SOS Alternative—-6
Actions by Project
LOWER | Sasta i [ $ 054
SNAKE + Normal operations at 4 lower * Operate reservoirs within 1 foot Same as SOS 2¢
?ﬂak*: mef DTULBJ:S fwghl" 3k11° 5 above MOP from April 16 to July 31
ﬁﬁﬁalbng}w HEEAnC IR * Same as SOS 1a for rest of year
« Provide maximum peaking capac-
ity of 20 kcfs over daily average flow 2
in May . -
Same as SOS 21:
Same as 1a, except:
+ No minimum flow limit (11,500 cfs)
during fall and winter
» No fish-related rate of change in
flows in May
COLUMBIA | Normal operations at 4 lower Same as SOS 1a except Iuwar John  Same as SOS ac: excepl op-
Columbia projects (generally within 3 Day to minimum Irrigation pool erate John Day within 2 fest of
1o 5 feet of full pool, dally and weekly (approx. 262.5 feet) from April 15to elevation 263.5 feet Nov. 1
fluctuations) Aug. 31; operate within 1.5 feet of through June 30

« Restricted operation of Bonneville ~forebay range, unless need to raise

second powerhouse to avold irrigation impacts

Same as 1a, woept no restrictions Same as SOS 2¢
on Bonneville second powerhouse

KAF = 1.234 million cubic meters MAF = 1.234 billion cubic meters

4-12-
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Table 4-1. SOS Alternative—6

. Draﬂ 2 iaei per day aianing
Feb. 18

 Operate al natural river level,
approx. 95 to 115 ft below full
pool, April 16-Aug. 31, draw-
down levels by project as
follows, in feet:

Lower Granite 623
Little Goose 524
L. Monumental 432
lce Harbor 343

« Operate within 3 1o 5 ft of full
pool rest of year

= Refill from natural flows and
storage releases

Same as SOS 5b, except
drawdowns are permanent
once natural river levels
reached; no refill

. Draﬂ 2feet per day
starting April 1
* Operate 33 feet below

full pool April 16-Aug. 31;
drawdown levels by

project as follows, in feet:
Lower Granite 705
Little Goose 605
L Monumental 507
Ice Harbor 407

* Operate over 5-foot
forebay range once draw-
down elevation reached

= Refill from natural flows
and storage releases

* Same as SOS 1arest
of year

. Dra‘t( Lowef Granlte 2
feet per day starting April
1

« Operate Lower Granite
near 705 ft for 4 1/2
months, April 16-Aug. 31

. Operaie 33 feet below full pool (s&e
S0S 6b) April 1-Aug. 31 to meet L
Granite fiow targets (see Dworshak);
same as SOS 1arest of year

« Spill to achieve 80/80 FPE up to
total dissolved gas cap of 120% dally
average; spill cap 60 kcfs at all
projects

. Oper&ne at MOP with 1 fool flex-
ibility April 1-Aug. 31, same as SOS
1arest of year

= Splil to achieve 80/80 FPE up to
total dissolved gas cap of 120% daily
average; splll caps range from 18
kefs at L Monumental to 30 kcfs at
L. Granite

« Operate 35 to 45 feet below full
pool April 1-June 15 to meet L.
Granite flow targets (see Dworshak),
refill by June 30; same as SOS 1a
rest of year

= Splll to achieve B0/80 FPE, as in
SOS 9

. Opam‘teatMOF' wrlh1 focnl
flexibility between April 10 -
Aug. 31

+ Refill three lower Snake
River pools after Aug. 31,
Lower Granite after Nov. 15
« Spilll to achieve 80% FPE
up to total dissolved gas cap
of 115% 12-hour average;
splill caps range from 7.5 kcfs
at L. Monumental to 25 kcfs
at lce Harbor

Sarno as SOS 2, except oper-
ate John Day within 1.5 fest
above elevation 257 feet
(MOP) from May 1 through
Aug. 31; same as SOS 2c rest
of year

Sarneas SOS Sb

Same as SOS 5

1kefs = 28 cms

- Same as SOS 5, exoept operate
John Day within 1 foot above eleva-
tion 257 feet April 15-Aug. 31

« McNary flow targets as described
for Grand Coulee

« Spill to achieve 80/80 FPE, up to
total dissolved gas cap of 120% dailly
average, as derived by agencies

. Same as SOS 2, except operate

John Day at minimum Irrigation pool
or 262.5 feet with 1 foot of flexibllity
from April 16-Aug. 31

* McNary flow targets as described
for Grand Coulee

+ Spill to achieve 80/80 FPE, up lo
total dissolved gas cap of 120%
dally average, as derived by Corps

Same as SOS 9b, except operate
John Day at minimum operating pool

1 ft = 0.3048 meter

+ Pool operatlom same as
S0OS 2c, except operate John
Day at 257 feet (MOP) year-
round, with 3 feet of flexibility
March-Oct. and 5 feet of fiex-

ibility Nov.-Feb.

« Spill to achieve 80% FPE
up to total dissolved gas cap
of 115% 12-hour average;
spill caps range from 9 kcfs at
John Day to 90 kefs at The
Dalles
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4.1.1 SOS 1-Pre-ESA Operation

This alternative represents one end of the range of the
SOR strategies in terms of their similarity to historical
system operations. This strategy reflects Columbia
River system operations before changes were made as
a result of the ESA listing of three Snake River salmon
stocks, This SOS has two options:

* SOS la (Pre—Salmon Summit Operation)
represents operations as they existed from
1983 through the 1990—91 operating year,
including Northwest Power Act provisions to
restore and protect fish populations in the
basin. Specific volumes for the Water Budget
would be provided from Dworshak and
Brownlee reservoirs to attempt to meet a
target flow of 85 kcfs (2,380 cms) at Lower
Granite Dam in May. Sufficient flows would
be provided on the Columbia River to meet
a target flow of 134 kefs (3,752 cms) at Priest
Rapids Dam in May. Lower Snake River
projects would operate within 3 to 5 feet (0.9
to 1.5 m) of full pool. Other projects would
operate as they did in 1990—91, with no
additional water provided from the Snake
River above Brownlee Dam.

¢ SOS 1b (Optimum Load—Following Opera-
tion) represents operations as they existed
prior to changes resulting from the North-
west Power Act. It is designed to demon-
strate how much power could be produced if
most flow—related operations to benefit
anadromous fish were eliminated including:
the Water Budget; fish spill requirements;
restrictions on operation of Bonneville’s
second powerhouse; and refill targets for
Libby, Hungry Horse, Grand Coulee, Dwor-
shak, and Albeni Falls. It assumes that
transportation would be used to the maxi-
mum to aid juvenile fish migration.

4.1.2 SOS 2-Current Operations

This alternative reflects operation of the Columbia
River system with interim flow improvement mea-
sures made in response to ESA listings of Snake

River salmon. It is very similar to the way the
system operated in 1992 and reflects the results of
ESA Section 7 consultation with NMFS then. The
strategy is consistent with the 1992—93 operations
described in the Corps’ 1993 Interim Columbia and
Snake Rivers Flow Improvement Measures Supplemen-
tal EIS (SEIS). SOS 2 also most closely represents
the recommendations issued by the NMFS Snake
River Salmon Recovery Team in May 1994.
Compared to SOS 1, the primary changes are addi-
tional flow augmentation in the Columbia and Snake
Rivers and modified pool levels at lower Snake and
John Day reservoirs during juvenile salmon migra-
tion. This strategy has two options:

e SOS 2c (Final SEIS Operation- No Action
Alternative) matches exactly the decision
made as a result of the 1993 SEIS. Flow
augmentation water of up to 3.0 MAF
(3.7 billion m3) on the Columbia River (in
addition to the existing Water Budget) would
be stored during the winter and released in
the spring in low—runoff years. Dworshak
would provide at least an additional 300 KAF
(370 million m?) in the spring and 470 KAF
(580 million m?) in the summer for flow
augmentation. System flood control shifts
from Dworshak and Brownlee to Grand
Coulee would occur through April as need-
ed. It also provides up to 427 KAF (527 mil-
lion m3) of additional water from the Snake
River above Brownlee Dam.

e SOS 2d (199498 Biological Opinion)
matches the hydro operations contained in the
1994—98 Biological Opinion issued by NMFS
in mid—1994. This alternative provides water
for the existing Water Budget as well as addi-
tional water, up to 4 MAF, for flow augmenta-
tion to benefit the anadromous fish migration.
The additional water of up to 4 MAF would
be stored in Grand Coulee, Libby and Arrow,
and provided on a sliding scale tied to runoff
forecasts. Flow targets are established at
Lower Granite and McNary.

In cases such as the SOR, where the proposed action
is a new management plan, the No Action Alterna-
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tive means continuing with the present course of
action until that action is changed (46 FR 13027).
Among all of the strategies and options, SOS 2c best
meets this definition for the No Action Alternative.

4.1.3 SOS 4-Stable Storage Project Operation

This alternative is intended to operate the storage
reservoirs to benefit recreation, resident fish, wild-
life, and anadromous fish while minimizing impacts
of such operation to power and flood control.
Reservoirs would be kept full longer, but still provide
spring flows for fish and space for flood control.

The goal is to minimize reservoir fluctuations while
moving closer to natural flow conditions. For the
Final EIS, this alternative has one option:

*  SOS 4c (Stable Storage Operation with
Modified Grand Coulee Flood Control)
applies year—round Integrated Rule Curves
(IRCs) developed by the State of Montana
for Libby and Hungry Horse. Other reser-
voirs would be managed to specific elevations
on a monthly basis; they would be kept full
longer, while still providing spring flows for
fish and space for flood control. The goal is
to minimize reservoir fluctuations while
moving closer to natural flow conditions.
Grand Coulee would meet elevation targets
year—round to provide acceptable water
retention times; however, upper rule curves
would apply at Grand Coulee if the January
to July runoff forecast at the project is great-
er than 68 MAF (84 billion m3).

4.1.4 SOS 5-Natural River Operation

This alternative is designed to aid juvenile salmon
migration by drawing down reservoirs (to increase
the velocity of water) at four lower Snake River
projects. SOS 5 reflects operations after the instal-
lation of new outlets in the lower Snake River dams,
permitting the lowering of reservoirs approximately
100 feet (30 m) to near original riverbed levels. This
operation could not be implemented for a number of
years, because it requires major structural modifica-
tions to the dams. Elevations would be: Lower
Granite — 623 feet (190 m); Little Goose — 524 feet

(160 m); Lower Monumental — 432 feet (132 m);
and Ice Harbor — 343 feet (105 m). Drafting would
be at the rate of 2 feet (0.6 m) per day beginning
February 18. The reservoirs would refill again with
natural inflows and storage releases from upriver
projects, if needed. John Day would be lowered as
much as 11 feet (3.3 m) to minimum pool, elevation
257 feet (78.3 m), from May through August. All
other projects would operate essentially the same as
in SOS 1a, except that up to 3 MAF (3.7 billion m3)
of water (in addition to the Water Budget) would be
provided to augment flows on the Columbia River in
May and June. System flood control would shift
from Brownlee and Dworshak to the lower Snake
River projects. Also, Dworshak would operate for
local flood control. This alternative has two options:

¢« SOS 5b (Four and One—half Month Natural
River Operation) provides for a lower Snake
River drawdown lasting 4.5 months, begin-
ning April 16 and ending August 31. Dwor-
shak would be drafted to refill the lower
Snake River projects if natural inflow were
inadequate for timely refill.

¢ SOS 5c (Permanent Natural River Opera-
tion) provides for a year—round drawdown,
and projects would not be refilled after each
migration season.

4.1.5 SOS 6-Fixed Drawdown

This alternative is designed to aid juvenile anadro-
mous fish by drawing down one or all four lower
Snake River projects to fixed elevations approxi-
mately 30 to 35 feet (9 to 10 m) below minimum
operating pool. As with SOS 5, fixed drawdowns
depend on prior structural modifications and could
not be instituted for a number of years. Draft would
be at the rate of 2 feet (0.6 m) per day beginning
April 1. John Day would be lowered to elevation
257 feet (78.3 m) from May through August. All
other projects would operate essentially the same as
under SOS 1a, except that up to 3 MAF (3.7 bil-
lion m3) of water would be provided to augment
flows on the Columbia River in May and June.
System flood control would shift from Brownlee and
Dworshak to the lower Snake projects. Also, Dwor-
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shak would operate for local flood control. This
alternative has two options:

¢ SOS 6b (Four and One—half Month Fixed
Drawdown) provides for a 4.5—month draw-
down at all four lower Snake River projects
beginning April 16 and ending August 31.
Elevations would be: Lower Granite —
705 feet (215 m); Little Goose — 605 feet
(184 m); Lower Monumental — 507 feet
(155 m); and Ice Harbor — 407 feet (124 m).

¢ SOS 6d (Four and One—half Month Lower
Granite Fixed Drawdown) provides for a
4.5—month drawdown to elevation 705 feet
at Lower Granite beginning April 16 and
ending August 31.

4.1.6 SOS 9-Settlement Discussion
Alternatives

This SOS represents operations suggested by
USFWS and NMFS (as SOR cooperating agencies),
the State fisheries agencies, Native American tribes,
and the Federal operating agencies during the
settlement discussions in response to a court ruling
in the IDFG v. NMFS lawsuit. The objective of
SOS 9 is to provide increased velocities for anadro-
mous fish by establishing flow targets during the
migration period and by carrying out other actions
that benefit ESA—listed species. The specific op-
tions were developed by a group of technical staff
representing the parties in the lawsuit. The group
was known as the Reasonable and Prudent Alterna-
tives Workgroup. They developed three possible
operations in addition to the 1994—98 Biological
Opinion. This strategy has three options:

e SOS 9a (Detailed Fishery Operating Plan
[DFOP)) establishes flow targets at The
Dalles based on the previous year’s end—of—
year storage content, similar to how PNCA
selects operating rule curves. Grand Coulee
and other storage projects are used to meet
The Dalles flow targets. Specific volumes of
releases are made from Dworshak, Brownlee,
and upper Snake River to try to meet Lower
Granite flow targets. Lower Snake River
projects are drawn down to near spillway

crest level for 4 1/2 months. Specific spill
percentages are established at run—of—river
projects to achieve no higher than 120 per-
cent daily average total dissolved gas. Fish
transportation is assumed to be eliminated.

¢ SOS 9b (Adaptive Management) establishes
flow targets at McNary and Lower Granite
based on runoff forecasts. Grand Coulee
and other storage projects are used to meet
the McNary flow targets. Specific volumes of
releases are made from Dworshak, Brownlee,
and the upper Snake River to try to meet
Lower Granite flow targets. Lower Snake
River projects are drawn down to minimum
operating pool levels and John Day is at
minimum irrigation pool level. Specific spill
percentages are established at run—of—river
projects to achieve no higher than 120 per-
cent daily average for total dissolved gas.

e  SOS 9c (Balanced Impacts Operation)
draws down the four lower Snake River
projects to near spillway crest levels for 2 1/2
months during the spring salmon migration
period. Full drawdown level is achieved on
April 1. Refill begins after June 15. This
alternative also provides 1994—98 Biological
Opinion flow augmentation (as in SOS 2d),
IRC operation at Libby and Hungry Horse, a
reduced flow target at Lower Granite due to
drawdown, limits on winter drafting at Albeni
Falls, and spill to achieve no higher than 120
percent daily average for total dissolved gas.

4.1.7 SOS PA-Preferred Alternative

This SOS represents the operation recommended
by NMFS and USFWS in their respective Biologi-
cal Opinions issued on March 1, 1995. SOS PA is
intended to support recovery of ESA—listed
species by storing water during the fall and winter
to meet spring and summer flow targets, and to
protect other resources by managing detrimental
effects through maximum summer draft limits, by
providing public safety through flood protection,
and by providing for reasonable power genera-
tion. This SOS would operate the system during
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the fall and winter to achieve a high confidence of
refill to flood control elevations by April 15 of
each year, and use this stored water for fish flow
augmentation. It establishes spring flow targets
at McNary and Lower Granite based on runoff
forecasts, and a similar sliding scale flow target at
Lower Granite and a fixed flow target at McNary
for the summer. It establishes summer draft
limits at Hungry Horse, Libby, Grand Coulee, and
Dworshak. Libby is also operated to provide
flows for Kootenai River white sturgeon. Lower
Snake River projects are drawn down to minimum
operating pool levels during the spring and sum-
mer. John Day is operated at minimum operating
pool level year~round. Specific spill percentages
are established at run—of—river projects to
achieve 80—percent FPE, with no higher than
115—percent 12—hour daily average for total
dissolved gas measured at the forebay of the next
downstream project.

4.1.8 Rationale for Selection of the Final
SOSs

Table 4—2 sumnmarizes the changes to the set alter-
natives from the Draft EIS to the Final EIS.

SOS 1a and 1b are unchanged from the Draft EIS.
SOS 1a represents a base case condition and
reflects system operation during the period from
passage of the Northwest Power Planning and
Conservation Act until ESA listings. It provides a
baseline alternative that allows for comparison of
the more recent alternatives and shows the recent
historical operation. $OS 1b represents a limit for
system operation directed at maximizing benefits
from development—oriented uses, such as power
generation, flood control, irrigation and naviga-
tion and away from natural resources protection.
It serves as one end of the range of alternatives
and provides a basis for comparison of the impacts
to power generation from all other alternatives.
Public comment did not recommend elimination of
this alternative because it serves as a useful mile-
post. However, the SOR agencies recognize it is

unlikely that decisions would be made to move
operations toward this alternative.

In the Draft EIS, SOS 2 represented current opera-
tion. Three options were considered. Two of these
options have been eliminated for the Final EIS and
one new option has been added. SOS 2c continues
as the No Action Alternative. Maintaining this
option as the No Action Alternative allows for
consistent comparisons in the Final EIS to those
made in the Draft EIS. However, within the
current practice category, new operations have been
developed since the original identification of

SOS 2¢. In 1994, the SOR agencies, in consultation
with the NMFS and USFWS, agreed to an opera-
tion, which was reflected in the 1994—98 Biological
Opinion. This operation (SOS 2d) has been mod-
eled for the Final EIS and represents the most
“current” practice. SOS 2d also provides a good
baseline comparison for the other, more unique
alternatives. SOS 2a and 2b from the Draft EIS
were eliminated because they are so similar to

SOS 2c. SOS 2a is identical to SOS 2c except for
the lack of an assumed additional 427 KAF of water
from the upper Snake River Basin. This additional
water did not cause significant changes to the effects
between SOS 2a and 2c. There is no reason to
continue to consider an alternative that has impacts

- essentially equal to another alternative. SOS 2b is

also similar to SOS 2c, except it modified operation
at Libby for Kootenai River white sturgeon. Such
modifications are included in several other alterna-
tives, namely SOS 2d, 9a, 9¢c, and the Preferred
Alternative.

SOS 3a and 3b, included in the Draft EIS, have
been dropped from consideration in the Final EIS.
Both of these alternatives involved anadromous fish
flow augmentation by establishing flow targets based
on runoff forecast on the Columbia and Snake
Rivers. SOS 3b included additional water from the
upper Snake River Basin over what was assumed for
SOS 3a. This operation is now incorporated in
several new alternatives, including SOS 9a and 9b.
Public comment also did not support continued
consideration of the SOS 3 alternatives.
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Table 4-2. Summary of Alternatives in the Draft and Final EIS

Draft EIS Alternatives

Final EIS Alternatives

SOS1 Pre—ESA Operation
SOS 1a Pre—Salmon Summit Operation
SOS 1b Optimum Load Following Operation

SOS2 Current Practice

SOS 2a Final Supplemental EIS Operation

SOS 2b Final Supplemental EIS with Sturgeon
Operations at Libby

SOS2c¢  Final Supplemental EIS Operation —
No—Action Alternative

SOS3 Flow Augmentation

SOS 3a Monthly Flow Targets

SOS 3b Monthly Flow Targets with additional
Snake River Water

SOS 4 Stable Storage Project Operation

SOS 4al Enhanced Storage Level Operation

SOS 4a3 Enhanced Storage Level Operation

SOS 4b1 Compromise Storage Level Operation

SOS 4b3 Compromise Storage Level Operation

SOS 4c Enhanced Operation with modified
Grand Coulee Flood Control

SOS 5 Natural River Operation

SOS 52 Two Month Natural River Operation

SOS 5b Four and One Half Month Natural River
Operation

SOS 6 Fixed Drawdown

SOS 6a Two Month Fixed Drawdown Operation

SOS 6b Four and One Half Month Fixed
Drawdown Operation

SOS 6c  Two Month Lower Granite Drawdown
Operation

SOS 6d Four and One Half Month Lower
Granite Drawdown Operation

SOS 7 Federal Resource Agency Operations
SOS 7a Coordination Act Report Operation
SOS 7b Incidental Take Statement Flow Targets
SOS 7c¢  NMFS Conservation Recommendations

Bold indicates a new or revised SOS alternative

SOS1
SOS 1a
SOS 1b

SOS 2
SOS2c

SOS 2d

SOS 4
SOS 4c

SOS 5
SOS 5b

SOS 5¢

SOS 6
SOS 6b

SOS 6d

SOS 9

SOS 9a
SOS 9%
SOS 9¢

Pre—ESA Operation
Pre —Salmon Summit Operation
Optimum Load Following Operation

Current Practice

Final Supplemental EIS Operation —
No—Action Alternative

1994—98 Biological Opinion Operation

Stable Storage Project Operation
Enhanced Operation with modified
Grand Coulee Flood Control

Natural River Operation

Four and One Half Month Natural River
Operation '

Permanent Natural River Operation

Fixed Drawdown :

Four and One Half Month Fixed Drawdown
Operation

Four and One Half Month Lower Granite
Drawdown Operation

Settlement Discussion Alternatives
Detailed Fishery Operating Plan
Adaptive Management

Balance Impacts Operation

SOS Preferred Alternative
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SOS 4 originally included 5 options in the Draft EIS.
They were similar in operation and impact. In SOS
4a and 4b, the primary feature was the use of Bio-
logical Rule Curves for Libby and Hungry Horse
reservoirs. SOS 4c also included these rule curves
but went further by optimizing the operation of the
other storage projects, particularly Grand Coulee
and Dworshak. For the Final EIS, the SOR agencies
have decided to update the alternative by substitut-
ing the IRC for the Biological Rule Curves and by
eliminating SOS 4a and 4b. The IRCs are a more
recent, acceptable version of minimum elevations for
Libby and Hungry Horse. Significant public com-
ment in support of this alternative with IRCs was
received. Similar to SOS 2 above, SOS 4a and 4b
were not different enough in operation or impacts to
warrant continued consideration.

The Natural River (SOS 5) and the Spillway Crest
Drawdown (SOS 6) alternatives in the Draft EIS
originally included options for 2 months of drawdown
to the appropriate pool level and 4 1/2 months of
drawdown. The practicality of 2—month drawdowns
was questioned during public review, particularly for
the natural river. It did not appear that the time
involved in drawing down the reservoirs and later
refilling them provided the needed consideration for
other uses. Flows are restricted to refill the reser-
voirs at a time when juvenile fall chinook are migrat-
ing downstream and various adult species are return-
ing upstream. The 2 1/2 month drawdown strategies
(SOS 5a, 6a, and 6¢) have been dropped from the
Final EIS. However, 2 1/2 month spillway crest
drawdown at all four lower Snake projects is still an
element in SOS 9c, so the impacts associated with
this type of operation are assessed in the Final EIS.

A new option was added to SOS 5, namely SOS 5c.
This option includes natural river drawdown of the
lower Snake River projects on a permanent, year—
round basis. The Corps received comment on this
type of alternative during the review of Phase I of
the SCS, a reconnaissance assessment of potential
physical modifications for the system to enhance fish
passage. Many believe the cost for such modifica-
tion would be less than that required for periodic,
temporary drawdowns, which would require special-

ized facilities to enable the projects to refill and
operate at two different pool elevations.

SOS 7 Federal Resource Agencies Operations, which
included 3 options in the Draft EIS, has been
dropped from the Final EIS and replaced with an
alternative now labeled as SOS 9 that also has 3 op-
tions. SOS 7a was suggested by the USFWS and
represented the State fishery agencies and tribes’
recommended operation. Since the issuance of the
Draft EIS, this particular operation has been revised
and replaced by the DFOP (SOS 9a). The SOR
agencies received comment that the DFOP was not
evaluated, but should be. Therefore, we have in-
cluded this alternative exactly as proposed by these
agencies; it is SOS 9a. SOS 7b and 7c were suggested
by NMFS through the 1993 Biological Opinion. This
opinion suggested two sets of flow targets as a way of
increasing flow augmentation levels for anadromous
fish. The flow targets came from the Incidental Take
Statement and the Conservation Recommendation
sections of that Biological Opinion. The opinion was
judged as arbitrary and capricious as a result of legal
action, and these operational alternatives have been
replaced with other alternatives that were developed
through settlement discussions among the parties to
this Jawsuit. SOS 7b and 7c have been dropped, but
SOS 9b and 9c have been added to represent opera-
tions stemming from NMFS or other fishery agencies.
In particular, SOS 9b is like DFOP but has reduced
flow levels and forgoes drawdowns. It is a modifica-
tion to DFOP. SOS 9c incorporates elements of
operation supported by the State of Idaho in its
“Idaho Plan.” It includes a 2 1/2—month spillway
crest drawdown on the lower Snake River projects
and several other elements that attempt to strike a
balance among the needs of anidromous fish, resi-
dent fish, wildlife and recreation.

Shortly after the alternatives for the Draft EIS were
identified, the Nez Perce Tribe suggested an opera-
tion that involved drawdown of Lower Granite,
significant additional amounts of upper Snake River
water, and full pool operation at Dworshak (i.e.,
Dworshak remains full year round). It was labeled
as SOS 8a. Hydroregulation of that operation was
completed and provided to the Nez Perce Tribe. No
technical response has been received from the Nez
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Perce Tribe regarding the features or results of this
alternative. However, the elements of this operation
are generally incorporated in one or more of the
other alternatives, or impose requirements on the
system or specific projects that are outside the range
considered reasonable. Therefore, this alternative
has not been carried forward into the Final EIS.

The Preferred Alternative represents operating
requirements contained in the 1995 Biological
Opinions issued by NMFS and USFWS on operation
of the FCRPS. These opinions resulted from ESA
consultation conducted during late 1994 and early
1995, which were a direct consequence of the lawsuit
and subsequent judgement in Idaho v. NMFS. The
SOR agencies are now implementing this operating
strategy and have concluded that it represents an
appropriate balance among the multiple uses of the
river. This strategy recognizes the importance of
anadromous fish and the need to adjust river flows
to benefit the migration of all salmon stocks, as well
as the needs of resident fish and wildlife species at
storage projects.

4.2 GENERAL DISCUSSION

The Flood Control Work Group (FCWG) used the
flood—frequency curves for SOS 2c only for compari-
son to other SOSs. Even though most of the frequen-
cy curves for SOS 2c reasonably represent the official
curves, the dollar amounts of flood damages pres-
ented by the Economics Work Group for all SOSs
cannot be construed as “real” dollar amounts be-
cause the level of detail used in this analysis did not
allow precise determination of damages. On a rela-
tive scale, however, the.adopted frequency curves do
accurately reflect which alternatives are better or
worse than SOS 2c and each other.

4.2.1 VARQ (Variable Outflow based on
Forecast)

During screening, the FCWG introduced a method of
modifying SRDs, in which the outflow assumed
during refill was allowed to vary based on forecast.
This procedure was designed to reduce the 30 April

system flood control draft at Libby, Hungry Horse,
and Dworshak without compromising flood control
substantially. Basically, the releases from these projects
during refill (post—30 April) would be increased as

the inflow volume runoff forecast to each project
decreased. If water that is normally stored during the
refill period is instead passed through the project, then
the amount of space in the project required to store
that water is reduced. Therefore, the 30 April draft
requirement, as specified by the SRD, is reduced in
lower runoff years. In years where the inflow volume
runoff forecast is high, then flood control outflows
during refill are set to minimum and full reservoir
draft is effected.

The VARQ flood control rule curves are primarily
associated with system flood control. So, in a given
year, if the 30 April VARQ elevation at a project is
higher than the elevation required for local flood
control, then the VARQ elevation is lowered to that
of local flood control. This was the case at Dworshak
in all years. So when VARQ is said to be used at
Dworshak, it is in reality the local flood control rule
curve.

Preliminary assessments of VARQ both in the
screening and full scale phases of SOR indicate that
the impact to system flood control of implementing
VARQ is relatively minor; although there is an
increased risk of flooding at the local level. Howev-
er, the FCWG believes that further refinements of
the rules governing use of VARQ can improve its
performance which may lead to its adoption on an
official basis.

4.2.2 Birchbank

Birchbank flow is the sum of outflows from Arrow
and the Kootenay River plus any minor local inflow
between the confluence of the Kootenay and Colum-
bia Rivers and the Birchbank gage (river mile 762.8,
river kilometer 1235.7). The FCWG performed the
flood control analysis of Birchbank using outflows
produced by HYDROSIM for Mica, Duncan, Corra
Linn and Revelstoke, and end—of—month elevations
for Arrow.
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4.2.3 Bonners Ferry

Bonners Ferry stage is influenced by results from
three factors: 1) Libby outflow, 2) uncontrolled local
inflow between Libby Dam and Bonners Ferry, and
3) Kootenay Lake forebay which can have backwater
effects on Bonners Ferry. Therefore, the operations
of Libby, Duncan, and Corra Linn influence the
stage at Bonners Ferry. The constraints placed on
Kootenay Lake elevations by the International Joint
Commission (IJC) were adhered to by forcing Corra
Linn Dam to follow an Upper Rule Curve which
mimics the IJC guidelines. Libby Dam’s outflows
were determined by HYDROSIM.

4.2.4 Columbia Falls

Flow at Columbia Falls results from Hungry Horse
outflows and uncontrolled local inflows from the
middle and south forks of the Flathead River. The
local inflows are by far the most damaging component
of flooding at Columbia Falls. In 1964 a flood oc-
curred in the Flathead basin that eclipsed all others
in the basin to the point that the peak for 1964 tends
to skew all frequency curves at Columbia Falls and
Flathead Lake. This flood was primarily rain induced
and is unlike most other floods which are caused
primarily by snowmelt. The official frequency curve
for Columbia Falls is actually a combined, or mixed
population, curve of rainfall and snowmelt. There-
fore, there are two upper portions of the curve, one
defined by snowmelt and one defined by rainfall.

The recorded 1964 and 1975 events define the upper
portion of the frequency curve attributable to rainfall.
The flood of 1964, if included with all other events,

is a high outlier, which is an event that departs
significantly from the trend of the remaining data.
Normal treatment of a high outlier by Bulletin 17B is
to: 1) drop the event, 2) recompute the statistics,

3) compute period of record weighting based on the
new and initial statistics, and 4) recompute the fre-
quency curve. The effect of this treatment is to lower
the upper end of the frequency curve which was
initially computed with the outlier as part of the

data. This is the procedure adopted by the FCWG for
the frequency analysis of Columbia Falls taking into
account 1964. The flood of that year is by far the

largest in all of the SOSs and therefore does not
unfairly bias one SOS over another. The Columbia
Falls frequency curves were developed by the FCWG
taking into consideration the dominant and skewing
effect of the 1964 flood. The FCWG modeled
Columbia Falls using the outflows produced for
Hungry Horse by HYDROSIM.

4.2.5 Kerr Dam/Flathead Lake

In day—to—day regulation, the forecast of a large
flood would trigger a delay of the refill of Kerr Dam,
which would make storage available in Flathead Lake
allow some of the flood water to be stored, and
reduce the peak lake stage. In the HYDROSIM
model runs, Flathead Lake’s end—of—May “target
elevation” is really a maximum pool limit established
by a set of PNCA non—power requirements. This
maximum pool limit did not force Flathead Lake’s
pool to be at a specific elevation by the end of May.
In effect, this allowed the pool to “float” during May
with limited regard to flood potential. In a few of
the years, this tended to limit Flathead Lake’s ability
store flood water in June because the month started
off ill—prepared to store runoff. Most of the time this
did not force the lake above normal full pool; how-
ever, in a few of the medium—high runoff years, the
maximum pool surcharged 0.1 or 0.2 of a foot. This
is not considered realistic because routine real—time
daily regulation would bring these peaks down to a
normal level. See paragraph 3.2 for a detailed
discussion of the reasons for the decision not to
spend the time to perform a detailed regulation. The
Flathead Lake frequency curves were developed
taking this simulation problem into account using
historic events as guidance. In all the SOSs, the
FCWG regulated Flathead Lake as prescribed by the
Kerr Dam outflows produced by HYDROSIM. The
FCWG calculated Flathead Lake reservoir elevations
by computing a change in lake contents (inflow
minus outflow) and converting the resulting end—
of—period storage to an elevation.

I

4.2.6 Albeni Falls Dam/Lake Pend Oreille

Pend Oreille Lake is operated almost identically to
Flathead Lake with respect to end—of—May eleva-
tions. The FCWG modeled Lake Pend Oreille by
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releasing flows from Albeni Falls Dam as prescribed
by the HYDROSIM model. The FCWG computed
Lake Pend Oreille reservoir elevations by computing
a change in lake contents (inflow minus outflow) and
converting the resulting end—of period storage to an
elevation.

4.2.7 Spalding

Dworshak Dam outflows, uncontrolled mainstem
Clearwater River flows at Orofino, and uncontrolled
local inflows between Dworshak Dam and Spalding
contribute to flow at Spalding. Flows at the Spalding
gage represent flows that will occur at the Lewiston
Levee damage center, twelve miles below Spalding.
Dworshak was regulated according to the outflows
produced by HYDROSIM.

4.2.8 The Dalles

Although some very minor “flood” damages are
incurred for flows as low as 200,000 cfs (5665 m3/s),
for this report, the reference level of 450,000 cfs
(12,744 m3/s) is used to represent a zero damage
level. Water budget flows sustain flows for long
periods of time when flow recession would otherwise
occur. This can cause flooding problems behind leveed
areas of the Lower Columbia River below Vancouv-
er. Such problems occur when flows in the Columbia
don’t recede naturally when high tides are present;
thus interior runoff (runoff behind levees) can’t
drain into the Columbia thereby causing “man—
made” flooding behind the levees.

4.3 IMPACTS OF THE ALTERNATIVES

Some general summary information is available in
several tables. Table 4—3 shows for each SOS which
flood control upper rule curve(s) was used for Dwor-
shak, Libby, Hungry Horse, and Grand Coulee in
the corresponding HYDROSIM run. Tables 4—4
through 4—12 summarize the impacts of the alterna-
tive scenarios in terms of their flood—frequency
values. Technical Exhibit A presents the adopted
flood—frequency curves of the maximum one—day
peak flows or stages for the 50 years studied for each
control point for each SOS. The only results pres-

ented in this paragraph (4.3) are limited to

Tables 4—3 through 4—12 and a discussion of how the
no—action alternative, SOS 2c, compares with the
official frequency curve for each control point loca-
tion.

In order to make a connection with existing flood
control criteria, the no—action alternative has to
reflect current flood control guidelines as stated in
the CRT—63 (June, 1991). This document updated
flood control rule curves for major reservoirs and
assessed system flood control capability (a frequency
curve at The Dalles). Comparison of The Dalles’
frequency curve from SOS 2c and that from
CRT—63 shows that indeed the curves are similar.

SOS 2c shifted system flood control to Grand Coulee
for April—July volume runoff forecasts up to 3.0 maf
at Dworshak if space is available in Grand Coulee.
See paragraph 2.5.1.1 for details of shifting flood
control to Grand Coulee.

431 SO0S2c

The following paragraphs describe simulation results
for SOS 2c in comparison with previously developed
flood frequency curves. A frequency curve for SOS
2c reflects certain modeling assumptions already
described, and it is limited to a 50—year period of
record. A thorough frequency derivation would
employ a longer period of record, if available, and
make other adjustments that are a standard practice.
These curves are denoted as “official” in the follow-
ing discussions.

4.3.1.1 Birchbank flow

According to B.C. Hydro, there is no official frequen-
cy curve for the Birchbank location. However, B.C.
Hydro did release a report (Report No. H 1598, 1983)
which presented a regulated flood—frequency curve
for Murphy Creek (just upriver of Trail, B.C.), which
is very close to the Birchbank gage. No significant
local inflow occurs between the Murphy Creek
location and Birchbank. The published frequency
curve is valid for exceedance frequencies of 20
percent and less (the upper end of the frequency
curve). Only two points on this curve are comparable
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to that of SOS 2c: the 1 percent event of SOS 2c is
232,000 cfs (6570 m3/s) compared to 252,000 cfs
(7130 m3/s) in the draft report; and the 10 percent
event of SOS 2c is 185,000 cfs (5239 m3/s) compared
to 194,200 cfs (5500 m3/s) in the draft report. This
gives an indication that SOS 2¢’s frequency curve at
Birchbank is reasonable and acceptable. Differences
between the two curves can be attributed to different
operating strategies for projects upstream of Birch-
bank.

4.3.1.2 Bonners Ferry stage

The official Bonners Ferry flood—frequency curve
appears in CRT—63. The frequency curve for SOS 2¢
is very similar to the official curve and appears to
adequately reflect existing conditions. Major damage
protection afforded by the Libby project is now
approximately equal to the 0.5 percent exceedance
frequency (200—year event). On the other hand,
there is strong evidence that the levees have not been
maintained to their original standard, thus potential-
ly lowering their degree of protection.

4.3.1.3 Columbia Falls flow

A detailed discussion of the development of the
official Columbia Falls flood—frequency curve is in
paragraph 4.2.4. The official curve is presented in
CRT-63 which indicates that the zero damage level
is 48,000 cfs (1360 mfs). Since the publication of
CRT-63, some levee improvements have been made
which have raised the zero damage level up to
52,000 cfs (1470 m3/s). Because Hungry Horse
controls only 37 percent of the drainage area above
Columbia Falls, the exceedance of the zero damage
level is a relatively frequent event (about once every
three years on the SOS 2c frequency curve), even
when Hungry Horse releases minimum outflows. The
flood—frequency curve for Columbia Falls for SOS
2c is similar to the official curve, but a little steeper,
which increases the mean and higher events slightly.
The differences between the two curves are not
dramatic, and SOS 2c appears to reasonably reflect
existing conditions at Columbia Falls.

4.3.1.4 Flathead Lake stage

The ‘most current flood—frequency curve for Flathead
Lake stage was developed in 1965 by the Seattle
District, Corps of Engineers. Unfortunately, the
frequency curve does not include the 1964 or 1894
floods, which help to define the upper end of the
frequency curve for Flathead Lake stage. Therefore
the “official” flood—frequency curve tends to under-
estimate Flathead Lake’s maximum annual stage for
the larger floods. This is evident by looking at the
SOS 2c frequency curve, which more accurately
describes the current distribution of annual peak
stage, where approximately once in every 10 years a
flood will force Flathead Lake to above normal full
pool. The SOS 2c¢ simulation results in a number of
years in which stages which are slightly above (within
0.2 to 0.3 foot, 0.06 to 0.09 meters) normal full pool.
The FCWG believes that there is some regulation
flexibility available to reduce those peaks down to
normal full pool, and the frequency curve has been
drawn to reflect this.

4.3.1.5 Flathead Lake (Kerr Dam) outfiow

The flood peak attenuation effect of Flathead Lake is
dramatically manifested by the frequency curve of
Kerr outflow. For SOS 2c at Columbia Falls, the
1964 flood produced a peak of over twice the size of
the next largest peak, yet the Kerr Dam outflow for
1964 is only 10 percent higher than the second
largest event. An “official” flood—frequency curve
for Flathead Lake outflow was prepared by the
Seattle District, Corps of Engineers in 1967. The
one percent event (100—year) for the official curve is
66,000 cfs (1869 m3/s) compared with 80,000 cfs
(2266 m3/s) for SOS 2c. Both curves have the same
flow for the 50 percent event. The SOS 2c curve is
above the official curve for larger events because no
detailed regulation was performed on Flathead
Lake. The FCWG believes that a modest amount of
regulation would bring the SOS 2¢ frequency more
in line with the official curve. Therefore, the FCWG
believes that the distribution of HYDROSIM regu-
lated outflows for SOS 2c appears reasonable and
depicts current operation.
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4.3.1.6 Lake Pend Oreille stage

The relative magnitude of the 1964 flood in the
Flathead does not carry through to the Clark Fork
River for two reasons: 1) the 1964 flood was local to
the Flathead basin only, and 2) the peak was atte-
nuated by Flathead Lake. The highest elevation at
Lake Pend Oreille in SOS 2c¢ was in 1948, a flood
which impacted the entire Columbia River basin. A
preliminary “official” flood—frequency curve for
Lake Pend Oreille stage was prepared in 1990 by the
Seattle District, Corps of Engineers and includes
events from 1914—1989. The 1894 flood provided
guidance for the extreme upper end of the official
frequency curve. The 1 percent event is exactly the
same (2070 feet, 631.9 meters) for the SOS 2¢ and
official frequency curves. However, in SOS 2c, the
intersection of the upper end of the frequency curve
with normal full pool (horizontal portion of the
curve) is shifted left of the same intersection on the
official curve. The official curve expects Lake Pend
Oreille to be above normal full pool on the average
once every 10 years, while SOS 2c indicates once
every 4 years. As in the case of Flathead, The
FCWG believes that there is some regulation flexi-
bility available to reduce some of the events down to
normal full pool and bring the SOS 2c frequency
more in line with the official curve.

4.3.1.7 Lake Pend Oreille (Albeni Falls Dam)
outflow

Over half of the years of regulated outflows from
Albeni Falls dam for SOS 2c were above the zero
damage level of 85,000 cfs (2410 m3/s). However,

according to the Economics Work Group, only
“nuisance flooding” occurs between 85,000 cfs and
120,000 cfs (3398 m3/s) at which point substantial
damages begin to accrue. In SOS 2c, only six regu-
lated flows at Newport were above 120,000 cfs. A
preliminary “official” flood—frequency curve for Lake
Pend Oreille outflow was prepared in 1990 by the
Seattle District, Corps of Engineers and includes
events from 1903—1989. The official frequency curve
and that of SOS 2c are nearly identical. SOS 2c does
a good job reflecting current conditions.

4.3.1.8 Spalding flow

The only “official” flood—frequency curve for Spald-
ing (with the effects of Dworshak regulation) was
published in 1963 by the Walla Walla District, Corps
of Engineers. Dworshak had not yet been
constructed, so the regulation of Dworshak was
applied to all years which comprised the frequency
curve. Unfortunately, the manner in which Dwor-
shak was regulated for the development of the

frequency curve is unknown. However, the frequency

curve of the unregulated flows at Spalding provide
an indication of the expected shape of the SOS 2¢
curve. From this information, the FCWG concluded
that the flood—frequency curve for SOS 2c for
Spalding flow was reasonable.

4.3.1.9 The Dalles flow

The frequency curve for The Dalles for SOS 2c is
similar enough to the current official frequency curve
published in CRT—63 (1987) to realistically represent
current system flood control capability.
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Table 4-3. Summary of Upper Rule Curves Used

S0S DWORSHAK LIBBY onaY | GRAND COULEE
la CRT-63 CRT-63 CRT-63 CRT-63
1b CRT-63 CRT-63 CRT-63 CRT-63
2c Shift to Grand Coulee CRT-63 CRT-63 Shift from Dworshak
2d Shift to Grand Coulee IRC/CRT-63 | CRT-63 Shift from Dworshak
4c VARQ/Elev. Targets IRC IRC IRC
5b Shift to Lower Snake CRT-63 CRT-63 CRT-63
5c Shift to Lower Snake CRT-63 CRT-63 CRT-63
6b Shift to Lower Snake CRT-63 CRT-63 CRT-63
6d Shift to Lower Snake CRT-63 CRT-63 CRT-63
9a Shift to Grand Coulee CRT-63 CRT-63 Shift from Dworshak
9b Shift to Grand Coulee CRT-63 CRT-63 Shift from Dworshak
9¢ Shift to Grand Coulee CRT-63 CRT-63 Shift from Dworshak
PA Shift to Grand Coulee CRT-63 CRT-63 Shift from Dworshak

CRT-63 —Official Curve as contained in Columbia River and Tributaries Study, CRT—63 (June, 1991)
IRC — Integrated Rule Curve
VARQ —Variable Outflow, 30 April flood control draft reduced to reflect increased outflows in May—July.
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Table 4-4. Summary of SOSs for Birchbank Flow

No. of ADOPTED FREQUENCY CURVE
SOS X;‘(‘)‘;se lh—/l;l)’:y Y;:;x‘.’f Exceedance Frequency
Flood Peak* Peak
Stage 1% 10% 50% 90% 99%
la 1 229,416 1961 232,000 | 183,000 | 139,000 | 106,000 85,900
1b 1 | 227,456 1961 231,000 | 188,000 | 143,000 | 106,000 81,700
2c 1 231,385 1961 232,000 | 185,000 | 143,000 | 113,000 94,400
2d 0 217,271 1967 245,261 199,858 | 153,899 | 117,166 93,009
4c 1 237,201 1961 240,512 | 189,897 | 142,117 | 106,359 83,976
5b 1 230,617 1961 232946 | 184,007 | 141,935 | 112,968 95,879
5c 1 230,873 1961 232939 | 183,993 | 141,918 | 112,949 95,861
6b 1 230,617 1961 232,946 | 184,007 | 141,935 | 112,968 95,879
6d 1 230,617 1961 232946 | 184,007 | 141,935 | 112,968 95,879
9a 1 233,896 1961 232,635 | 190,387 | 153,793 | 128,494 | 113,603
9b 0 214,238 1967 240,219 | 196,615 | 153,784 | 120,284 98,450
9¢ 0 219,295 1967 247,190 | 199,467 | 153,321 | 117,851 95,098
PA 0 219,985 1967 244,689 | 199,508 | 155,316 | 120,913 98,586
* Multiply flows in cfs by 0.0283 to convert to m3/s.
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Table 4-5. Summary of SOSs for Bonners Ferry Stage

No. of ADOPTED FREQUENCY CURVE
05 | Abwwe | by | e ExcedaesFregueny
gig;: Peak™ |  Peak 1% 10% 50% 90% 99%
la 1 1767.4 1974 17684 | 17634 | 17575 | 17519 | 1747.6
1b 1 1767.4 1974 17689 | 17635 | 17572 | 17513 | 1746.8
2¢ 2 1767.2 1974 17683 | 17633 | 1757.6 | 17520 | 17477
2d 1 1767.0 1948 1769.4 | 17637 | 17575 | 17521 1748.2
4c 6 17783 1961 17758 | 1769.0 | 1760.6 | 17523 | 17457
5b 2 1767.4 1974 1768.5 | 17629 | 1757.0 | 17518 | 1748.0
5¢ 2 1767.4 1974 17684 | 17629 | 1757.0 | 1751.8 | 1748.1
6b 2 1767.4 1974 1768.5 | 17629 | 17570 | 1751.8 | 1748.0
6d 2 1767.4 1974 17685 | 17629 | 17570 | 1751.8 | 17480
9a 4 1770.3 1934 1769.2 | 17658 | 17620 | 17586 | 1756.0
9 4 17703 1934 17695 | 17650 | 1759.3 1753.4 | 17485
9¢ 6 1774.5 1948 17748 | 17675 | 17593 | 1751.7 | 1746.1
PA 9 1770.3 1934 1770.1 1766.1 1760.7 | 17549 | 17499
* Multiply elevations in feet by 0.3048 to convert to meters
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Table 4-6. Summary of SOSs for Columbia Falls Flow

No. of ADOPTED FREQUENCY CURVE
SOS Z:)Zl\.'se llt-/[;i)’;y Y;:;x‘.’f Exceedance Frequency

Flood Peak* Peak

Stage 1% 10% | S0% | %% | 9%
la 13 159,465 1964 90,000 65,000 42,000 27,000 19,500
ib 12 159,465 1964 90,000 65,000 42,000 | 27,000 19,500
2c 14 156,320 1964 90,000 65,000 42,000 27,000 19,500
2d 14 156,320 1964 109,816 70,019 42,665 27,599 20,182
4c 16 158,795 1964 105,823 72,662 44,966 27,251 17,833
5b 14 159,465 1964 90,000 65,000 42,000 27,000 19,500
5¢ 14 159,465 1964 111,116 69,401 42,038 27,564 20,640
6b 14 159,465 1964 90,000 65,000 42,000 27,000 19,500
6d 14 159,465 1964 90,000 65,000 42,000 |. 27,000 19,500
9a 19 156,320 - 1964 103,111 71,767 46,779 31,042 22,512
9% 14 161,118 1964 107,291 72,066 45,041 28,709 20,173
9¢ 16 158,795 1964 106,012 72,583 44,754 27,019 17,624
PA 19 161,118 1964 - | 113,169 71,484 44 497 30,367 23,674

* * Multiply flows in cfs by 0.0283 to convert to ms.
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Table 4-7. Summary of SOSs for Flathead Lake Elevation

No. of ADOPTED FREQUENCY CURVE
SOS Z;?)l;se 11\_4;’:)’ Y;::x‘.’f Exceedance Frequency
stae | | eale | Peak |y 0% | 50% | 9% | 99%
la 7 2894.2 1964 2894.7 2893.1 2893.1 2893.1 2893.1
1b 6 2894.2 1964 2894.7 2893.1 2893.1 2893.1 2893.1
2c 10 2894.6 1964 2894.7 2893.1 2893.1 2893.1 2893.1
2d 10 2896.6 1964 2894.7 2893.1 2893.1 2893.1 2893.1
4c 11 2895.3 1964 2894.7 2893.1 2893.1 2893.1 2893.1
5b 9 2894.2 1964 2894.7 2893.1 2893.1 2893.1 2893.1
5¢ 9 28942 1964 2894.7 2893.1 2893.1 2893.1 2893.1
6b 9 2894.2 1964 2894.7 2893.1 2893.1 2893.1 2893.1
6d 9 2894.2 1964 2894.7 2893.1 2893.1 2893.1 2893.1
9a 6 2894.8 1964 2894.7 2893.1 2893.1 2893.1 2893.1
9b 10 2894.7 1964 2894.7 2893.1 2893.1 2893.1 2893.1
9c 11 2894.8 1964 2894.7 2893.1 2893.1 2893.1 2893.1
PA 14 2895.1 1964 2895.5 2894.0 2893.1 2893.1 2893.1
* Multiply elevations in feet by 0.3048 to convert to meters
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Table 4-8. Summary of SOSs for Flathead Lake Outflow

No. of ADOPTED FREQUENCY CURVE
o | e | M | Yt Bt oo
2{‘;‘;‘: Peak” |  Peak 1% 10% 50% 90% 99%
la 36 65274 | 1964 | 80,000 | 52,000 | 37,100 | 19,300 | 10,000
1b 34 65212 | 1964 | 80,000 | 52,000 | 37,100 | 19,300 | 10,000
2 36 68213 | 1964 | 80,000 | 52,000 | 37,100 | 19,300 | 10,000
2d 42 83007 | 1974 | 80,000 | 52,000 | 37,100 | 19300 | 10,000
4c 41 69,869 | 1964 | 80,000 | 52,000 | 37,100 | 19,300 | 10,000
5b 38 65265 | 1964 | 80,000 | 52,000 | 37,100 | 19,300 | 10,000
5c 38 65356 | 1964 | 80,000 | 52,000 | 37,00 | 19,300 | 10,000
6b 38 65265 | 1964 | 80,000 | 52,000 | 37,100 | 19300 | 10,000
6d 38 65265 | 1964 | 80,000 | 52,000 | 37,000 | 19,300 | 10,000
9a 43 69,478 | 1964 | 80,000 | 52,000 | 37,000 | 19,300 | 10,000
9b 39 68380 | 1964 | 80,000 | 52,000 | 37,000 | 19,300 | 10,000
9¢ 39 69470 | 1964 | 80,000 | 52,000 | 37,000 | 19,300 | 10,000
PA 41 68250 | 1964 | 87,000 | 61,000 | 42,700 | 26300 | 10,000
* Multiply flows in cfs by 0.0283 to convert to m3/s.
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Table 4-9. Summary of SOSs for Lake Pend Oreille Elevation

No.of | - ADOPTED FREQUENCY CURVE
SOS X;?):se 1{‘;‘)’;}} Y;;:x‘.’f Exceedance Frequency

Staee Peak® | Peak | g 0% | 50% | 9% | 99%
la 16 20684 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
1b 16 20683 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
2% 17 2069.1 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
2d 24 2069.1 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
4c 19 2069.1 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
5b 17 20685 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
Sc 17 20685 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
6b 17 20685 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
6d 17 20685 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
92 19 2069.1 | 1948 | 20703 | 20652 | 20625 | 20625 | 2062.5
9b 20 2069.1 | 1948 | 20703 | 20652 | 20625 | 20625 | 2062.5
9¢ 20 2069.1 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625
PA 19 2069.1 | 1948 | 20703 | 20652 | 20625 | 20625 | 20625

* Multiply elevations in feet by 0.3048 to convert to meters
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Table 4-10. Summary of SOSs for Lake Pend Oreille Outflow

g:;r"sf vor | Year of ADOPTED FREQUENCY CURVE
SOS Above (- D:;y Max. Exceedance Frequency
Flood Peak* Peak
Stage 1% 0% | 50% | 9% | 9%
la 25 148,935 1948 170,000 | 125,000 82,200 36,500 14,000
1b 25 148,753 1948 170,000 | 125,000 82,200 36,500 14,000
2c 26 154,744 1948 170,000 | 125,000 82,200 36,500 14,000
2d 32 154,738 1948 170,000 | 125,000 82,200 36,500 14,000
4c 27 155,253 1948 170,000 | 125,000 82,200 36,500 14,000
5b 26 149,887 1948 170,000 | 125,000 82,200 36,500 14,000
5c 26 149,889 1948 170,000 | 125,000 82,200 36,500 14,000
6b 26 149,887 1948 170,000 | 125,000 82,200 36,500 14,000
6d 26 149,887 1948 170,000 | 125 ,OQO 82,200 36,500 14,000
9a 28 154,956 1948 170,000 | 125,000 82,200 36,500 14,000
9b 28 155,256 1948 170,000 | 125,000 82,200 36,500 14,000
9¢c 26 155,226 1948 170,000 | 125,000 82,200 36,500 14,000
PA 28 155,257 1948 170,000 | 125,000 82,200 36,500 14,000

* Multiply flows in cfs by 0.0283 to convert to m3/s.

4-32 - FINAL EIS 1995




Flood Control Appendix

Table 4-11. Summary of SOSs for Spalding Flow
1;:;: x| Year o ADOPTED FREQUENCY CURVE
SOS Above l—D:;y Max. Exceedance Frequency
Flood Peak* Peak
Stage 1% 10% 50% 90% 99%
la 1 124,470 1948 120,000 87,400 60,700 43,400 33,700
'1b 1 124,470 1948 120,000 88,200 59,600 39,600 28,000
2c 1 124,470 1948 118,000 90,600 63,600 43,300 30,900
2d 1 124,470 1948 118,600 88,765 63,039 45,413 35,124
4c 1 130,335 1948 122,045 92,346 62,643 40,289 26,980
5b 1 130,335 1948 124,556 92,872 61,725 38,786 25,431
5c 1 130,335 1948 122,890 92,544 62,362 39,808 26,476
6b 1 130,335 1948 122,890 92,543 62,362 39,807 26,476
-6d 1 130,335 1948 122,890 92,543 62,362 39,807 26,476
9a 1 124,470 1948 124,124 88,206 59,770 41,813 31,971
9 1 124,470 1948 116,174 91,181 66,046 46,483 34,149
9c 1 124,470 1948 122,218 88,405 60,305 41,780 31,366
PA 1 124,470 1948 119,881 89,308 62,238 | 43,374 32,312

* Multiply flows in cfs by 0.0283 to convert to m3/s.
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Table 4-12. Summary of SOSs for The Dalles Fiow
No. of ADOPTED FREQUENCY CURVE
05 | A | by | er Excsiees roion
gg‘;‘: Peak™ | Peak 1% 10% 50% 90% 99%
1a 20 780,135 1948 792,000 | 587,000 | 412,000 | 294,000 | 225,000
1b 20 775,978 | 1948 | 775,000 | 588,000 | 408,000 | 274,000 | 193,000
2¢ 22 782,598 1948 | 779,000 | 592,000 | 416,000 | 288,000 | 211,000
2d 18 754,046 1948 800,580 | 591,000 | 407,289 | 280,683 | 207,205
4¢ 18 758,432 1948 | 774,703 | 597,322 | 408,731 | 260,459 | 170,610
5b 23 784,719 1948 772,762 | 592,828 | 416,558 | 283,626 | 202,405
Sc¢ 23 784,719 1948 772,762 | 592,828 | 416,558 | 283,626 | 202,405
6b 19 711,283 1948 | 766,694 | 576,822 | 401,139 | 274,583 | 199,199
6d 23 789,858 | - 1948 770,740 | 592,394 | 417,299 | 284,909 | 203,810
9a 20 758,369 1948 | 732,465 | 562,763 | 412,231 | 305,916 | 242,170
9b 23 761,401 1948 | 775,008 | 587,338 | 412,267 | 284,950 | 208,425
9¢ 13 741,831 1948 | 772,542 | 557,691 | 384,731 | 273,609 | 211,806
PA 22 760,683 1948 793,207 | 587,990 | 407,277 | 282,105 | 209,119
“* Multiply flows in cfs by 0.0283 to convert to m?/s.
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CHAPTERS5

COMPARISON OF ALTERNATIVES

5.1 GENERAL DISCUSSION

This chapter will compare and contrast the SOSs. In
many cases, the frequency curve for every location
for one SOS is the same as for another SOS. Where
differences exist, they will be noted with an explana-
tion of what caused them and why. See Table 5—1
for a station—by—station summary of which SOSs
were unique and/or similar. Exhibit A presents
comparison graphs of each location’s frequency
curve for each SOS to the corresponding curve for
SOS 2c (the no—action alternative). In Exhibit B,
each graph presents a probability plot of the 50 year
study period of maximum annual peak flow or stage
with its adopted frequency curve drawn through the
plotted points.

The 1990-91 Detailed Operating Plan (DOP) for
Columbia River Treaty Storage was used as to
specify the operation of Mica, Arrow, and Duncan.
In almost all cases, the amount of 30 April draft at
Mica was far more than required for flood control,
which overstates flood control capability. Therefore,
any recommendations from the SOR process which
call for modification of flood control criteria will be
subject to detailed study by the Corps of Engineers
to evaluate the true effect to flood control of any
change in project operation.

5.2 BIRCHBANK FLOW

For Birchbank flow, only SOS 9a was significantly
different from SOS 2c. All other SOSs produced
frequency curves similar to SOS 2c. See Tables 4—4
and 5-1 and Exhibit A for a comparison of alterna-
tives for Birchbank flow. In general, the DOP
should have produced nearly identical frequency
curves at Birchbank for all of the SOSs. However
for SOS9a, additional water was released from Libby
for sturgeon which raised the pool of Kootenay

Lake, which produced more outflow and raised the
flows at Birchbank.

5.3 BONNERS FERRY STAGE

For Bonners Ferry stage, SOSs 4c, 9a, 9b, 9¢, and PA
were significantly different from SOS 2c and from
one another. All other SOSs produced frequency
curves similar to SOS 2c, 4c, 9a, 9b, 9¢, or PA. The
effect for all when compared to SOS 2c is increased
flooding at Bonners Ferry. SOS 4c caused the most
damages, followed by SOS 9¢, SOS 9b, SOS 9a, and
SOS PA. See Tables 4—5 and 5—1 and Exhibit A for
a comparison of alternatives for Bonners Ferry
stage.

The “Integrated Rule Curves (IRC)” alternative
(SOS 4c) has attempted to accommodate flood
control. A combination of DOP at Duncan, releases
from Libby, winter runoff patterns, and Kootenay
Lake maximum elevation limits imposed by the
International Joint Commission (IJC) are controlling
flood levels at Bonners Ferry. The higher winter
elevation targets imposed by the IRCs, coupled with
above average winter runoff make it impossible to
evacuate the prescribed amount of water from
Libby by 30 April without violating the IJC limits at
Kootenay Lake. As a result, Libby cannot be
drafted as prescribed, Bonners Ferry loses flood
protection, and the resultant frequency curves at
Bonners Ferry in these SOSs are significantly higher
than the SOS 2c frequency curve. In general,
scenarios that feature additional releases from
Libby Dam for sturgeon produce more outflow
which ultimately raises the flows at Bonners Ferry.
This situation can be exacerbated when Lake
Kookanusa is held high from regulation to Inte-
grated Rule Curves. This can happen even if the
IRC:s are not in effect, but the IRCs exacerbate this
condition,
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54 COLUMBIA FALLS FLOW

For Columbia Falls, only SOS 9a was significantly
different from SOS 2c. All other SOSs produced
frequency curves similar to SOS 2c¢, or 9a. SOS 9a
increased flood damages over SOS 2c. Significantly
increased flows from Hungry Horse in April and
May in all study years resulted in raising the SOS 9a
frequency curve across all probabilities. See Tables
4—6 and 5—1 and Exhibit A for a comparison of
alternatives for Columbia Falls flow.

5.5 FLATHEAD LAKE ELEVATION

For Flathead Lake elevation, only SOS PA was
significantly different from SOS 2c. All other SOSs
produced frequency curves similar to SOS 2c or PA.
SOS PA increased flood damages over SOS 2c. In
SOS5 and SOS6, Dworshak was removed from
proportional draft requiring Hungry Horse and
Libby to be drafted heavier than in SOS 2c to try
and meet power demand. This caused an increase in
flows from Hungry Horse, which caused inflows to
Flathead Lake to increase, thereby raising the
maximum annual forebay elevation. This accounts
for the minor differences in the plotted points in the
frequency curves of SOS 2c, SOSS5, and SOS6. In
real—time operation, foreknowledge of the interac-
tion of the operations of Dworshak, Hungry Horse
and Libby would reduce the number of times that
Flathead Lake rises to above normal full pool. See
Tables 4—7 and 5—1 and Exhibit A for a comparison
of alternatives for Flathead Lake elevation.

When the frequency curves for SOS 2c, and PA are
plotted together, the SOS PA curve shifts to the left
of SOS 2c (see Figure 5—1), which ultimately forces
Flathead to above normal maximum pool more
frequently. Flathead’s normal maximum pool is
exceeded about about once every 10 years in SOS 2¢
and once every 4 years in SOS PA.

5.6 FLATHEAD LAKE/KERR DAM OUTFLOW

For Flathead Lake outflow, SOS PA was significantly
different from SOS 2c. All other SOSs produced
frequency curves similar to SOS 2c or SOS PA.

SOS PA produced a higher frequency curve (more
damages) than SOS 2c, but only for low to moder-
ately high flows. The increase in outflows from SOS
2c to SOS PA is due to the increased elevations of
Flathead Lake which increased the outflows of Kerr
Dam. See Tables 4—8 and 5—1 and Exhibit A for a
comparison of alternatives for Flathead Lake outflow.

5.7 LAKE PEND OREILLE ELEVATION

For Lake Pend Oreille elevation, all SOSs produced
frequency curves similar to SOS 2c. See Tables 4—9
and 5—1 and Exhibit A for a comparison of alterna-
tives for Lake Pend Oreille elevation. See para-
graph 4.2.6 for details of the operation of Lake Pend
Oreille.

5.8 LAKE PEND OREILLE/ALBENI FALLS
OUTFLOW

For Lake Pend Oreille outflow, all SOSs produced
frequency curves similar to SOS 2c. See Tables
4—10 and 5—1 and Exhibit A for a comparison of
alternatives for Lake Pend Oreille outflow. See
paragraph 4.2.6 for details of the operation of Lake
Pend Oreille.

5.9 SPALDING FLOW

For Spalding flow, all SOSs produced frequency
curves similar to SOS 2c. See Tables 4—11 and 5—1
and Exhibit A for a comparison of alternatives for
Spalding flow.

5.10 THE DALLES FLOW

The true barometer of system flood control impacts
is The Dalles frequency curve. SOSs 9a, and 9c were
significantly different from one other and from SOS
2c. All other SOSs produced frequency curves simi-
lar to SOS 2¢, 9a, or 9c. See Tables 4—12 and 5—1
and Exhibit A for a comparison of alternatives for
The Dalles flow. Table 4—12 assumes that flooding
starts at 450,000 cfs (12,735 m3/s), but it is recog-
nized that minor “nuisance flooding” starts at
200,000 cfs (5665 m>/s), and serious flooding does
not really start until flows reach 450,000 cfs (12,735
m>/s). The combined short—term storage of the
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four lower Snake projects produced a flood control
benefit at the Dalles for the full range of exceedance
frequencies for SOS 6b. Drawing down Lower
Granite only (as in SOS 6d) has no flood control
effect on The Dalles.

The operation of each upstream storage project
affects flow at The Dalles. In some cases, opera-
tions at two or more projects can be self—compen-
sating, i.e., for an SOS, one project’s operation can
increase flows while flows can be reduced at another
resulting in no net effect on flow at The Dalles.
Thus there can be increased local flooding at one
upstream location but no increased flooding at

The Dalles.

5.11 SUMMARY OF RESULTS

¢ There were no SOSs specifically designed to
view the effects of altering system or local
flood control, yet each of the SOSs had flood
control woven into its fabric.

»  All SOSs which incorporate the Integrated
Rule Curves decrease flood control capability
both locally and at The Dalles. The develop-
ment and supporting technical material of
the IRCs are still under development.

* The effects on flood control due exclusively
to VARQ rule curves (see paragraph 4.2.1)
are not demonstrated in any of the SOSs
because the use of VARQ is combined with
other operational considerations. The
FCWG believes, however, that VARQ has
the potential to be an effective operational

tool, which could result in increased spring
flows with minimal impact to flood control
capability. Future studies will determine the
feasibility and rules of implementation of
VARQ.

All of the alternatives in SOS 1, SOS 2, SOS
4, SOS 5, and SOS PA produced the same
results for flood control at all locations, i.e.,
no change from the no—action alternative.

Flow augmentation raises and flattens out
the lower end of a flood control frequency
curve. This results in higher minimum flows
sustained for longer periods of time which
could conflict with the design criteria of
levees and may increase dissolved gases.
Therefore, even though the magnitude of
the damaging flood peaks does not change,
structural stress on levees may still occur.
The FCWG recommends consideration be
given to mitigation for levee degradation.

Reservoir elevation targets raise the upper
end of a flood control frequency curve. This
results in higher peak flows and greater flood
damages.

All four Lower Snake projects must be drawn
down (SOS 6b) for a flood control benefit to
be realized at The Dalles. Drawing down
Lower Granite only (SOS 6d), has little or no
effect on flood control.

The only location which receives a flood
control benefit when compared to SOS 2c is
The Dalles.
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Table 5-1. SOS Comparison Matrix for Flood Control Work Group

SOS BIRB BFEI CFMM KERR KERR ALF ALF SPDI TDA
ELEV FLOW ELEV FLOW

1a 2¢’ 2c 2c 2c 2c 2c 2c 2c 2c
1b 2c 2c 2c 2c 2c 2c 2c 2c 2c
2c NAA NAA NAA NAA NAA NAA NAA NAA NAA
2d 2c 2c 2c 2c 2c 2c 2c 2c 2c
4c 2c X 2c 2c 2c 2c 2c 2c 2c
5b 2c 2c 2c 2c 2c 2c 2c 2c 2c
5c 2c 2c 2c 2c 2c 2c 2c 2c 2c
6b 2c 2c 2c 2c 2c 2c 2c 2c X
6d 2c 2c 2c 2c 2c 2c 2c 2c 2c
9a X X X 2c 2c 2c 2c 2c X
9b 2c X 2c 2c 2c 2c 2c 2c 2c
9¢ 2c X 2c 2¢ 2c 2c 2c 2c X
PA 2c X 2c X X 2¢ 2c 2c 2c

* Each entry indicates to which other SOS the SOS in question is the same, e.g., for Birchbank, the frequency
curve for SOS1a is the same as SOS2c. SOS 2c is the No-Action Alternative (NAA).

BIRB = Birchbank BFEI = Bonners Ferry CFMM = Columbia Falis

SPDI = Spalding  TDA = The Dalles

ALF = Albeni Falls

X = Frequency curve significantly different from any other SOS
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CHAPTERS®6
LIST OF PREPARERS
6.1 LIST OF PREPARERS
Table 6—1 gives a list of the preparers of this
manual.
Table 6-1. List of Preparers
Education/ Experience & Role in
Name (Years of Experience) Expertise Preparation
Peter F. Brooks M.S. Engineering Hydrology (flood control) and Technical and Impacts
B.S. Engineering Technology Water Resource Management | Analysis and Principal
20 years Author
Douglas D. Speers M.S. Engineeting Hydrology {flood control) and Technical Analysis, Author,
B.S. Engineeting Water Resource Management | and Detailed Review
35 years
Patrick McGrane M.S. Engineering Hydrology and Reservoir Technical Analysis, Author,
B.S. Watershed Sciences Regulation and Detailed Review
5 years
Brian Kuepper B.S. Engineeting Reservoir Operations Author and Review
5 years
Dan Yribar M.BA. Hydrology and Reservoir Technical Analysis and
B.S. Engineering Operations Review
25 years
James D. Ruff M.S. Water Resources Management Hydrology and Reservoir Technical Analysis and
B.S. Engineering Operations Review
20 years
Kelvin Ketchum M.S. Engineeting Hydrology and Reservoir Review
B.S. Engineering Operations
15 years
Dave Reese M.S. Engineering Hydrology and Water Control Review
B.S. Engineeting
20 years
William Gordon B.S. Engineering Hydrology and Reservoir Author and Review
35 years Operations
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CHAPTER 7

GLOSSARY

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

AUTOREG: A computer model specifically designed
as a pre/post processor for the SSARR Model.

Biological Rule Curves: Curves developed in an at-
tempt at optimizing reservoir elevations and dis-
charges to meet fishery needs. Target levels are a func-
tion of the volume runoff forecast. The curves consider
power and flood control requirements.

Columbia River Treaty: U.S. Canadian agreement for
bilateral development and management of the Colum-
bia River to achieve flood control and increased power
production.

Control Points: Specific locations on river systems that
serve as indicators in appraising the size and magnitude

of flood events. For example, the gage at Bonners

Ferry, Idaho is the control point below Libby Dam.

Critical Rule Curves (CRC): Graphic or tabular repre-
sentations of reservoir storage water levels under criti-
cal streamflow conditions at various times of the year
during all years of a critical period.

Cubic feet per second (cfs): A measurement of water
flow representing one cubic foot of water moving past a
given point in one second. One cfs is equal to 7.48 gal-
lons per second and 0.028 m3 per second.

Detailed Operating Plan (DOP): A strategy for regula-
tion of the Canadian Columbia River Treaty projects
negotiated on an annual basis by the Columbia River
Treaty Operating Committee, a group consisting of
representatives of the Corps, BPA, Reclamation, and
BC Hydro. Inand attempt to reflect the most current

water availability and system demands, the DOP is an
updated version of the Assured Operating Plan agreed
upon by the Committee for long range planning six
years earlier. If the Committee is unable to agree upon
a satisfactory Detailed Operating Plan, then the As-
sured Operating Plan will govern Canadian Treaty
project regulation in any given year.

Draft: Reduction of amount of water stored in a reser-
voir, usually measured in acre—feet or feet.

Drawdown: The distance the water surface of a reser-
voir is Jowered from a given elevation as a result of
withdrawing water.

Firm Energy Load Carrying Capability (FELCC): The
amount of firm energy that the region’s hydroelectric
system, and individual system or project can be called
on to produce during actual operations from all firmre-
sources.

Flood Control Rule Curve (FCRC): A curve, or group
of curves, indicating reservoir elevation or drawdown
required to control floods.

Flood—Frequency Curve: A graphic presentation
which indicates the probability that a particular flood
event will be equalled or exceeded in any given year.

Flow Augmentation: Strategy which provides more wa-
ter in the rivers than was historically provided to move
juvenile fish rapidly downstream.

Headwater Project: The highest upstream dam in a giv-
enriver basin. Libby, Hungry Horse and Dworshak are
considered headwater projects.

Operating Rule Curve: A curve, or group of curves, in-
dicating how a reservoir is to be operated under specif-
ic conditions and for specific purposes.
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Outflow Diagram: Chart that is used to determine dis-
charge from dams required as a function of the volume
runoff forecast.

Pacific Northwest Coordination Agreement: A binding
agreement among BPA, the Corps, Reclamation, and
the major generating utilities in the Pacific Northwest
that stemmed from the Columbia River Treaty. The
Agreement specifies a multitude of operating rules, cri-
teria, and procedures for coordinating operation of the
system for power production. It directs operation of
major generating facilities as though they belonged toa
single owner.

Rule curves: Graphic representations of water levels,
used to guide reservoir operations.

Run—of—river dams: Dams that provide little or no
flood control storage. They often feature hydroelectric
generating plants that operate based only on available
streamflow and minimal short—term storage (hourly,
daily, or weekly).

Spill: Water that passes over a spillway without going
through turbines.

SSARR Model: (Streamflow Synthesis And Reservoir
Regulation model) A computer model created to simu-
late the Columbia River System on a daily basis.

Storage Reservation Diagram: Chart used for flood
control operations to determine reservoir evacuation
requirements as a function of the volume runoff fore-
cast.

Storage reservoirs: Reservoirs that have space for re-
taining water from springtime snowmelt. Retained wa-
ter is released as necessary for multiple uses — power
production, fish passage, irrigation, and navigation.

Upper Rule Curve: Representation of monthly flood
requirements from SRD for system regulation studies.

VARQ: (Variable Discharge based on forecast) A
strategy that allows greater releases from headwater
projects during the refill period and correspondingly
less draft when volume runoff forecasts are low.

Water Budget: A volume of water reserved and re-
leased in the spring if needed to assist in the down-
stream migration of juvenile salmon and steelhead.

Zero Damage Level: The stage or discharge associated
with a control point which is the lower limit where dam-
ages occur, sometimes referred to as bankfull.

7-2 FINAL EIS
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ACRONYMS AND ABBREVIATIONS

BPA Bonneville Power Administration NMFS National Marine Fisheries Service

BRC Biological Rule Curves NPS National Park Service

CEAA Canadian Entitlement Allocation NWPCC Northwest Power Planning Council
Agreements PNCA Pacific Northwest Coordination

cfs cubic feet per second Agreement

CORPS U.S. Army Corps of Engineers PNUCC Pacific Northwest Utilities Conference

DOP Detailed Operating Plan Committee

EIS Environmental Impact Study SEIS Supplemental Environmental Impact

ESA Endangered Species Act Study

FCRC Flood Control Rule Curve SOR System Operation Review

FCWG Flood Control Work Group SOS System Operation Strategy

USFS U.S. Forest Service SRD Storage Reservation Diagram

USF&WS  U.S. Fish and Wildlife Service SSARR Streamflow Synthesis and Reservoir

Jc International Joint Commission Regulation Model

IRG Integrated Rule Curve URC Upper Rule Curve

maf million acre feet USBR U.S. Bureau of Reclamation

NEPA National Environmental Policy Act VARQ Variable Discharge based on forecast

1995 FINAL EIS

7-3/(7-4 blank)



TECHNICAL

EXHIBIT A

FREQUENCY CURVE COMPARISONS,
SOS 2C VS. ALL OTHERS



Flood Control Appendix

C®M0 Zm xrorw

106, BIRCHBANK, BRITISH COLUMBIA - SOS 1A 165, BIRCHBANK, BRITISH COLUMBIA - SOS 38
I I
-+ 2+
1S
[3 F
L H 1
o | 5
M W : :
ooy 4 . QT2 PO 4
LI 3 ' LI 3 o
c 1 c 1
F 1 F 1
S 1 s 5
' NP PV R NN TP B PR Pl I T AU SRS BT TR SN IR
0% A ——— ettt 10"ttt et
99.99 99.9 99 0 50 10 1 a0 99.99 9.9 99 0 50 10 1 a4 .01
PERCENT CHANCE EXCEEDANCE PERCENT CHANCE EXCEEDANCE
e COMPUTED FREQUENCY CURVE COMAUTED F Y CURVE
— == a— — NO ACTION ALTERMATIVE (SOS 2C} — e — — ND ACTION ALTERNATIVE (SOS 2C)
o BIOOFN, BRITISH CRLPETA - SOS 20 105 BIRCHBANK, BRITISH COLUMBIA - SOS &
F
H 4 )
[+] :
" :
e :
wheo T S s T :
T c I
F -
T s
: 'l FIPR TP B TP EPUPEINE SN TR I
weld gty PEPEN PRSI SUE TR R 10 e e
”'” ”l' 'w' v ‘l. Y '*' A L L 9.93 9.9 ] % 50 10 1 B 0
X X 1 i 1 .
[ ... G— PERCENT QMANCE ENCEEDANCE

N0 ACTION ALTERNATIVE 505 2C)

Figure A-1. Frequency Curve Comparison, SOS 2C vs. Birchbank, British Columbia

1995

FINAL EIS

A-1



Flood Control Appendix

106, BIACHBANK, BRITISH COLUMBIA - 505 SB ¥ BN BRTTII (ILUFRIA - 005 5C
F s
¢ ‘ 5 ) . e
o
M o ‘ /
1 1054 e + [ S "% + -+ + PN
L S I '
i P I
C +- F 4. .
F - 8 4
s +
P T S U S PN [ PO I | Ly | | [ .
104 Lttt sl e
99,93 99.9 93 20 50 10 1 A .01 9.9 w9 » o ] 10 1 " .
PERCENT CHANCE EXCLEDANCE PERCENT OMCE EXCEEDRCE
e CONPUTED FREGUENCY CURVE ———————  COMPUTED FREUDNCY CLRE
e — —  NO ACTION ALTERMATIVE (SOS2O0 T 10 ACTION ALTRIATIVE €505 20)
106. BIRCHBANKC, BRITISH COLLMBIA - 505 68 108 BIROBANK, BRITISH DOLUMBIA - SOS 6D
4 3
F F
L 1 L
a a
o " )
1 1054+ 4 + 1 10 - o+ + 4
N 3 N :: T
¢ ] c I
P4 F |
H s ]
P T S WU T TP SRS U | M M IS D TP SN W SPN
107t —t— e+ T L e e | 107 e ettt | BERJEE e mn et RS
99.99 99.9 -] €0 50 10 1 8] .01 9.9 NV ] 90 50 10 1 1 .01
PERCENT CHANCE EXCEEDANCE PERCENT CHANCE EXCEEDANCE
— OOMPUTED FRERUENCY CURVE s COMPUTED FREQUENCY CLRVE
— — — — NO ACTION ALTERMATIVE (S0S 2C) e — = NO ACTION ALTERMATIVE (SOS 2C)

Figure A-1. Frequency Curve Comparison, SOS 2C vs. Birchbank, British Columbia — CONT

A-2 . FINAL EIS 1995




Flood Control Appendix A

108 BRITISH COLWBIA - $06 SA 1P BRITISH COLLMATA - 508 98

NN M COMTM
T
\
\
+
.
wno zw £orm
Il
T
+
;
.
N

]
3
3
A -+
3
38—

1P BIRCHMNK, BRTVISH COLUMBIA - S05 6C 18 BRITI®H CILUMEIA - 508 PR

it + T | S+ | 8 +

®me ZH rorm
H
+
Y\
4
+
-
®wna =W xorm

o
.
4
2]
e S
=
-
"

Figure A-1. Frequency Curve Comparison, SOS 2C vs. Birchbank, British Columbia — CONT

1995 FINAL EIS A-3



A Flood Control Appendix

BONNERS FERRY STAGE - SOS 20

U W WS N N N T WU N S N N N |

[

-mmMn ZEH <mrm

I

[

. —_— . -
=t
'a—.—- N

— COMPUTED FREDLENCY CLRVE
---------- NO ACTION ALTERNATIVE (SOS 2C)

BONNERS FERRY STAGE - 808 4C

-“-mmm XN <mrm
aIlll?lIII?IIIITIIIITJIJI?IllLd
e S A AN AN
+

3
3
3
L]

——————— [COMPUTED FREDLENCY CURVE
---------- NO ACTION ALTERNATIVE (S0S 2C)

Figure A-2. Frequency Curve Comparison, SOS 2C vs. Bonners Ferry Stage

A4 FINAL EIS 1995




Flood Control Appendix

BONNERS FERRY STAGE - SOS 4C

O i

9.9 N9

1745

BONNERS FERRY STAGE - S05 483

Y QRVE

NO ACTION ALTERNATIVE (S0S 2C)

CONPUTED

NG ACTION ALTERMATIVE {SOS 2C)

~——— COWPUTED FREGUENCY CURVE

- SOS 5B

BONNERS FEFRY STAGE

1775

——————  CONPUTED FREQUENCY CURVE
NO ACTION ALTERNATIVE {SOS 2C)

Figure A-2. Frequency Curve Comparison, SOS 2C vs. Bonners Ferry Stage — CONT

A-5

FINAL EIS

1995



Flood Control Appendix

BONNERS FERRY STAGE - SOS 60 BONNERS FERRY STAGE - 505 74
1775 1775
1 ) 1
wiods o+ + .- +
E 4+ - - - 13 -
L 17654+ - -+ R L S+ S
H P . : T T
v -4 . v 1 . .
I ogeo e 4 + AT 4
N ] N )
£ [ £ ] .
E J € 1 L o
€ 17554+ + + E + -+
T I T ;
N I, . . 4
RPN d - —+ 7S (T !
99.99 9.9 .01 2.9 93.9 .01
e COMPUTED FREQUENCY CUAVE — . COMPUTED FRECUENCY CURVE
e — — — N0 ACTION ALTERNATIVE (S0S 20} L — MO ACTION ALTERMATIVE (505 2C)
7% - BONNERS FERAY STAGE - SOS 78 o BONNERS FERRY STAGE - 505 7C
1
-+
[3 E .
L L +
E € o
¥ v
1 T
N N +
F [
E €
E £ +
1 T T
.
T
.01

—————— COMPUTED FREQGUENCY CURVE — —— COMPUTED FREQUENCY CURVE
o — NO ACTION ALTERMATIVE (SOS 2C} . — —  NO ACTION ALTERMATIVE (SOS 20}

Figure A-2. Frequency Curve Comparison, SOS 2C vs. Bonners Ferry Stage - CONT

A-6 FINAL EIS 1995




Flood Control Appendix A

BONERS FERRY STAGE - 505 PR

. L
>~ - + + + C 4 0+ -
P+ + - ' 1 V + - ..
T e /
. s .
- g /
P L3 + - ] yan + 4
a4 + + f 1 + t [} ¢ € | . 4
€] . . /',
L e € .
. v . .
v ] - - ] ‘/_,
L - 1 .
- + + - v 1 | '
L ooet+ + + 1// + - ‘ 1 b L
T ~ P £ 4 o
4 ~ . € L L
13 T € s
H - : Ay . t ' - PAE + 1 i -
s5-11 - + + P + - ] | /,.
4 . /‘1(' N
-y i [N + + 4 I +
P + + + - - | ' [ o
: 1 - -
. {1 i . M | | o |
I i ! FEERF +—+—t A+ttt ——————
! T—71 i T [ LX X1 » » - M 1 1 e
L X ” » w . a . FERCINT DOWCE EXCEEDWCE
FERUON OWCE EXERWEE
_— ame
---------- 0 ACTRN ALYERATIVE (308 20 Cmmeesle D ACTION ALUBRATIVE (308 XD
o SRNERS FERY SIAGE - 505 T - ENERS FIY STGE - 508 W
L / .
i /’ 8
™ - + - + +/ - + + » | t + +
e®s |1 + + S+ - C 4 / JOSEEEE 3 -+ + ¢ 5T+ + 4 t
L] oL . . t I
v . / R v
I et ' + S / PR + -+ reale. 4 [
4 . ¥
€ 4 S €
E e 3
Vet o4 | + AN + + o+ A SR - |
[ S
w1+ o+ + + + w4+ 4 |
T n 1 4 . T . N
+—+ bt % (B i+
%w we - » 1 1 " "o Wy 1 .
PERCENT DWWICE DXCEEIWEE
COTUIED PREDCY OURE ————— G AEADCY OV
---------- 10 ACTIN ALTERRTIE 08 2 semeecaecs MO ACTEN MNOWATI OB I3

Figure A-2. Frequency Curve Comparison, SOS 2C vs. Bonners Ferry Stage — CONT

1995 FINAL EIS A-7



Flood Control Appendix

o COLLMBIA FAULS - SOS 1A 106, COLUMBIA FALLS - SOS 18
4 ¥ A E S . T -
F 3
. | .
] 0
L] . L}
11054 - 4+ + T T
(O 2 TR ]
¢ I C 1.
F 4 F 4.
s s
4i..|..l..l...i...i..i..j..l IIA.i, | PR DTUEUN MU U S WP S i |
10 At et} 10 ottt
99.93 99.9 99 90 50 10 1 A 01 99.99 93.9 s X S0 10 1 -1 .01
PEACENT CHANCE EXCEEOANCE PERCENT CHANCE EXCEEOANCE
COMPUTED FREQUENCY CURVE COMPUTED FREQUENCY CURVE
e — — — NO ACTION ALTERNATIVE (SOS 2C) — — — — NO ACTION ALTERNATIVE (SOS 2C)
wh COLSIA FALLS ~ 806 20 1. CILLFRIA FALLS - 308 &C
" 1
C H
o ]
" L. L] . .
:u‘——& + ' + - e i ' :;ﬁ-—*,...» 4
I B i _
F + - F +
L4 4. - L ER
el ’ — PRSI — N LIPS I + " 1 — " 1
w sl
9.99 N L4 - = » 1 .1 . w.w "o " - » » 3 «1 E.Y
PERCENT CHANCE EXXEEDMWCE PERCONT GHICE EXRENCE
.......... ND ACTIDN MTERNATIVE (505 200 [ 0 ACTIIR ALTERATIVE O 20

Figure A-3. Frequency Curve Comparison, SOS 2C vs. Columbia Falls

A-8 FINAL EIS

1995




Flood Control Appendix
B COLUMBIA FALLS - SOS 58
F
L -..
0 :
" :
RN SN .
NOOFD '
¢ i
A
5 -
"N I I EUPE RS BV PR
10 L et
9.9 9.9 % % 50 10 1 REN
PERCENT CHANCE EXCEEDANCE
COMPUTED FREQUENCY CURVE
— — — — NO ACTION ALTEANATIVE (SOS 2C)
" COLLYETA PRLLS - 38 X 10 COLUMBIA FALLS - SOS 68
i LT
o . 1]
v : v : . :
=M_:4 * o T +
c 1 N :: co
F -
] ] c 4
F 4.
T S
. : 1
7 L LA B N S R B P : : : : Lo
we ws 1) - ] A A O VP SN EPAU T S S DFAER S P
o 99.99 99.9 9 90 50 10 1 1 .01
PERCENT CHANDE EXCEEDANCE
COPURD PREQUBNCY OUWE
.......... NO FCYION ALTEWATIVE (308 B0
e CONPUTED FREGUENCY CURVE
== o «=  NO ACTION ALTERNATIVE (SOS 2C)
Figure A-3. Frequency Curve Comparison, SOS 2C vs. Columbia Falls - CONT
1995 FINAL EIS A-9



Flood Control Appendix

105 COLUMBTA FALLS - SOS 60 " COLMBIN BALLE - 808 o
] i
£
5 [ T
1] .
“ : M
1 1054+ + + T 1851+ + L+
L = t T
+ c
c E F 4
F 4. s
S -
10t L ——4 -+ B Ramame S e
99.99 98.9 9 0 50 10 1 A .01 9.99 9.9 L L 58 » 1 Y .al
PEACENT CHANCE EXCEEDANCE PERCENT CHANCE EXCEEDANE
COMPUTED FREQUENCY LAV E T » m‘?mmmns‘fn an
MO ACTION ALTERMATIVE (505 20)
B COUFBIA FALLS - SOS 98 105 COLMBIR FALLS - S0B §C
1
F F T
L L
o
g . L 1 .
/
:M——o- - + | + + ,/’T} 1 1 £,§~_, - + +
T / . -+
c T T 3
F esd [ <+
s 4 L] 1
o+ b+ w4y e p—t————t—
9.9 W9 L d » o p1 ] 1 By -0 %.99 W9 » 8 = 19 1 1 a1
PERCENT O4ANCE EXCEEDANCE PERCENT CHANCE EXCEEDAACE
. NOACTION ALTBRNATIVE COS 25> o e NI ACTION ALTERMATIVE (08 20
" COLLMATA FALLS - 306 PR
F
L
o
L]
:nl- + i + |
[
F +
s
w L
99.99 W.P k<4 » L 10 1 ol .81

Figure A-3. Frequency Curve Comparison, SOS 2C vs. Columbia Falls — CONT

A-10

FINAL EIS

1995




Flood Control Appendix

<mem

—-mmn oz

“~mmn 2zM carm

FLATHEAD LAKE POOL - SOS 18

2008 FLATHEAD LAKE POOL - SOS 14 2090,
20974+ + + L R S “- + + + 28974+ + + + -+ + + + +
28961+ + + + + -4+ 20064+ -+ + + + c 4+
' [4 1 o
. L . .
289534 + + + + - + £ 28951+ * + + B +
: v :
1 4
26841 + + + - + c 4 Lm——o + + + + +
4 : . F T o
283344 + + ¥ + S+ £ 28934+ + F ¥F ¥ -4+
. E : .
1 e ¥ 1
091+ + + + + + + EIC RN 3 20924+ + + + + + Y + -+
2944 -+ + + - + P -t 4 + - + + . + 4+
.l I | PR PR 1 P I | [ 1 | { | 1 1 {
2060~ T —t—tet—t—t—y Tttt 200 ettt ettt T ma
9.9 9.9 ) 20 50 10 1 A .01 99.99 93.9 [ 90 50 10 3 1 .01
PERCENT CHANCE EXCEEDANCE PERCENT OHANCE EXCEEDANCE
COMPUTED FREQUENCY CURVE ——— COMPUTED FREGUENCY CURVE
NO ACTION ALTERMNATIVE (S0S 2C) — — — NO ACTION ALTERNATIVE (S0S 20)
AAREAD LAKE PODL. - 908 &0 RATHEAD LAE FO0 ~ 908 4&C
| + - + - + ' ( i oty + + + + - + + + +
. }
e | | + - 4 + + + [EO T + + -+ + + + -+
+4 B € T .
08—+ + - 4 t + 40 4 = :-s——& + 4 4+
1 . £ .
mor{ 4 + 1 ' ' - + 4. - LS PR + .
i .
. - M .
= | [ L et S + + o4+ £ ant+ + + +
: : + .
e + + + S+ + + - b wete - -4+ + + -+ + -+ +
w11 + + -+ S+ + + - -+ worte - . + + + + -4 4+
i B e e LA o o | - awn Lttt} i b+
"ww %y ”» o] ol » 1 4 . L X N X1 » L] » » 1 Y
PERCINT OWCE EXERWCE POINT OICE OCEFDNCE
CEFUNED PRELECY OUVE o
-- WM ANeTE BRE 0 eemmaeaas O ACTION ALTERTIVE 308 B0

Figure A-4. Frequency Curve Comparison, SOS 2C vs. Flathead Lake Pool

1995

FINAL EIS

A-11




Flood Control Appendix

FLATHEAD LAKE POOL - SOS 58

2808, RLATIEAD LE PO - 308 ST
20974+ + + + + + + + + o+ + + + + + + + 4
28964+ + + + + + 2096+ + + + + + + 4+

€ i 1 . .
L £ . .
€ 28954+ + + + + -+ tm——& + + + + + +° + +
v .-‘ . v ".
’1‘2894——@ + + + + + Tt + . .
£ T : 1 :
22893—-—' + + ¥F ¥ RS $m——+ + 4+ 4+
T 4 1
28924+ + + + + + + + + et - -+ + + + + + + +
20934+ + + + + + + + + )| -+ + + + + + + + +
1 . 4 . .
ams0 L4ttt oL+
99.99 9.9 99 0 50 i 1 1 01 w.w W ” - ol 10 1 .1 )
PERCENT CHANCE EXCEEDANCE PIRCET OIE EXEEIMCE
———— COMPUTED FREOENCYOWRVYE T MO ACTION ACTERNAYIVE K5 BC)
— — — NO ACTION ALTERNATIVE [50S 20)
_— FLATHEAD LAKE POOL - SOS 63 - FLATHEAD LAKE POOL - SOS 60
8974+ + + + + + + ‘o4 + + + + + + -+
w64+ o+ + .- + . 2964+ -+ + + + +
E 1 E 4
L L .
E 28954+ - -+ -+ - + + + 52395—-*- + + + + 4+
v j * '
. ; [
Lm—.; + + . . . T8 T + + + +
F T F o
E 26931+ + £ ¥F ¥ + 52893——4» + P ¥ ¥ +
e T , ¢ L .
2%4+ - -+ + + + + + + o+ BRI+ -+ + + + + + 4
oot 4 + + + . . + o+ 294+ - -+ + + + + + ot o+
ot TP S U BEEP EE P W P 2890 Lttt
— . A R T+
0.9 W9 W ® % 10 1 10 93.99 9.9 90 o .0 10 1 R
PERCENT CHANCE EXCEEDANCE PERCENT CHANCE EXCEEDANCE

w—an  COMPUTED FREQUENCY CURVE
- — NO ACTION ALTERNATIVE (SO0S C}

e COMPUTED FREQUENCY CURVE
- —  NO ACTION ALTERNATIVE (S0S 2C}

Figure A-4. Frequency Curve Comparison, SOS 2C vs. Flathead Lake Pool — CONT

A-12

FINAL EIS

1995



Flood Control Appendix

AATHEAD LNE PO - SIS 98

FLATHERD LNE PODL. - S08 PR

WAWD HE Lwwe

| + + + - - + 12
1 - - + - - + hn pai]
ll
+ + .+ + + ¥ -
. 1
+ 1 o + =
W +
|
“ ....m
+ | + - " + + 8
| +
.
n m
)
\ 4
+ + + - 1S [ ! R
v 1
. v
+ + [ + - - + -+ &
ES
. +
o
- P + + - - - T8
2
T * | P .t . 1 S )
N
Wowd NE ewwe
+ + - B + + + a8
+ + - - + t ' -t
. . .
. .. +
+ + = - + + + -
N
v + + + T | + 1=
'
: :m
- + + + o + +lxum
+ - + + + - + - 8
+ + 1 1 + 8
+ .
- - + + + A Sy ot |
. th
I S S S . K
NN EE

————— AN FRERENCY QRE

10 ACTED RTERAIIVE (308 X

AATHEAD LRE MIOL - 605 PR

AATHERO LA ML - 06 9C

+ ‘4 + +e - =
+ + t ) 1 - -
4
+ D A o
+- ) -
ES
+ + B
. 4
i
;
+ A - ¥ R
) + + o+ - +
+ o+ o+ 1 1
. ER
1 hd 1 IS SN SR R 3
HEEEEE
Wawd HE Lwwe
+ + + + + R
. +
v 1 .- + =
. N 4
+ o+ e + ¥ o
. . +
S . T
+ + + + W + +
: .
J
. 1
+ + - - + - + -+
; is
.
.
i + A " - 4=
+ + - - + - + -
. . . 4
+ + - - + - v 4
; N . 4
| | i R R I e o
—t t + +—1
NN

we "

0 ACTIIN ALVERATDA (308 20O

Frequency Curve Comparison, SOS 2C vs. Flathead Lake Pool — CONT

Figure A—4.

A-13

FINAL EIS

1995



Flood Control Appendix

LAKE PEND OREILLE - SOS 1A

LAKE PEND OREILLE - SOS 1B

2074 2074
} [
20724+ + + + + - + 0724+ - -+ + + + +
2070-}+ - -+ + + + - + arnd+ o+ + + + ¢
E 1 E 1
L L .
€ 20684+ + + + + 4 E 20684+ - + + + + -+
v v .
4
N 20861+ o+ + + + + ,I‘ 0664+  + + + + +
£ T . F T
g 2064—4+ - -+ + + + -+ E 20644+ + + + + -+
t : £ I
20624+ - 4 + + + + 20624+ - 4+ + + + +
4+ - )
20604+ + + + + + + + + 2050+ " + e . . e .
aose Lt o e e b
At + ——+ —+
99.99 99.9 99 0 % 10 1 B 04
. 1 .
PERCENT CHANCE EXCEEDANCE N® BV N O RCENT Gt EXCEEDANGE. oo
COMPUTED FREQUENCY CURVE
COMPUTED F1 Y CURVE
— — — — N0 ACTION ALTERMATIVE (S05 2C) o o 2
] AT POD CEILLE - 806 20 : LAE IO RERIE M8 4
p
1 . :
J .
e+ 4 + + + TR =+ + +
. 4
e | v . - _ . + . 4 =1+ + +
€ 1 R ;
L omea § - + - + + + ¢ - 1 ':' 00—+ + s
E . v
H 1 B i
HE. S SR ' + - - + + + HE o + +
F + K . +
E .4 1 | + - S - + + + $ 241+ + +
H . ;
+ N 4
-t + ( + - . - + + + et + +
e - + + - + + ' + @04+ 4+ + + + + + + o+
oo g i PR T D - P l o | [ FURPS SOOI T W SN SNSRI T ST T SN SIS R |
2858 e}t ————+ + ——1—+ t—r—t1+— =ttt H—
9.9 0.9 w L] k] 1 1 <1 -8t "y we L. 4 » = 19 1 B3 LS
PERCENT DANCE EXCEEDANGE PERCENT OMNCE EXTEEDNCE
.......... N0 ACTION ALTERWIIW, (308 20 Coecieo- D ACTIN MUENETIVE (08 KD
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