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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 .0.Box 2988
Portland, OR 97208-2988
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PREFACE: SETTING THE STAGE FOR THE SYSTEM OPERATION REVIEW

WHAT IS THE SOR AND WHY IS IT BEING
CONDUCTED?

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

limited water resources in the Columbia River Basin.

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

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

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

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

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

WHO IS CONDUCTING THE SOR?

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

HOW IS THE SOR BEING CONDUCTED?

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

At the core of the analysis are 10 work groups. The
work groups include members of the lead and coop-
erating agencies, state and local government agen-
cies, representatives of Indian tribes, and members
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Irrigation Appendix

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.

*  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.

*  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.

ii 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 Consultation for
1995.

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

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

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

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

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

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

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

SOS 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 5c¢ [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 [Newl] 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.

1995
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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 9¢ [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
199498 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
Flood Control

F.  Irrigation/Municipal and Industrial
Water Supply

G. Land Use and Development

tm

T

Navigation

Power

Recreation

Resident Fish

Soils, Geology, and Groundwater
Water Quality

Wildlife

Economic and Social Impacts

MO Z RN 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 Irrigation/M&I appendix
relies on supporting data contained in Appendix A.
For complete coverage of all aspects of Irrigation/
M&], readers may wish to review both (A and F)
appendices in concert.

iv FINAL EIS
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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CHAPTER 1

INTRODUCTION: SCOPE AND PROCESS OF IRRIGATION/M&] STUDIES

1.1 GENERAL OVERVIEW

The Columbia River Basin drainage covers 219,000
square miles (567,200 square kilometers) in seven
western states and 39,500 square miles

(102,300 square kilometers) in British Columbia.
Most of the Basin in the United States is located in
Washington, Oregon, Idaho, and Montana. Minor
portions of the Basin in other states include a small
area on the western edge of Wyoming and a small
area on the northern edge of Utah and Nevada.

The Columbia River originates at Columbia Lake on
the west slope of British Columbia’s Rocky Moun-
tain Range. The river flows from Canada into the
United States and eventually becomes the border
between Oregon and Washington. The Columbia
River is 1,214 miles (1,954 kilometers) long; it flows
into the Pacific Ocean near Astoria, Oregon.

The Columbia River has an average annual runoff at
its mouth of about 198 million acre—feet (244.3
billion cubic meters). The Canadian portion of this
runoff is about 25 percent of the total, or 50.2
million acre—feet annually [61.9 billion cubic me-
ters]. Since the 1930’s, the Columbia River has been
harnessed for the benefit of the Northwest and the
nation. Federal agencies have built 30 major dams
on the river and its tributaries. Dozens of non—Fed-
eral projects have been developed as well. The dams
provide flood control, irrigation, navigation, hydro-
electric power generation, recreation, fish and
wildlife, and streamflows for wildlife, anadromous
fish, resident fish, and water quality.

River users are increasingly competing for the
limited water resources in the Columbia River Basin.
Because several important multiagency contracts and
international agreements involving power production
rights and obligations will soon expire, it is now

appropriate to review future system operations and
river use issues.

The Corps of Engineers (Corps), Bonneville Power
Administration (BPA), and Bureau of Reclamation
(Reclamation) share portions of the complex set of
responsibilities and legal authorities for the manage-
ment of the Columbia River. The three agencies
have entered into a study effort, the Columbia River
System Operation Review (SOR), to evaluate alter-
native methods of operating the river system and to
determine how best to operate the system in the
future.

Since the SOR was initiated, three anadromous fish
stocks that utilize the Columbia and Snake Rivers:
sockeye, spring/summer chinook, and fall chinook,
have been listed as endangered or threatened.
Although this has added a new dimension to the
study, it does not alter the objectives initially identi-
fied at the outset of the study. The investigation
will evaluate the impacts of alternative operating
strategies.

The SOR provides a public forum where individuals
and organizations representing all interests can
express their concerns and recommendations for
system operation. To ensure continuing representa-
tion of public views during the investigation and
preparation of the Draft EIS, work groups repre-
senting several functional areas have been estab-
lished and subject matter experts have been invited
to participate in the SOR analysis.

1.2 SUMMARY OF IRRIGATION, MUNICIPAL
AND INDUSTRIAL WATER ISSUES
RAISED DURING THE SCOPING
PROCESS ~ AND DISPOSITION

The following section includes issues raised in the
public scoping process, as well as those offered for
consideration by members of the Irrigation and M&I
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Work Group (I/M&IWG). In certain cases, the
comments reflected the geographical interests of
those participating at the public meetings —— as
participants in one part of the Columbia River Basin
expressed different interests than those in other
parts of the basin.

Comments have been grouped into appropriate
categories.

Comments received at the public scoping meetings
on the use of water for agriculture production and
for municipal and industrial uses ranged from nu-
merous comments expressing a strong support for
existing levels of irrigation use to suggestions by a
few that water utilized for irrigated agriculture in the
Pacific Northwest be monitored or reduced. There
were many comments that related to issues involving
irrigation and agriculture in the basin that are
outside the scope of SOR. Following is a summary
of comments for each category and their disposition.
Issues that are outside the scope of SOR are so
indicated.

Priority of Use:

Many commenters expressed the opinion that irriga-
tion should be given top priority in the operation of
the Federal Columbia River Power System (FCRPS).
These opinions were exemplified by statements like
“irrigation and power pay the bills”, “create jobs and
provide a tax base”, and “irrigation, power, and
flood control were the authorized purposes of the
projects”. The continuation of irrigation at present
levels and for future growth was given high priority
by many. Specifically, many comments expressed the
opinion that irrigation development on the Federal
Columbia Basin Project in central Washington be
expanded as originally authorized by Congress.
There were some comments that irrigation should
coexist with other river purposes and that fishery
interest be given equal priority. A few comments
stated that irrigated agriculture should be given a
lower priority than other uses, including the sugges-
tion that the needs of native ecosystems should be
placed first. In general these commenters felt that
anadromous and resident fish and wildlife be given
additional consideration in operation of the river

system, and irrigation should sacrifice if tradeoffs
are required.

Disposition: Three of the seven SOR alternative
operating strategies have no direct effect on
irrigation. Accordingly, other things being equal,
existing levels of acreage and production in the
Pacific Northwest (PNW) would be maintained.

The issue of giving additional consideration to fish
and wildlife and that irrigation should share priority
with other uses, including anadromous fisheries is
addressed in five SOR alternatives: SOS4 — stable
storage project operation, SOS5 — - natural river
operation, SOS6 --— drawdown of lower Snake
reservoirs, SOS9 —— which includes a number of
operational changes and, the Preferred Alternative
—— which includes drawdown at John Day and
Lower Granite.

The issue of expanding the irrigated acreage of the
Federal Columbia Basin Project is outside the scope
of SOR and is dependent on other state and Federal
actions, including Congressional appropriations. In
August 1994, Reclamation announced it was discon-
tinuing plans to issue a final EIS on expansion of the
Columbia Basin Project.

Economy & Water Pricing:

Numerous comments stressed the importance of
irrigation in the PN, including the production of
food and fiber, as well as the importance of the
economic infrastructure built around the irrigated
agriculture sector. It was recommended that any
adverse impact on irrigated agriculture from revised
system operations be fully evaluated. There were
some opinions expressed about the high cost of
irrigation (from a public perspective) and the effi-
ciency of irrigated agriculture in certain areas of the
region. It was suggested that the concept of fair
pricing of water resources for all users be incorpo-
rated into the analysis. One commenter suggested
that only those irrigated areas that are most cost
effective be retained in production.

Disposition: Three of the seven SOR alternative
operating strategies have no direct effect on
irrigation and consequently would not adversely
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effect irrigation and the associated economic
infrastructure. Three SOR strategies (SOSS,
SOS6, and the Preferred Alternative), those with
reservoir drawdown of the lower Snake reservoirs
to natural river and a fixed drawdown are
strategies designed to give more consideration to
non irrigation uses, such as anadromous fish
species, resident fish, and wildlife. These
alternative strategies involve some degree of
adverse impact on irrigation pumpers on the Ice
Harbor and John Day pools, as well as irrigation
districts receiving water pumped from Grand
Coulee.

Establishing a pricing structure for irrigation water
and for other uses is outside the scope of SOR and
the /IM&IWG.

Water Rights:

The majority of comments on this topic favored
maintaining existing water rights for irrigation. In
general, it was stated that there is sufficient water in
the lower Snake and the Columbia Rivers to meet
all established irrigation, municipal, and industrial
water rights. The quantity of water diverted for
these purposes is small compared to total river flow.
The concept of modifying present water right laws to
encourage and authorize water transfers was
introduced. One commenter stated that water rights
should be done away with and all water and water
use should be considered a public right.

Disposition: The issue of water rights is outside
the scope of SOR. Water rights for irrigation are
under state and/or Federal jurisdiction. None of
the SOR alternative operating strategies propose
to diminish or reduce the priority of water rights,
permits, or entitlements held by existing irrigation
and M&I water users.

Conservation & Efficiency:

A moderate number of comments indicated the
desirability of conservation and increased efficiency
and should be incorporated into future water uses.
This includes better water planning and management
to not only make the best use of the water resources
but to decrease electrical energy consumption.

Comments of how to implement conservation ranged
from incentive programs aimed at encouraging
voluntary adaptation of conservation to pricing
mechanisms aimed at forcing adaptation of these
measures. Several comments revolved around the
wastefulness of water use in irrigation. Some com-
menters recognized the favorable progress of the
irrigation community in adapting new technology
and implementing conservation and efficiency
measures.

The pros and cons of implementing conservation
measures to reduce irrigation diversion was also
addressed by some commenters. Some expressed
opinions that irrigation conservation measures would
release water that would then be available for other
uses while others pointed out that the measures
would adversely impact fish and wildlife habitat that
has been developed as a result of the existing irriga-
tion activity. Several individuals stated that the
SOR analysis should not be the vehicle to identify
site—specific water conservation opportunities in the
northwest.

Disposition: The implementation of measures to
increase irrigation efficiency, thereby freeing up
water for other uses is beyond the scope of SOR.
While the benefits of conservation are recog-
nized, actual implementation is mostly at the field
level and it would be inappropriate and beyond
the authority of SOR to mandate performance
standards. There are a number of efforts ongoing
in the PN to identify water saving opportunities,
including efficiency improvements, water banks,
and other incentives. These efforts are being
conducted by a number of entities, including
private individuals, irrigation districts, state and
Federal agencies, and others.

Pollution:

Several commenters expressed a general concern
regarding the water quality of irrigation return flows
to the river system. Several commenters noted that
irrigation return flows are putting large silt and
nutrient loads in the rivers. There were requests
that the study address nonpoint pollution sources
such as agricultural runoff and municipal and indus-
trial discharges.
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Disposition: Three of the seven SOR alternative
operating strategies have no impacts on
irrigation, thereby neither increasing or decreas-
ing irrigation return flows. The Water Quality
Work Group is responsible for evaluating the
impacts on water quality of alternative operating
strategies for the two strategies (SOS5 and SOS6)
that contain proposals for lowered reservoir
pools.

Water Resources & Other Issues:

Most of the comments on the general topic of water
resources addressed priorities of water use. These
have been summarized under this sub—heading.
There were several comments about including the
Snake River Basin in the SOR analysis. One mem-
ber of the I/M&IWG felt that the “Upper Snake”
basin should be included in the SOR analysis.
Reasons for including the Snake Basin included the
fact that the Snake Basin is a potential source of
water for enhancement of anadromous fish species
and it is part of the Columbia River Basin. Argu-
ments were presented on both sides of the issue.

Table 1-1. Issues and Disposition

Disposition: The Snake River Basin was
excluded in the SOR analysis because:

(1) The Snake River Basin is outside the
geographical area of the 14 FCRPS
projects;

(2) Because much of the water in the
Upper Snake is currently allocated to
irrigation through Federal contracts or
via State water rights, conversions from
irrigation to other uses would require
contract or water right recession, or
participation by willing sellers in water
markets and water banks, Federal and
State action, including appropriations,
and/or changes in State water rights.

There were few direct comments about M&I sup-
plies. As a summary, comments on M&I generally
expressed the belief that M&I uses will continue to
be of importance and that all SOR alternatives
should accommodate such uses and recognize the
need for expansion as population increases.

Table 1—1 summarizes the significant issues and
their disposition.

Issue

Disposition

Priority of Use:

Continued expansion of Federal Columbia
Basin Project in central Washington

Addressed in alternative strategies.

Not addressed in alternative strategies.

Economy/Price:
Impact on irrigation economy

Establish “fair pricing” of water supplies.

Differentially addressed in alternative strategies.
Not addressed. Outside scope of SOR.

Water Rights:

Not addressed. Outside scope of SOR.

Conservation/Efficiency:
Increase irrigation efficiency

Specific water conservation measures

Not addressed. Outside scope of SOR.
Not addressed. Outside scope of SOR.

Pollution:
Water quality — irrigation water return flows

Evaluated by Water Quality Work Group.

Water Resources/General:

Inclusion of Snake Basin in study

Accommodate M&I water requirements

Not included. Outside scope of SOR.

Differentially addressed in alternative strategies.

14 FINAL EIS
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1.2.1 Irrigation/M&l Issues Raised During the
Public Review of the Draft EIS - and
Disposition

Comments received on the Draft EIS and the re-
sponses are contained in a separate volume to the
final EIS.

The essence of public review comments (written and
oral) on the Draft EIS regarding irrigation/M&I
involved the estimated impact on irrigation and
M&I users (pumpers) on the 4 lower Snake reser-
voirs and John Day. Comments expressed the view
that users of these reservoirs, including the local
economies, were bearing too large a portion of the
costs to save anadromous fish species in the Pacific
Northwest. Several comments suggested the Draft
EIS analysis understated the economic impact on
irrigation.

In regard to those comments directly related to the
irrigation/M&I analysis, for the Final EIS analysis :
1) the list of irrigation and M&I pumpers was re—
inventoried and resulted in the addition of one
pump station on the John Day pool and refinement
of data on several other pump stations, 2) O&M
costs for pumpers on the 4 lower Snake River proj-
ects was increased over that used in the Draft EIS
analysis, 3) Modification cost estimates for all sta-
tions were reevaluated and revised where necessary,
and 4) the farm income analysis used in the Draft
EIS analysis was deleted, and a cost—of—pumping
analysis was utilized.

In addition to the measurement of impacts, Chapter
5 contains a discussion about the economic viability
of reservoir pumpers under drawdown scenarios.

1.3 PUBLIC INVOLVEMENT AND AGENCY
COORDINATION

The Irrigation/Municipal and Industrial Work Group
included agency staff from Reclamation, BPA,
Corps, staff from state and other Federal agencies,
individuals with irrigation and environmental inter-
ests, and water and land use experts from private
firms and state universities. There were two levels
of participation: (1) Active participants that at-
tended work group meetings and accepted work

tasks associated with the study effort; and (2) Those
who did not attend meetings but requested copies of
meeting notes and other study materials.

1.3.1 Study Scope of Irrigation/M&l Functions

Changes in the operation of the Federal storage and
power system can have a direct and indirect impact
on the irrigation and M&I functions. Irrigation and
M&I entities pumping from or otherwise utilizing,
reservoir pools on the lower Snake and Columbia
rivers are directly affected by the manner in which
the system is operated, especially by those alterna-
tives with proposed reservoir drawdowns. The
modification of pump facilities and the increase in
electrical energy required to pump water to meet the
accustomed water uses is considered a direct impact.
A change in the energy rate charged for electrical
energy or a change in grain shipping cost due to
changes in the system operation is considered an
indirect result of the altered system operation.

The impact on irrigators from lowered water eleva-
tions in the affected reservoir pools is evaluated in
Chapters 4 and 5. Direct impacts to irrigation
interests were evaluated by estimating the increased
pumping cost. Chapter 3 identifies study methodol-
ogy.

The change in pumping cost experienced by M&I
users was also quantified. For purposes of this
report, it is assumed the increased costs to secure a
water supply for M&I purposes will be absorbed by
the users and no further analysis, such as a net
returns analysis, will be required.

The indirect impact of a changing power rate on all
sectors or industries in the PN, including irrigation
and M&I, stemming from alternative operating
strategies was analyzed by the Economics Work
Group. These impacts are on an industry or sector
basis (agriculture, metals, etc.) and will include those
impacts on irrigation and M&I pumpers in the
impact area directly affected as well as in the Co-
lumbia River Basin.

1.4 SCREENING PROCESS

The purpose of screening was to identify an array of
alternatives for further analysis in the DEIS. The
process was a simplified analytical approach that
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attempted to examine all possible operating alterna-
tives. The work groups for each functional area
were responsible for identifying alternative Colum-
bia River system operational scenarios which were
favorable to their particular function. From this
process and additional scenarios from project man-
agement and other sources, a total of 90 alternative
scenarios were developed and included in the
screening process.

1.4.1 Selection of Irrigation/M&l Alternatives

The I/M&I Work Group, as did other work groups,
developed reservoir operations alternatives that
would be favorable to these two purposes for the
present level of development and for projected
development 10 years and 30 years hence. Optimum
conditions for irrigation would be full reservoirs
from April to October (growing season), while the
optimum for M&I would be full reservoir year round.

The I/M&IWG formulated three alternatives that
are favorable to Irrigation, including two that assumes
an increase in the irrigated acreage of the Columbia
River Basin. Alternatives No. 62 and 63 assume
increased irrigation depletions of 890,000 (1,098
million cubic meters) and 2.6 million acre feet (3,208
million cubic meters) respectively due to projected
increases in the irrigated acreage. Alternatives

(62. IRR—OPT1), (63. IRR—OPT2), and

(64. IRR—OPT3) are described in detail on pages
37 and 38 of the “Screening Analysis: A Summary”
document.!

A second set of alternatives assumes increased
instream flows resulting from a decrease in irrigation
diversions. The decrease in diversions and subse-
quent increase in instream flows in both the Colum-
bia and the Snake Rivers could result from a com-
bination of possible changes in water use and supply
conditions. These include improved efficiency in the
use of water, decreased consumptive use of water by
crops or other plants, new upstream storage, use of
uncontracted storage space, buy—back of existing
storage rights, acquisition of natural flow rights,
and/or lease option programs during low water years.
Alternatives (65. RES—IRRFLO), (79. AMG—IRR-
FLO2), (89. RES—IRRFLO2), and (90. AMG—
IRRFLO) are described in detail on pages 38, 40,

and 41 of the “Screening Analysis: A Summary”
document.?

1.4.2 Screening Process

For screening, each work group analyzed the effects
of operational changes of the 90 alternatives on
their particular function. Impacts to the irriga-
tion/M&I functions were limited to reservoir pools
on the lower Snake River and the Columbia River
from Grand Coulee Dam down to John Day Dam.
Cost curves reflecting additional capital investment
and operating costs related to different pool eleva-
tions were developed for reservoir pools where the
impact on irrigation and M&I withdrawals are
expected to be greatest. Cost curves (spreadsheet)
models were developed for the reservoir pools
behind Grand Coulee, Ice Harbor, McNary, and
John Day. A detailed description of the irriga-
tion/M&I screening methodology is provided on
pages 95 to 106 in Volume 1, “Screening Analysis
Volume 1 — Description and Conclusions, August
19923

Of the 90 alternatives, 21 have slight to significant
adverse impact on the irrigation community. These
(21 alternatives) involved drawdown and major
target flow alternatives for enhancement of anadro-
mous fish and other alternatives that include exten-
sive and intensive irrigation water conservation/new
storage/water right acquisition program. There are
52 alternatives that improve conditions for irriga-
tion. All other alternatives (17 in number) had little
or no impact on irrigation.

1.5 FULL-SCALE ANALYSIS

Although a total of 90 alternatives were initially
analyzed in screening. These were blended into 10
alternative strategies based on the screening results.
Following additional public review and input , the
co—lead agencies consolidated the 10 strategies into
the final 7 alternatives addressed in detail in Draft
EIS.

For the Draft EIS these seven alternative strategies
which had multiple component options resulted in a
total of 21 operational options being evaluated in

the full scale analysis. The results and tradeoffs for
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each resource area were contained in a draft techni-
cal appendix and summarized in the Draft EIS.

For the Final EIS analysis, several strategies were
revised and several added resulting in 7 strategies

being evaluated, including the Preferred Alternative.

The seven strategies with multiple options resulted
in a total of 13 operational options being evaluated
in the Final EIS.

A description of the seven alternative operating
strategies with multiple component options is con-
tained in Chapter 4, Part 4.1.

The 13 alternative operating options are the subject
of a detailed analysis of impacts, which is called the
“full—scale” analysis. These options were evaluated

by the various work groups for potential impacts to
their area of interest, i.e., wildlife, fisheries, power,
flood control, irrigation, etc. System hydrological
studies called hydroregs, were prepared which
simulates each reservoir’s operation over the period
of record. The hydroregs are the common denomi-
nator for evaluation by the various work groups.

The full scale analysis methodology for the irriga-
tion/M&I function is described in Chapter 3, “Study
Methods and Procedure,” while the results of the
analysis are presented in Chapter 4, “Alternatives
and Their Impacts.” The comparison of alternatives
with the Base Case (SOS1A) and with the No Action
Alternative (SOS2C) to determine incremental
monetary impacts is presented in Chapter 5, “Com-
parison of Alternatives.”
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CHAPTER 2

IRRIGATION/M&I IN THE COLUMBIA BASIN TODAY

2.1 INTRODUCTION

Included in this chapter is a general overview of
irrigation in the Pacific Northwest, including a
tabulation of irrigated acres, irrigation depletions
and diversion, by hydrologic basin, and a summary of
state water rights as related to issues raised by the
public during the scoping process.

Characteristics and conditions of the irrigation and
M&I water users in the areas potentially affected by
the operation of the Federal system are described.
Although irrigation occurs throughout the Columbia
River Basin, the irrigation and M&I characteristics
and conditions for water users located outside the
potentially affected area are not described.

2.2 OVERVIEW OF IRRIGATION/M&! IN THE
PACIFIC NORTHWEST

2.2.1 lrrigation Today

Agriculture, including the production from irrigated
lands, is an important industry in the economy of the
Columbia River Basin. In 1991, crop and livestock
sales amounted to $9.7 billion in the region, exclud-
ing British Columbia. In addition to the direct
effect of these sales on the region’s employment and
income, the regions’ economic base is enhanced.
The enhancement results from the induced and
stemming impacts generated by the processing,
shipping and handling, and transportation of agricul-
tural products, as well as the provision of production
inputs to agricultural producers. A vast network of
supporting infrastructure has been built up around
the production of food and fiber in the region.

Water is one of the regions most important natural
resources. In 1989—1990 the irrigated acreage for

the Columbia River Basin (including British Colum-
bia) was 7,324,300 acres (2,964,000 hectares), or
approximately 4 percent of the regions total area.
This acreage includes full and supplemental irriga-
tion service to lands that range from relatively low
intensive meadow hay production at high elevations
in Idaho, eastern Oregon, and western Montana to
intensive irrigation of fruits and vegetables in south-
ern Idaho, Yakima Valley, Willamette Valley, central
Washington, Columbia River corridor, and other
areas. Idaho has the largest irrigated acreage with
approximately 3.33 million acres (1.33 million
hectares), while Washington and Oregon have

1.879 million and 1.317 million acres respectively
(0.76 million hectares and 0.53 million hectares).
Table 2—1 displays the distribution of irrigated acres
in the region, including British Columbia, Canada.

Climate is perhaps the most important environmen-
tal factor in the region affecting irrigation and its
potential. Annual precipitation and the length of
the growing season varies widely over the region.
Annual precipitation averages 28 inches (711 mm)
over the region. However, many of the irrigated
areas receive less than 15 inches (381 mm) per year.
Precipitation generally increases with elevation.
Much of the irrigation practiced in the region is
dependent on the use of storage and diversions from
rivers and streams, although a significant amount of
irrigation occurs from groundwater wells.

Irrigation in the region is practiced over a wide
range of agronomic conditions and with varying
intensity. The value of crop production in the
region can range from $6,000 per acre for high
yielding apple and grape orchards with capital
intensive drip or solid set systems to $150 per acre
for meadow hay—pasture production at high eleva-
tions utilizing subirrigation or wild flooding.
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Table 2-1. Irrigated Acreage By State — Columbia River Basin
State/Province Acreage Percentage
Idaho 3,332,200 45.5
Montana 433,700 59
Washington 1,878,900 25.6
Oregon 1,316,600 18.0
Wyoming 94,100 13
Utah 5,600 1
Nevada 70,400 1.0
Total United States 7,131,500
British Columbia 192,800 _32
Total for Region 7,324,300 100.0

2.2.2 History of Irrigation in the Region

The biggest stimulus to agricultural development in
the region was the discovery of gold and the result-
ing influx of people requiring food and shelter. With
the miners came farmers and cattlemen. Dryland
grain and forage production became the most com-
mon form of farming, especially in the Willamette
Valley of Oregon. However, because vast amounts
of land located in the arid area east of the Cascades
could not support dry—farming, farmers turned to
irrigation. The earliest practice of irrigation in the
region was on a small scale by several Indian tribes,
including those in the Yakima Valley.

From the beginning of white settlement, individuals
and private companies diverted water from streams.
Because of the distance from water supply sources
the appropriation doctrine of water use was devel-
oped and served the region well.

From the early small diversions from streams to
irrigate food crops and to produce feed for livestock,
irrigation expanded to nearly a half million acres

in 1900. Irrigation expanded rapidly after that to
2.3 million acres (0.93 million hectares) by 1910.
Irrigation grew to 3.5 million acres (1.41 million
hectares) in 1928, to 6.5 million acres (2.63 million
hectares) in 1966, to 7.5 million acres (3.03 million
hectares) in 1980, a then decreased slightly to the

present 7.3 million acres (2.95 million hectares) in
1990.4

Many acts of Congress were made to encourage
settlement and development of the west, including
the Pacific Northwest. These acts included the
Donation Land Act 1850—1855, the Homestead Act
of 1862, the 1877 Desert Land Act, the Cary Act of
1894, and the 1902 Reclamation Act. Congressional
land grants to railroads opened up additional parts
of the public domain to development. The railroads
provided the needed transportation for farm com-
modities and livestock. While private enterprise
developed a substantial acreage of land in the
region, is was apparent by the 1890’s that further
development would require a strong and active role
by the Federal government. The 1902 Reclamation
Act provided the authority and funding for the
comprehensive development of river basins in the
west. Of the 7.3 million acres (2.95 million hect-
ares) irrigated in the region, lands receiving Recla-
mation water or utilizing Reclamation constructed
systems to transport water accounted for approxi-
mately 3 million acres (1.21 million hectares) in
1990. In addition, powerplants at Reclamation dams
provided the necessary low cost power required to
pump water to land areas not reachable by gravity
diversions alone.
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2.2.3 Characteristics of Agricuiture,
Production and Value

All portions of the region have some irrigation. The
major blocks of concentrated irrigation are located
in the Yakima Valley, Boise and Payette valleys,
along the Snake River Plain in southern and eastern
Idaho, central Washington, north central Washing-
ton, the Deschutes basin, and lands adjacent to the
Columbia River near the Tri—Cities area. There
have been extensive private irrigation developments
pumping from the McNary, John Day, and Ice
Harbor dam pools.

Irrigated farming is usually characterized by a fairly
high degree of diversification and intensive land use.
There is no “average” irrigated farm that is repre-
sentative of the region. In addition, many areas
contain irrigated farms that are less than full—time
operations on which the owner does not rely for
his/her total income.

Commercial family farm size can range from a

40 acre (16 hectares) apple orchard to a 640 acre
(259 hectares) cash—grain row crop operation. In
addition, there are large size commercial or “corpo-
rate farms” that may irrigate thousands of acres.
The largest of these are located along the Lower
Snake River and immediately downstream below the
confluence with the Columbia River. These particu-
larly large operations may contain 10,000 to

20,000 thousand acres (4,000 to 8,000 hectares),
and utilize complex high—tech irrigation pumping
systems to deliver water to center pivot irrigation
systems,

It is of particular interest that center pivot irrigation
systems have enabled the irrigation of lands, espe-
cially large blocks along the Columbia River, along
the Snake Plain, and in central Washington. These
lands due to soil texture and topography, would have
been classified as nonirrigable under gravity or rill
irrigation. Soils in these areas are highly sandy with
a low water holding capacity. As such, during the
peak irrigation season these soils need water applied

as often as every 3 to 4 days, which is impractical
under gravity systems. Center pivot systems are able
to deliver water at the necessary intervals and at
graduated amounts to insure proper plant growth,
provide plant cooling, and prevent soil erosion by
wind during critical periods.

Production from irrigated land accounts for a sub-
stantial portion of the total crop production in the
region. The production of some crops like potatoes,
sugar beets, hops, mint, and fruit is almost exclusive-
ly from irrigated lands. Table 2—2 demonstrates
the importance of irrigation and shows total crop
production in Washington, Oregon, and Idaho in
1987 as well as the portion estimated to come from
irrigation.

The region is the leading producer of many crops
grown in the United States. Washington is the
leading U.S. producer of apples, asparagus, hops,
lentils, concord grapes, sweet cherries, spearmint oil,
and pears. Idaho is the leading state in the produc-
tion of potatoes and second in sugar beets. Oregon
leads in the production of peppermint oil and ranks
very high in the production of processing vegetables.

2.2.4 Future Increases In Irrigation

It is estimated that the region contains approximate-
ly 33 million acres (13.4 million hectares) that are
potentially irrigable. These lands have favorable
soils, topography, drainage, and climate which makes
them suitable for irrigation. However, many of
these lands have little or no prospect of irrigation
and are better suited to other uses. The Irrigation
and M&I Work Group considered possible future
increases in irrigated acreage and concluded that
only the 87,000 acres (35,200 hectares) currently
being studied for irrigation development as part of
the existing Columbia Basin Federal Reclamation
Project be included as a projected future develop-
ment. The existing food and fiber supply/demand
situation, budget constraints, environmental restric-
tions, and financial feasibility of Federally sponsored
irrigation developments precludes further projected
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Table 2-2. Crop Production in Washington, Oregon and Idaho, and the Portion of

Production from Irrigated Lands

Selected Major Commodities
Crop Total Production Percept of Total
For 3 States ! From Irrigated Lands?
Units Production Percentage
Corn for grain Bu. 14,134,000 86.9
Wheat Bu. 249,907,000 310
Potatoes Cwt 178,452,000 99.0
Hops Lbs 14,457,000 100.0
Mint, Oil Lbs 5,748,000 100.0
Hay, alfalfa & mix Tons 8,480,000 63.7
Vegetables Acres 331,000 732
Orchards Acres 346,000 85.0
Sugar beets Tons 4,716,000 100.0

_l_/Source: 1987 Census of Agriculture data for Idaho, Oregon, and Washington. Data exclude western
Montana, and portions of the basin in Wyoming, Utah and Nevada — not able to disaggregate data from

total for state.

ZSource: Percentages are estimates utilizing 1987 Census of Agriculture, including the 1988 Irrigation

§upplement with 1988 data.

increases in development. As with any economic
sector, the irrigation acreage in the region varies
annually depending on economic conditions in the
agricultural sector, national economic conditions,
water supply as well as other considerations.

2.2.5 Use Of Water

Irrigation diversions from the regions streams, rivers,
and reservoirs is a function of the crop consumptive
use requirement, delivery system losses, and on—
farm losses, including application efficiency. Net
irrigation depletions, essentially diversions minus
return flows, is the more meaningful indicator to
system operations because the residual water is the
actual amount available to benefit other uses, includ-
ing the power system. Return flows are available for
hydro power generation, fish flows, etc. and need be
accounted for in flood control operations. On—farm
and system operational efficiencies vary widely over

the region. Irrigation application methods have
changed significantly in the region.

Sprinkler application essentially started with the
introduction of light weight sprinkler pipe in the
1940’s and continues to be utilized. With the
introduction of wheel roll systems, and especially
center pivot irrigation technology, the conversion
from gravity to sprinkler application accelerated in
the late 1960’s and 1970’s. Essentially all new irriga-
tion development since the mid 1970’s has utilized
sprinkler application. Center pivot technology has
allowed irrigation of lands that previously would be
non—irrigable because of topography, field size, and
water holding capability. In certain areas gravity
application remains a highly viable and efficient
method of application. It is estimated that 43
percent of the irrigation in the region is with gravity
systems and 57 percent with sprinkler systems.
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The science of irrigation application technology has
steadily progressed to where it now includes satellite
technology to transmit agricultural and meteorologi-
cal data to irrigators to improve water management
and reduce energy use. Crop water use infromation
networks such as AgriMet have been developed to
assist irrigation districts and individual irrigators to
schedule irrigation, improve application efficiency,
and conserve energy.

Total irrigation diversions in the region were 32.56
million acre—feet (40.2 billion cubic meters) for the
1990—1991 base level of development, but with a net
depletion 13.73 million acre—feet (16.9 billion cubic
meters). Table 2—3 summarizes irrigation diversions
and depletions for the hydrologic basins in the
region for the 1990—1991 base level of development.

2.2.6 Municipal and Industrial Water Supply

The current level of M&I depletions were not
considered to be significant in the measurement of
impacts under SOR alternative operating strategies.

Approximately 90 percent of the total water with-
drawn in the Pacific Northwest is for irrigation.
Public water supply and domestic use account for
about 4 percent, commercial use about 2 percent,
and industrial use about 2 percent. The remaining
amount is shared by livestock, mining, and thermo-
electric. Water withdrawn for nonagricultural use
has a higher return rate than for agricultural uses.
Accordingly, total depletion for the M&I uses is
estimated at less than 2 percent.!

2.3 IRRIGATED ACREAGE AND WATER
RIGHTS

2.3.1 Irrigated Acreage

Information about the irrigated land base and the
water depletions, due primarily to irrigation activity,
is useful in the management of the Columbia River
System and provides data for administration of the
Canadian Entitlement Allocation Agreement.
Under the auspices of the Pacific Northwest River
Basins Commission, a detailed tabulation of irri-
gated acreage within the Pacific Northwest was
completed for 1980.

Table 2-3. Irrigation Diversions and Net Depletions by Basin !

Hydrologic Basin Irrigation Net Irrigation

Diversion Depletion

Acre—Feet Acre—Feet

Upper Columbia & Kootenai 179,260 113,580
Clark Fork—Pend Oreille & Spokane 1,287,000 768,600
Columbia Plateau, East Cascade, & Yakima 5,632,370 3,425,050
Upper Snake River 14,365,500 4,661,060

Central Snake River 7,545,580 2,623,520

Lower Snake River 849,010 533,490
Mid Columbia 2,352,610 1,334,920

Lower Columbia 59,020 22,300
Willamette 290,670 231,870
Total 32,561,060 13,734,400

USource: “Draft USBR/BPA, Columbia River Basin, System Operation Review, Irrigation Depletion
Estimate, September 10, 1993, prepared for Bonneville Power Administration by A.G. Crook Company.
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An update of the irrigated acreage and irrigation
diversions and depletions for the Columbia River
Basin was prepared for BPA. The report entitled
“Modified Streamflows — 1990 Level of Develop-
ment, Columbia River and Coastal Basins,
1929—-1989” identifies irrigated acreage, and irriga-
tion diversions and net depletions by hydrologic
basin. The I/M&IWG assisted in identifying data
sources and collecting and verifying data used to
update the irrigated acreage base. Table 2—4 shows
irrigated acreages in the Columbia River Basin by
state and province for the 1989—1990 period. A
more detailed discussion of irrigated acreages,
application methods is maintained by the Bureau of
Reclamation as a supporting volume to this appen-
dix.
2.3.2 Irrigated Acreage by River Section of
Columbia River

The county data for each of the four states were

combined into subregions and subareas, each con-
taining one or more tributary basins to the Columbia
River. The areas are defined by logical drainage
basin areas. Where a county is located in two or
more subareas the division of acreage between
subareas is based on the proportionate relationship
identified in the 1980 Pacific Northwest River Basins
Commission report or current information, if more
appropriate. Portions of Wyoming, Utah, Nevada,
and British Columbia that are also in the Columbia
River Basin were included in the tabulation.

There is an estimated 7.3 million irrigated acres

(3 million hectares) in the Columbia River Basin.
Of this, 46 percent is in Idaho, 18 percent in Ore-
gon, 26 percent in Washington, 6 percent in Mon-
tana, and the remaining 4 percent in Nevada, Utah,
Wyoming, and British Columbia. The following
table shows the irrigated acreage by state and for
British Columbia for major segments of the river
reaches within the Basin.

Table 2-4. Irrigated Acreage in Columbia River Basin By State ~ 1989-90

State or Above Grand | Grand Coulee | Above Ice Ice Harbor Below- Total
Province Coulee to Mouth of | Harbor Dam Dam to Bonneville Irrigated

the Snake Bonneville Dam Dam Acres
Idaho 25,800 0 3,306,400 0 0 3,332,200
Montana 433,700 0 0 0 0 433,700
Washington 60,600 1,509,800 77,300 207,900 23,300 1,878,900
Oregon 0 0 502,000 531,500 283,100 1,316,600
British 89,700 103,100 0 0 0 192,800

Columbia
Wyoming 0 0 94,100 0 0 94,100
Utah 0 0 5,600 0 0 5,600
Nevada 0 0 70,400 0 0 70,400
Total Acres 609,800 1,612,900 4,055,900 739,400 306,400 7,324,300
2-6 FINAL EIS 1995
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2.3.3 Water Rights - Irrigated Agricuiture

This section is a summary of state water rights
pertaining to irrigated agriculture in the Pacific
Northwest. This discussion responds to issues raised
during the public scoping process and to increased
interest in the possible transfers of water from
irrigated agriculture to alternative uses such as
instream flows. As pointed out previously, it is
beyond the scope and authority of SOR to propose
to limit or diminish existing irrigation water rights
held by irrigation districts, individuals, and other
entities.

The summary discussion follows. A more detailed

discussion of water rights, which is the basis for the
summary is maintained by the Bureau of Reclama-
tion as a supporting volume to this appendix.

a. The water codes and water laws in each of
the Pacific Northwest states are very similar.
Each of the states has adopted the appropri-
ation doctrine as the basis for its water right
law. This doctrine is well suited for condi-
tions in these states. Water rights vested
under the riparian doctrine are recognized in
Oregon and Washington, but it is assumed
that these, or other claims to vested water
rights are not significant for purposes of this
study.

b. The administration of water law is centralized
in an agency or entity of state government
(e.g., department of water resources or state
engineer). Montana was the last of the
Pacific Northwest states to adopt the
centralized system in 1973. Administrative
procedures of each state are similar.
Increasingly, alternative uses such as instream
flows are being recognized under the water
right codes of each of the Pacific Northwest
states.

c. Most streams in the Pacific Northwest are
fully or over appropriated. The water code of
each state allows for court adjudications.
These adjudications settle disputes among
users, provide a means of legally terminating
unused water rights and provide a means of

accommodating and settling claims to vested
rights or Federal reserved water rights. A
number of major adjudications are under
way, including: the entire state of Montana,
the upper Snake River in Idaho, and the
Yakima River in Washington.

All of the Pacific Northwest states allow water
transfers. A cornerstone of the water codes
in this regard is that third party water right
holders are protected from injury due to
water right transfers. As a result, the
transferable quantity is almost always limited
to the historic consumptive use (evaporation
and transpiration). Generally, in the Pacific
Northwest, indirect or third party impacts are
not recognized. An exception to this is that
the State of Idaho requires that any water
transfer be evaluated against its impact on
the agricultural economy of the area,
specifically the farm sector. Also, Washing-
ton State Department of Ecology may deny
or condition transfers to protect the public
interest or to assure maximum net benefits.
The transfer process generally includes public
notice and otherwise meets established legal
and administrative requirements. The
determination of the historical consumptive
use can often be complicated and expensive.
In contrast, temporary water transfers,
usually in time of drought, offer considerable
flexibility toward solving water supply
problems and are considerably easier to
effect.

A newly evolving area of water right law
involves water conservation. The courts have
consistently found that water users do not
have a right to waste or use water in unrea-
sonable ways. On the other hand, nonuse
leads to the loss of the water right. As it is
often put: “Eternal vigilance is the price of a
good water right!” Consequently water is
often diverted when it is not absolutely
needed. Oregon has a water law that
provides a significant incentive to encourage
water salvage through conservation. The
water banking allowed in Idaho offers some
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promise as well, although presently the
process is restrictive. Washington’s trust
water rights program allows for salvaged
water to be acquired by the state without loss
of priority date and reallocated for public
benefit. Incentives to participate are
provided by state and federal cost sharing
programs.

f. Federal reserved water rights must be
integrated into the various states’ water
appropriation system. Until this is accom-
plished there will remain considerable

uncertainty about the worth of the previously -

established state water rights. Many Federal
water rights, unused and undefined, have
been dormant and will be superimposed on
the states’ priority system. A Federal right
that was never used could very well have the
highest priority in a river basin and depend-
ing on its quantity, could render many
established water rights relatively worthless.

In conclusion, it is apparent that legal constraints
exist to obtaining and transferring water from agri-
culture to other alternative uses. Considerable
progress has been made along this line; alternative
uses such as instream flows for fish are now officially
recognized as a beneficial use. Oregon’s recent
legislation covering water salvaged from water
conservation, Idaho’s water banking and Washing-
ton’s trust water rights program are other examples.
However, without further changes in the water codes
of the Pacific Northwest states it will remain difficult
to transfer substantial amounts of water from irri-
gated agriculture to alternative uses.

24 IRRIGATION AND M&l ISSUES -
BASIN-WIDE AND AT SPECIFIC
LOCATIONS

2.4.1 Introduction

Analysis of SOR operational options indicates that
six reservoirs would experience lowered reservoir
pools under at least one of the options. The reser-
voirs by name of dam are: (1) Grand Coulee, (2)
Lower Granite, (3) Little Goose, (4) Lower Monu-

mental, (5) Ice Harbor, and (6) John Day. Although
irrigation and M&I water use occurs at many loca-
tions and reservoirs in the Columbia River Basin,
only the six FCRPS reservoirs affected by SOR alter-
native strategies are included in the impact analysis.

Irrigation water is pumped from reservoirs behind
Grand Coulee, Ice Harbor, and John Day dams.
M&I water, and related ancillary water, is utilized
from all six reservoirs.

2.4.2 Grand Coulee (Lake Roosevelt) —
Irrigation

Grand Coulee Dam located in north central Wash-
ington on the Columbia River (river mile 596.6)
impounds Lake Roosevelt (FDR), which has an
active capacity of 5,185,000 acre—feet (6.4 billion
cubic meters). The powerplant has a total name-
plate capacity of 6,494 MW making it one of the
largest in the world. Power generation in excess of
that needed to pump water for irrigation, is delivered
to BPA for sale to wholesale customers. The dam is
part of the Federally authorized Columbia Basin
Project, a multipurpose project constructed by the
Bureau of Reclamation with the authorized purposes
of power, flood control, irrigation, and navigation.
An extensive system of irrigation pumping plants,
canals and laterals, storage reservoirs, and a drain-
age system has been constructed to serve the autho-
rized irrigation acreage. The project supplies water
to approximately 557,500 acres (225,600 hectares) in
Grant, Adams, and Franklin counties, Washington.
In addition, approximately 97,000 acres (39,300
hectares) are served by interim water service con-
tracts, ground water licenses, or other arrangements.

Water is delivered to project lands via a pumping
plant located on the south side and immediately
upstream of the dam. The pumping plant lifts water
approximately 300 feet (91 meters) from FDR to
Banks Lake, an offstream equalizing reservoir with
an active storage capacity of 715,000 acre—feet (882
million cubic meters). The pumping plant consists
of 12 units, units 1—6 (P1—6) are pumping units
only, while units 7-12 (P/G7—12) are pump—gener-
ating units. As such, the P/G units can pump water
as well as generate electricity, in which case water is
returned from Banks Lake to FDR.

2-8 FINAL EIS
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From Banks Lake water is supplied to irrigation
water users, represented by three irrigation districts,
which have contracted with the United States for a
water supply. The Columbia Basin Project is autho-
rized to irrigate approximately 1,095,000 acres
(443,100 hectares). With 557,500 acres

(225,600 hectares) currently irrigated, irrigation of
the remaining authorized acreage has been the
subject of numerous investigations and feasibility
studies. In the late 1970’s a second conveyance
facility called the Bacon Siphon and Tunnel No. 2
was constructed in anticipation of irrigation of the
remaining acreage and to alleviate peak delivery
shortages of the Bacon Siphon and Tunnel No. 1.
The expansion or development of the second half of
the project was evaluated in a draft EIS published in
September, 1989 and a supplement to the draft
published in September, 1993. Work on the final
EIS was discontinued in 1994.

The Columbia Basin Project being endowed with
favorable soils, climate, and water supply produces a
wide variety of crops, and generated approximately
$550 million in crop sales (farmgate value) in 1992.
The production of these crops generates additional
income and employment in Washington that are
induced and/or stemming from processing, shipping,
and the provision of inputs utilized by farmers in
production. In addition to irrigation and power
benefits, recreation and fish and wildlife opportuni-
ties are significant in the area, the result of numer-
ous water bodies created by the project, slack water
on FDR, and habitat development from irrigation,
and return flows. Figure 2—1 is a picture showing
Grand Coulee Dam, Lake Roosevelt in the fore-
ground, pump—generating plant and feeder canal to
Banks Lake, and Banks Lake in the background.
Figure 2—2 is a map showing the location of Grand
Coulee Dam and the irrigated lands of the Columbia
Basin Project.

SOR alternative operating strategies that lower the
level of FDR during the irrigation (pumping) season
increase the pumping cost because of the increased
pumping head to Banks Lake, i.e., additional electri-
cal energy is needed to run the pumps. Individual
irrigators pay pumping cost including additional

pumping through their representative irrigation
district.

2.4.3 Grand Coulee — M&l

Minor amounts of water are pumped from FDR
Lake and from nearby bank storage, at several
locations on the lake and reservoir. The water is
used for M&I and small tract irrigation. Due to the
minor amount of water involved and the potential
impacts, these installations were not included in the
impact analysis.

2.4.4 Lower Granite, Little Goose, and Lower
Monumental

Lower Granite, Little Goose, and Lower Monumen-
tal dams are located on the Snake River at river mile
107.5, 70.3, and 41.6 respectively. The three are
run—of—river projects constructed by the Corps of
Engineers. The authorized purposes for all three
projects are power, navigation, recreation, fish and
wildlife, and irrigation. As run—of—river projects,
the reservoir level fluctuations are kept to a narrow
range, although in recent years have been operated
at or near minimum operating pool (MOP) during
parts of the spring and summer to minimize salmo-
nid smolt travel time through the reservoir.

M&I Water Use

M&I pumping installations at these reservoirs
include Corps of Engineers wildlife pumps, a sand
and gravel operation, Whitman county Parks, Clark-
ston golf course, Washington State Parks, and Idaho
State Parks. A total of nine installations are located
on Lower Granite pool, two on Lower Monumental,
and two on Little Goose. '

2.4.5 Ice Harbor — Irrigation

Ice Harbor Dam is located on the Snake River at -
river mile 9.7 and the reservoir (Lake Sacajawea)
extends upstream approximately 32 miles (51.5 kilo-
meters). Ice Harbor was constructed by the Corps
of Engineers with the authorized purposes being
power, navigation, recreation, fish and wildlife, and
irrigation. Ice Harbor is a run—of—river project like
Lower Granite, Little Goose, and Lower Monumen-
tal. Reservoir level fluctuations at Ice Harbor are
kept to a narrow range, although in recent years the
reservoir has been operated at or near MOP during
parts of the spring and summer.
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Figure 2-1. Grand Coulee Dam

2-10 FINAL EIS 1995



Irriggtion Appendix 2
W l
!
!
i
WASHINGTON i
FDR Lake |
:
cOLU“B‘A— !
!
i
! IDAHO
GRAND COULEE DAM |
i
Banks Lake l
|
2 g
Columbia Basln Project, 1
/lrrigated Area (impact Area) |
i
|
i
i
KE % |
gnA %‘4 i
\Ice Harbor Pool,
irrigated Area,
17 /- (impact Area)
DAN
AVER e em et o ¢ 4 i o o 4 et 8 0 41 ——————e
' OREGON &
_umBlA g John Day Pool,
" JouN ———irigated Area,
oﬁz {impact Area)
CANADA
IMPAGT : L 0 10 20 30 40 50
[ e e e -
AREA | "\« MILES
i.‘
AR
OREGON { |pAHO \
SRR NP
Figure 2-2. lrrigated Impact Areas
1995 FINAL EIS 2-11




2

Irrigation Appendix

Since the construction of Ice Harbor Dam in the
early 1960’s, private entities have funded the irriga-
tion of lands adjacent to the reservoir in Franklin
County (north side) and Walla Walla County (south
side). Figure 2—3 shows a typical irrigation pump-
ing plant located on the Ice Harbor or John Day
pool.

Figure 2—2 shows the general location of the lands
irrigated from the Ice Harbor pool. A tabulation by
consultants to the Corps of Engineers identified

13 irrigation pumpers irrigating 36,389 acres (14,700
hectares) from the reservoir pool. Many of these
entities are large corporate operations. Irrigation
pumpers utilize pumping plants or collection systems
located on the reservoir bank to pump water to
lands lying essentially adjacent to the reservoir.
Irrigation entities pumping from reservoir pools

utilize natural flow water rights permitted or granted
by the Washington Department of Ecology as well as
easements and permits issued by the Corps of Engi-
neers.

Five of the 13 SOR operating options contain pro-
posals to lower the Ice Harbor reservoir pool which
would affect irrigation pumping by increasing the
pumping lift (head) and necessitating the modifica-
tion of pumping plants.

2.4.6 Ice Harbor — Municipal and Industrial

Water Supply

In addition, to commercial irrigation pumping from
the Ice Harbor pool, a total of three pumps used by
the Corps of Engineers to irrigate wildlife habitat
would be affected by SOR alternatives that lower the
reservoir pool.

Figure 2-3. Typical Irrigation Pumping Plant
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2.4.7 John Day — Commercial Irrigation

John Day Dam is located on the Columbia River at
river mile 347 and the reservoir extends upstream to
McNary Dam. The dam was constructed by the
Corps of Engineers for the authorized purposes of
power, recreation, navigation, flood control, irriga-
tion, fish and wildlife, and water quality. The nor-
mal operating pool normally fluctuates between 265
feet (80.8 m) and 268 feet (81.7 m) during the
irrigation season and between 260 and 265 feet at
other times of the year. The reservoir has some
flood control capacity although it is usually operated
as a run—of—river project.

A significant amount of private irrigation has devel-
oped on the Oregon side (Sherman and Gilliam
counties) and on the Washington side (Klickitat and
Benton counties) of the reservoir. Figure 2—2
shows the general location of the lands irrigated
from the John Day pool. A tabulation by consul-
tants to the Corps of Engineers identified 25 irriga-
tion pumpers irrigating 139,500 acres (56,455 hect-
ares) from the reservoir pool. Many of these enti-
ties are large corporate operations. Irrigation
pumpers utilize pumping plants or collection systems
located on the reservoir bank to pump water to
lands lying essentially adjacent to the reservoir.

Irrigation entities pumping from reservoir pools
utilize water rights permitted or granted by Oregon
Water Resources Department on the Oregon side
and by the Washington Department of Ecology on
the Washington side as well as easements and per-
mits issued by the Corps of Engineers.

Seven of the 13 SOR operating options contain
proposals to lower the John Day reservoir pool,
including the Preferred Alterative, which would
affect irrigation pumping by increasing the pumping
lift (head) and necessitating the modification of
pumping plants.

2.4.8 John Day — Municipal and Industrial
Water Supply

In addition, to commercial irrigation from the John
Day pool, non—commercial irrigation users, termed
M&I users were identified that would be affected by
alternative operating strategies. These M&I type
uses include two fish hatcheries, city of Boardman
water supply, city of Umatilla sewage treatment
outlet, individual ground water wells located on the
river bank, an aluminum plant, a school and dredg-
ing required at the mouth of the Umatilla River at
the confluence with the Columbia River.
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CHAPTER3

STUDY METHODS AND PROCEDURE

3.1 OVERVIEW

This chapter identifies the study methods and proce-
dures used to measure the monetary impacts of SOR
alternative operating strategies on entities who
pump from, or are otherwise affected by the opera-
tion of, reservoir pools on the Columbia and Lower
Snake rivers. The analysis is called the “full —-scale
analysis.” This chapter also references the results of
the screening analysis as the product of formulated
operating strategies identified earlier in the SOR
screening process.

Along with a discussion of study methods and proce-
dures, the germane assumptions and the parameters
or constraints of study procedures are identified and
addressed in this chapter.

3.2 SCREENING RESULTS AND SUMMARY

The results of the screening analysis, which was prior
to the full—scale analysis are contained in “Screen-
ing Analysis: A Summary” and “Screening Analysis”,
Volume 1, Description and Conclusions, August
1992.

3.3 FULL SCALE ANALYSIS

The full scale analysis was made for each of the 13
SOR operating options, including the Prefered
Alternative.

The full scale analysis of impacts on reservoir pump-
ers affected by alternative operating strategies is
divided into two components: (1) The first is for
irrigation pumping associated with commercial
agriculture termed “commercial irrigation,” and (2)
The second component is for M&I users, which
includes pumpers who utilize reservoir water for
municipal and industrial purposes (M&I), water for

fish hatcheries, Corps of Engineers pumping for
recreation areas and wildlife habitat, irrigation of
state parks, and other entites that would be directly
affected by lowered reservoir pools.

Analysis of alternative operating strategies reveals
that of the 14 reservoirs in the FCRPS six reservoirs
would experience lowered pool levels impacting
irrigation and M&I users. Those reservoirs are (by
dam) Lower Granite, Little Goose, Lower Monu-
mental, Ice Harbor, John Day, and Grand Coulee.
Exhibit A contains a summary of the simulated
hydrology studies, called hydroregs showing end of
month elevations for the period of record for the six
reservoir pools.

Pumping from reservoir pools for commercial irriga-
tion was identified for three reservoirs — those
behind Grand Coulee, John Day, and Ice Harbor
dams. Pumping from Grand Coulee is almost exclu-
sively by the Bureau of Reclamation which delivers
water to irrigation districts of the Federally
constructed Columbia Basin Project. There is some
minor irrigation and M&I pumping from Grand
Coulee (Lake Roosevelt or FDR) by individuals.

Irrigation water is pumped from John Day and Ice
Harbor pools by private individuals or corporations.
These entities utilize appropriative state water
rights, and permits issued by the Corps of Engineers
to irrigate lands adjacent to the two reservoir pools.

The full scale analysis utilized the increased pumping
cost to measure impacts on irrigation resulting from

reservoir drawdown for John Day, Ice Harbor pools,
and Grand Coulee.

Impacts on M&I pumpers were also measured by
determining the pumping plant modification cost,
and the increased operation, maintenance, and
pumping cost for those installations to obtain a total
annual cost.
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Power Rate Impacts on Pumping

Theoretically, reservoir drawdowns could adversely
affect FCRPS power production causing power rate
increases.

Increased pumping requirements associated with
reservoir drawdown (increased lift) were evaluated
at the existing power rates charged by the local
utilities, and not at the induced power rate. The
Power Appendix discusses potential power rate
impacts on classes of power customers.

Discounting For Occurrence of Value

Because the SOR operating options have different
implementation dates it was necessary to discount
the annual occurrence of monetary measures for
each alternative (pumping cost) to year 1 of the
analysis, or 1995. This procedure, consistent with
standard time value of money evaluation concepts, is
necessary to insure that the comparison among SOR
alternatives is on an equal basis. The Federal dis-
count rate for fiscal year 1995 of 7.75 percent and a
3.0 percent “real” interest rate with a 100 year
period of analysis was used to discount and amortize
values to obtain an annual equivalent value.

The implementation, or on—line, dates for alterna-
tives is listed below.

Alternative Strategy Implementation Date

SOS1 & SOS2 1995
SOS84c 1995
SOS5b 2010
SOS5c 2000
SOS6b . 2005
SOS6d 2000
SOS9a and ¢ 2005
SO89% 1995

Preferred Alternative 1998

3.3.1 Impact of Reservoir Drawdowns on
Commercial Irrigation

3.3.1.1 Grand Coulee

The Bureau of Reclamation pumps water from Lake
Roosevelt to Banks Lake an offstream reservoir, for

use by irrigators who belong to irrigation districts
served by the Columbia Basin Project in central
Washington. In accordance with the project Con-
gressional authorization, the electrical energy neces-
sary to run the pumps (called project pumping) is
furnished by project generation. On farm (or non-
project) pumping requirements are obtained from
local utilities. Electrical power to run the 12 pumps
comes directly from the hydroelectrical power units
at Grand Coulee. Project pumping is approximately
960 million kwhrs annually which is approximately
4.7 percent of the total generation at Grand Coulee
(Coulee). Generation in excess of project needs is
delivered and available for use by the Federal Co-
lumbia River Power System as operated by BPA. 5/ 6

Currently, the Columbia Basin Project provides
water to approximately 557,500 acres (225,600 hect-
ares), which includes a small amount of lands served
by pumping from the McNary pool. In addition,
approximately 97,000 acres (39,250 hectares) are
served by interim water service contracts, ground
water licenses, or other arrangements.

The irrigation pumping requirement at Coulee for
each of the 13 operational options was determined
in mwhrs and monetized at the current repayment
rate of .95 mills per kwh, which is based on the cost
of operation and maintenance of power units 1—-18
at Coulee.

The pumping requirement at Grand Coulee was
modeled as a function of: (1) The amount of water
pumped annually; (2) The head differential between
Banks Lake and Grand Coulee, (3) The operating
characteristics, including pump efficiency, for each
of the 12 pumps available for pumping use, and (4)
monthly (14 periods) pumping requirement (in
mwhrs) for each year in the period of analysis, and
(5) Variable power operations at Coulee in effect to
optimize power generation. The model yields the
monthly pumping requirement (in mwhrs) for each
year in the period of analysis, 1929 through 1978.
The 14 periods per year are consistent with the SOR
hydroregs which splits April and August into 15 day
periods — hence a total of 14 periods per year.

The major variable affecting the amount of water
pumped is the irrigated acreage. The average
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historical monthly pumping requirement for the
period 1988 through 1992 was utilized to reflect the
current level of irrigation development and water
use efficiencies. Because the elevation at Banks
Lake varies only slightly during the pumping season
and is not impacted directly by the SOR alternatives,
the average monthly (14 periods) elevations for the
1988 through 1992 period were used to calculate
head differentials between Banks Lank and FDR
Lake. The hydroregs identified end of month
elevations at FDR Lake for each SOR alternative.
The pumping model utilized end of month elevations
for each month of the 50 year period of record (1929
through 1978) in the determination of head differen-
tials. Computations of pumping head reflect begin-
ning—of—month to end—of—month data to derive
the average for the month.

The first six pumping units at Coulee (P1—P6) are
pumping units only, while the second six units (PG
7~12) are pump/generating units. The model
reflects the difference in pumping efficiency over the
differential head range between the pumping units
and the pump/generating units, as well as the
constraint, that the pump/generating units are not
operated when the elevation at Coulee (FDR) is
lower than certain prescribed seasonal elevations.

The summary of the pumping requirements and the
monetization of that pumping at a rate of .95 mills
per kwh ($.00095 per kwh) is shown in Chapter 4.
Additional information is included in Exhibit A.

3.3.1.2 Ice Harbor and John Day Reservoirs

The impact on commercial irrigation pumpers
affected by possible drawdowns of the Ice Harbor
(Lake Sacajawea) and John Day (Lake Umatilla)
pools was measured by estimating the increased
pumping cost for each pump station.

Utilizing the estimated increased pumping cost as
the measure of the impact was a change from the
farm income methodology utilized in the Draft EIS
analysis.

Other than Grand Coulee, John Day and Ice Harbor
are the only reservoirs with irrigation pumpers
affected by alternative strategies. Impacts on M&I
users is described in section 3.3.2. Many of the SOR
options have no effect on reservoir pool levels and
thus there is no direct impact on pumpers.

The effect of lowered pool levels on reservoir irriga-
tion pumpers is manifested by the increased cost to
maintain the existing level of delivery. Pumping
plants are operated and maintained by individual
owners, and under reservoir drawdowns pumping
plants would require modification in order to contin-
ue operation. In addition to pump modification,
additional operation, maintenance, and power costs
would be incurred. Pump modification cost esti-
mates were prepared by the Corps of Engineers and
private engineering consultants. Modification costs
are necessary, in general, to lower the intake struc-
ture, extend the intake lines further into the reser-
voir pool, to dredge a channel to the intake line, or
some combination of these.

Sources and Price Indexing

Modification costs were prepared to reconnaissance
level of detail for all types of pump stations to the
spillway and run—of—river elevation. Costs were
price indexed to 1992 using the ENR Index.

Adjusting to Average Elevations

The hydroregs specify end of month elevations for
the period of record. Average elevations for the
month were calculated by using data for the begin-
ning and end of month values. The resulting aver-
age elevation was used to calculate increased costs.
It was not necessary to prepare a critical period
analysis because the hydroregs show the reservoirs
involved are drawn down to the same elevation for
every month of the period of record.

Modification costs are assumed necessary when the
water surface is lower than the present capability of
the pumping station. Pump modification costs reflect
the lowest drawdown month for the particular
alternative based on the hydroregs. Interviews
conducted by consultants with pump station owners

1995
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identified the water surface level where each pump
was affected. Estimates of pumping plant data were
used where information was not available. Pump
modification cost estimates for elevations between
where the pump was affected and spillway height
were interpolated, as well as for points between
spillway and run of river elevations.

Increased Operation and Maintenance Cost

Operation and maintenance cost associated with the
pump modification cost were estimated at 3 percent
of the modification cost for John Day, and at 5
percent for the 4 lower Snake reservoirs.

Based on input received from pumpers and engi-
neering consultants in the area, the O&M was
increased from 3 percent in the Draft EIS to 5
percent for this analysis for the 4 lower Snake
reservoirs. There is a lack of actual performance
data for the operation of these pumping stations
at lower pool elevations.

Increased Power Cost

Increased power costs were estimated using monthly
water pumping requirements, local utility power
rates, and estimates of the increased energy needed
to pump from the lower water surface based on
information developed by consultants.

Exhibit A contains supporting information devel-
oped by the Corps of Engineers regarding pump
station information, including the development of
cost data.

As a general rule, the agricultural operations of the
Ice Harbor and John Day reservoir pumpers are
characterized by very large farms, some of which are
greater than 20,000 acres (8,000 hectares), high
yields, a high level of irrigation management practic-
es including center pivot irrigation systems, and large
amounts of hired labor. Cropping on these lands is
influenced by the high capital investment costs for
pumping plants, plus above average pumping costs,
and by soil texture. Subsequently, these operations
depend on income from high value crops like pota-

toes, vegetables, and fruit, while accepting marginal
returns (but enough to cover variable cost) from
other rotational crops like wheat and corn.

Electrical power rates for irrigation pumping were
the current rates for the areas in question. A rate of
29 mill per kwh was used for pumping from the Ice
Harbor Pool which is based on the average irrigation
rate charged by local utilities. For the John Day
pool a rate of 25 and 33.5 mills per kwh was used for
pumpers on the Washington and Oregon side respec-
tively which are the current representative irrigation
rates charged by local utilities.

Pump Modification Cost and Operating and Power
Cost

Pumping plant modification cost, including the
increased operating and power cost, was developed
by the Corps of Engineers for the appropriate level
of reservoir drawdown utilizing modification cost
provided by consultants. The modification cost is
only applied to those SOR alternatives with a pro-
posed drawdown. Hydroreg studies indicate end of
month elevations during the pumping season which
is the essential variable on which modification and
increased operating costs are based.

Modification cost to irrigation pumps were identi-
fied with Ice Harbor for SOR alternatives SOS5b,
SOS5c, SOS6b, SOSYa, and SOS 9Yc and those plans
plus SOS6d and the Preferred Alternative for John
Day. Modification cost and the increased operating
and power costs are shown in Table 3—1 for the
applicable SOR alternative operating strategies.

3.3.2 Impact on M&l Users (Nonagricultural
Irrigation and Other Uses)

In addition to commercial irrigation, other reservoir
water users have been identified who would be
impacted by proposed drawdowns of the six reservoir
pools. These uses include conventional M&I water
uses, plus fish hatcheries, parks, irrigation of wildlife
habitat and several other entities who have opera-
tions on the reservoirs. As a group they are called
M&I users for this analysis.
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The impact of alternative operating strategies on
nonagricultural and other entities pumping from
reservoir pools was identified by estimating the
pump modification cost and the increased operation

Number of Pumpers

Reservoir Pool Affected
Lower Granite 9

Lower Manumental 2

Little Goose 2

Ice Harbor 3

John Day 7

Grand Coulee 0!

and maintenance cost, including power. The number
of users by reservoir pool who will be impacted by
drawdown are identified as follows:

Sand and gravel company

Whitman County Parks — pumps
Clarkston golf course

Corps of Engineers pumps (3)
Washington State Parks — pumps

Idaho State Parks — pumps

Corps of Engineers wildlife pumps
Corps of Engineers wildlife pumps
Corps of Engineers wildlife pumps
(Fish hatcheries at Umatilla and Irrigon
City of Boardman water supply

City of Umatilla sewage treatment outlet
Individual ground—water wells
Dredging Umatilla River mouth
Aluminum company

1/ Minor amounts of water are pumped from Coulee (Lake Roosevelt) bank storage and directly
from the reservoir at several locations. The water is used for M&I and small tract irrigation. A review of
reservoir elevation changes indicates that pump modification cost would be very minor, if required at all, and
with only minor increases in operating costs. The impacts were considered insignificant for this analysis.
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The modification cost and the increased operation and maintenance and power cost for M&I users (nonagri-
cultural irrigation and other reservoir pool water pumpers) are shown in Tables 3—2 and 33 respectively.

Table 3-1. SOR Alternatives — Modification Cost and Increased Operating Cost,

Commercial Irrigation?

SOR John Day John Day Ice Harbor Ice Harbor

Study No. Capital — § Annual OM&P Capital — $ Annual OM&P
SOS1a 0 0 0 0
SOS1b 0 0 0 0
SOS2c 0 0 0 0
S082d 0 0 0 0
SOS4c 0 0 0 0
SOS5b 14,340,000 664,000 28,300,000 1,800,000
SOS5c 14,340,000 664,000 28,300,000 1,838,000
SOS6b 14,340,000 664,400 15,000,000 889,000
S0OS6d 14,340,000 664,400 0 0
S0S9a 10,790,000 578,000 15,000,000 890,000
SOS9% 0 0 0 0
SO89%¢ 14,340,000 708,000 16,020,000 890,000

Pref. Alt. 14,340,000 751,000 0 0
Y Values not discounted for plan implementation date.
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Table 3-2. Modification Cost, M&I Pumpers!

SOR John Day Ice Harbor Lower Granite Little Goose Mml;ouzz;tal
Alternatives $ $ $ $ $
SOS1a 0 0 0 0 0
SOS1b 0 0 0 0 0
SOS2c 0 0 0 0 0
S0OS2d 0 0 0 0 0
SOS4c 0 0 0 0 0
SOS5b 36,147,000 1,467,500 3,523,000 705,000 852,000
SOS5¢ 36,147,600 1,467,000 3,523,000 705,000 852,000
SOS6b 36,147,000 767,500 2,983,000 286,000 401,000
S0OSs6d 36,147,000 0 2,983,000 0 0
S0S89a 36,147,000 767,500 2,983,000 286,000 390,000
SOS9% 0 0 0 0 0
SOS9c 36,147,000 818,700 3,258,000 385,000 532,000
Pref. Alt. 39,524,000 0 0 0 0

Y¥alues not discounted for plan implementation date.

Table 3-3. Increased Annual Operation, Maintenance and Power Cost, M&I Pumpers!

SOR John Day Ice Harbor Lower Granite Little Goose Moxz;‘:;tal
Alternatives $ $ $ $ $
SOS1a 0 0 0 0 0
SOS1b ] 0 0 0 0
SOS2c 0 0 0 0 0
S0s2d 0 0 0 0 0
SOS4c 0 0 0 0 0
SOS5b 2,551,750 77,000 177,000 39,000 44,000
SOS5¢ 2,551,750 78,000 178,000 76,000 44,000
SOS6b 2,551,750 40,000 150,000 15,000 21,000
SOSsed 2,551,750 0 150,000 0 0
SOS9a 2,551,750 40,000 150,000 15,000 20,000
SOS9% 0 0 0 0 0
S0OS9¢ 2,551,750 41,000 163,600 20,000 27,000
Prev. Alt. 2,551,750 0 0 0 0
1Values not discounted for plan implementation date.
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CHAPTER 4

ALTERNATIVES AND THEIR IMPACTS

4.1 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
irrigation.

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.
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Table 4-1. SOS Alternative-1
Summary of SOS

S0S 1

Pre-ESA Operation

S0S2 .
Current Operations

S0s 4
Stable Storage Project

SOS 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.

S0S 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 resuit of the 1993 Supple-
mental EIS and Is the no actlon
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 1894-98
Biological Opinion issued by NMFS,
with additional flow aumentation mea-
sures compared to SOS 2¢.

Operation -

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
speclfic 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 flows
to benefit migrations and would
modify the fiood control opera-
tions at Grand Coules.

Actions by Project
LIBBY g3
Normal 1983-1991 storage project Operate on system propomonal draﬂ « Mest specific elevation tar-
operations asinS0OS 1a gets as Indicated by Integrated
Rule Curves (IRCs); IRCs are
St t;@"i Y based on storage content at
: the end of the previous year,
« Minimum project flow 3 kefs + Provide flow augmentation for determination of the appropri-
N . salmon and sturgeon when Jan. to ate year within the critical
o refill targets July forecast is greater than 6.5 MAF  pariod, and runoff forecasts
* Summer draft limit of 5-10 feet - Mest sturgeon flows of 15, 20, and beginning in January
125 lgcfs In' May, June, and July, re- » IRCs sesk to keap reservoir
spectively, in at least 3 out of 10 full (2,459 fest) June-Sept;
years minimum annual elevation
ranges from 2,399 to 2,327
foet, depending on critical year
determination
» Mest 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
KAF = 1.234 million cublc meters MAF = 1.234 billion cublc meters
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SO0S 5

Natural River Operation

Table 4-1. SOS Alternative—1

SO0S 6
Fixed Drawdown

S0S 9 )
Settlement Discussion

SOS § would ald juvenile
salmon by increasing river
velocity. The four lower Snake
River projects would have new
outlets installed, allowing the
reservoirs to be drawn down
to near the original river eleva-
tion. The “natural river”
operation would be done for
4-1/2 months In SOS 5b and
year-round in SOS 5S¢, 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
§0S 2c.

S80S 6 Involves drawing down
lower Snake River projects to
fixed elevations below MOP to
eid 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
MORP for 4 months, and flow
augmentation measures on the
Columbia River portion of the
basin would continue as in
SO0S 2c.

Alternatives

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

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
sefting summer draft limits to
manage negative effects, by
providing flood protection, and
by providing for reasonable
power generation.

RERESRLTGE

Fsnen ]

TRET b
y&m«&s

szmwm

Operate on system propor-
tional draft as in SOS 1a
o “‘%"‘;Sﬁ

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

(N"ah‘
mvws

Operate on sysiem propor-
tional draft s in SOS 1a

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

1 kefs = 28 oms

+ Operate on mlnlmum flow
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 kcfs at Bonner's Ferry
with appropriate ramp up and
ramp down rates

oeaeba

* 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 to elevation 2,435
by end of July to meet fiow

targets
«"M‘:é&w %bss&mgz zw;l

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

1 ft = 0.3048 meter

WMM
O

* Operate on mmimum ﬂow up
to flood contro! rule curves be-
ginning in Jan., except during
flow augmentation period

+ Strive to achieve flood con-
tro! elevations in Dec. in ali
years and by April 15in 75
percent of years

 Provide sturgeon flows of 25
kefs 42 days in June and July

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

« Draft to meet flow targets, to
a minimum end of Aug. eleva-
tion of 2,439 fest, unless
deeper drafts needed to meet
sturgeon flows
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Table 4-1. SOS Alternative-2

Actions by Project
SOS 2 : S0s 4
HUNGRY iR | SR ST
HORSE Normmal 1983—1991 storage project Operate on system proportional draft + Maeet specific elevation tar-
p
operations asinSOS 1a gets as indicated by Integrated
Rule Curves (IRCs}, similar to
operation for Libby
« IRCs seek to keep reservolr
+ No maximum flow restriction from Opersate on system proportional draft full (3,560 feet} June-Sept.;
mid-Oct. to mid-Nov. asin SOS ta minimum annual elevation
« No draft limit; no refill target ranges from 3,520 to 3,450
fest, depending on critical year
ALBENI R ESesmcnee [Rakoesosporane] :
Normal 1983-1991 storage project Operate on system proportional draft ~ Elevation targets established
operations asinSOS 1a for each month, generally
2,056 feet Oct.—March, 2,058
T T P Trmmmmm 10 2,062.5 feet April-May,
R T SEREHEL 5 062.5%eet (full June, 2,060
feot July-Sept. (but higher if
No refill target g:ler:astg gn1 zystem proportional draft runoff high); Oct—March draw-
down to 2,051 feet every 6th
year
KAF = 1.234 million cubic meters MAF = 1.234 billion cubic meters
44 FINAL EIS 1995
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Table 4-1. SOS Alternative-2

S0ss

PR TFOH
>

TS8R

SO0S 6

S0sER

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

L
S R N N

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

TR T Ty
$HATATES

; % 2. A
R AT LT

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

BT M% ST
G vz"%i’!‘% @gé‘zé.%zm’ﬁ.ém

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

§0S9 .

Y

REE -
Oa s
« Operate on minimum flow up
to flood control rule curves
year-round, except during flow
augmentation perlod

Sesebial

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

« Can draft to mest fiow tar-
gets, to a minimum end-of-July
elevation of 3,635 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 perlod

« Strive to achieve flood con-
trol elevations by April 15 in 76
percent of the years

» Draft to meet flow targets, to
aminimum end-of-August el-
avation of 3,540 fest

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

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

QOperate on system propor-
tional draft s in SOS 1a

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

1kecfs = 28 cms

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

R R S R R R TR
H

Pl ad A AT o
Hn SR

Prateriedy

9
ety

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

» Can draft to mest targst
flows, to a minimum end-of-
July elevation of 2,080 feet

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

1 ft = 0.3048 meter

* Operate to flood controtl el-
evations by April 15in S0
percent of the years

« Operate to help mest flow
targets, but do not draft below
full poo! through Aug.

1995

FINAL EIS



4

Irrigation Appendix

Table 4-1. SOS Alternative-3
Actions by Project

GRAND TNt It
COULEE y
. 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:
Rapids in May ¥ « Supplemental releases (In con- 1,288 Sept.-Nov
* Meet minimum elevation of 1,240 junction with upstream projects) to 1,287 Dec.
fest In May provide up to 3 MAF additional
(above Water Budget) flow augmen- 1,270 Jan.
o g | re Rty ; tation in May and June, based on 1,260 Feb.
ioeishshiet ottt i sliding scale for runoff forecasts 1270 Mar
* No refill target of 1,240 fost in May « System fiood control space shifted 1'272 Aor. 15
« Maintain 1,285 feet June-Sept.; from Brownlee, Dworshak ef2 Apr
minimum 1,220 feet rest of year 1,275 Apr. 30
+ No May—June flow target ; 1,280 May
» Contribute, in conjunction with up- 1,288 Jun.-Aug.
stream storage projects, up to 4 MAF = Meset flood control rule curves
for additiona) 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 S0S 4
PRIEST ’vggzw M’
RAPIDS =
. Meet May-June ﬂow targets V Operate as In SOS 1a
+ Maintain minimum flows to mest
Vernita Bar Agreement it
Operate asin SOS 1a
* No May flow target
* Meet Vernita Bar Agreement
1/ Flow targets are wesekly averages with weekend and haliday flows no less than 80 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 to Apri}
KAF = 1.234 million cubic meters MAF = 1.234 billion cubic meters
4-6 FINAL EIS 1995



Irrigation Appendix .

Table 4-1. SOS Alternative-3

- S80S 5

SOS 6

SOS 9

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

Operate on system propor-
tional draft and provide flow
augmentatlon asin SOS 2¢

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

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

* Operate to meet flood control
requirements and Vernita Bar
agreement

* Provide flow augmentation re-
leases to help meet targets at
The Dalles of 220-300 kcfs April
16-June 15, 200 kefs 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 mlnimum 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 foet

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 fest

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

» System flood control shifted
to this project

. Operate to achleve 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 fest

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

Operate es In SOS 1a Operate asin SOS 1a

1kefs =28 cms

Opereate as in SOS 1a

1 ft = 0.3048 meter

1995
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Table 4-1. SOS Alternative-4

Actions by Project
SOS 4
SNAKE LA G e L
RIVER : . BN VI T it Pt SE P Y i
ABOVE Normal 1980—91 operations; no Releasa up to 427 KAF (190 KAF Same as SOS 1a
BROWNLEE Vater Budget flows April 16—June 15; 137 KAF Aug,;
100 KAF Sept.) for flow augmenta-
tion
b ?vrm pressabebby
Same as SOS 1a « Release up to 427 KAF, as In SOS
2¢
* Release additional water obtained
by purchase or other means and
shaped per Reclamation releases
and Brownlee draft requirements;
simulation assumed 927 KAF avail-
able
S0S1 Sos2 - S0S 4
BROWNLEE [N SStn ey [ eeesae Eiiiisosde o
« Draft as needed (up to 110 KAF in Same as SOS 1a except for addi- Same as SOS 1a except
May) for Water Budget, based on tional flow augmemaﬁo‘:, as follows: slightly different flood contro!
target flows of 85 kefs at Lower rule curves
Granite * Draft up to 137 KAF in July, but not

* Operate psr 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

drafting below 2,067 feet; refill from
the Snake River above Brownlee in

August
* Draft up to 100 KAF in Sept.

« Shift system flood control to Grand
Coules

* Provide 9 kcfs or less in November;
1ill project by end of month

» Maintain November monthly aver-
age flow Dacember through April

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

MAF = 1.234 billion cubic meters

4-8 FINAL EIS

1995



Irrigation Appendix

Table 4-1. SOS Alternative—4

S0S 5 SOS 6 SOS 9
i N ““Ef%?"w”i L@Wﬁé‘ G5
Same as SOS 1a Same as SOS 1a Provide up to 1.927 MAF

e
Same as SOS 1a

Same as SOS 1a

through Brownlee for flow aug-
mentation, as determined by
Reclamation

e

AP AR AT VL 1 N

Provide up to 927 KAF through
Brownlee as determined by
Reclamation

B T

Provide up to 927 KAF through
Brownlee as determined by
Reclamation

Provide 427 KAF through
Brownlee for flow augmenta-
tion, as determined by
Reclamation

Same as SOS 4¢

5y ﬁ’g&{%s:égw "M" %gg‘é ,.-Z? 53

>
"
$EI ety TRREELTSS

Same as SOS 4¢

vt m/zihmo
SaSasedny

AT AN .wm

Same as SOS 4¢

1 kefs = 28 cms

r;:wc uan;«:

« 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 contro! to
Grand Coules

S T

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

« Shift system flood control to
Grand Coules

+ Provide an additional 110
KAF In May if elevation is
above 2,068 feet and 110 KAF
inSept. if elevation Is above
2,043.3 fest

Same as SOS Sb

1 ft = 0.3048 meter

SOS PA

USSR RS
Draft to elsvation 2,069 feet in
May, 2,067 feet In July, and
2,059 feet In Sept., passing
inflow after May and July
drafts

1995
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Table 4-1. SOS Alternative-5

Actions by Project

DWORSHAK |iiixitniizi

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

» Provide system flood control stor-
age space

* Mest 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 meters

Same as SOS 12, plus the following
supplemental releases:

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

« Up to 470 KAF above 1.2 kcfs mini-
mum release from June 16 to Aug.
31

* 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 kefs minimum dis-
charge up to flood contro! rule curve,
except when providing flow augmen-
tation (April 10 to July 31)

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

* Provide 470 KAF from June 21 to
July 31 to mest Lower Granite flow
target of 50 kefs

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

N
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

7 ety vz
s ; o5

* Operate to local flood control
rule curve

* No proportlonal draft for
power

« Shift system flood control to
lower Snake projects

* Provide Water Budget flow
augmentation as [n SOS 1a

* Dratft to refill lower Snake
projects If natural inflow Is in-
adequate

Ing spring

« Refill In June or July and
maintain through August

» Draft for power production
during fall

Same as SOS 5b

1kcfs = 28 cms

B e R A T
SR B0S S e
« Remove from proportional
draft for power

« Operate to local flood control
rule curves, with system flood
control! shifted to Grand
Coules

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

+ Operate to meet Lower
Granlte flow targets (at splll-
way crest) of 74 kefs April
18-June 30, 45 kefs July, 32
kefs August

operate to mest flow targets at
Lower Granite ranging from 85
to 140 kefs April 16-June 30
and 50-55 kefs 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 splliway 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

SOS PA

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
flow targets at Lower Granite
of 85 to 100 kefs April 10-June
20 and 50 to 55 kefs June
21-Aug. 31, based on runoff
forecasts

1995
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Table 4-1. SOS Alternative-6

Actions by Project
SQS1 S0S 4
ls-g\lﬂ\llgg SORRER R S SoNAeT
. Normal operatlons at4 |°W5f + Operate reservoirs within 1 foot Same as SOS 2¢
Snake River projects (within3to & above MOP from April 16 to July 31
feet of full pool, daily and weekly
fluctuations) « Same as SOS 1a for rest of year
» Provide maximum peaking capac- —
Rty of 20 kefs over dally average flow SRBL NI e A I R
ty ot i S
Same as SOS 2¢
A S O 1%””“@&&%;
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
LOWER [rmiressm e arns  Ermmmenr e
COLUMBIA : i AL
* Normal operations at 4 lower Same as SOS 1a except: lower John Same as SOS 2c, except op-
Columbia projects (generally within 3 Day to minimum irrigation pool erate John Day within 2 feet of
to 5 feet of full pool, daily and weekly (approx. 262.5 feet) from April 15 to elevation 263.5 feet Nov. 1
fluctuations) Aug. 31; operate within 1.5 fest of through June 30
= Restricted operation of Bonneville Ioreba'{] ';a'.'ge" unlless need to raise
second powerhouse o avold irrigation impacts
L T R R e
Same as 1a, except no restrictions Same as SO0S 2¢
on Bonneville second powerhouse
KAF = 1.234 million cubic meters MAF = 1.234 billion cubic meters
412 FINAL EIS 1995
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Table 4-1. SOS Alternative—6

« Draft 2 fest per day starling

S0S 5 S0Ss SOS PA
CElisesEp ] L SesEh SRS osPARE
* Draft 2 fest per day . Operate 33 feet below full pool (see « Operate at MOP with 1 foot
starting April 1 SOS 6b) April 1-Aug. 31 tomeet L. flexibility between April 10 -

Feb. 18

= Operate at 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
Ice Harbor 343

 Operate within 3 to 5 ft of full
pool rest of year

« Refill from natural flows and
storage releases

&
'.34.4m§"m

AL

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

« 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 5§07
|lce Harbor 407

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

« Refill from natural fiows
and storage releases

+ Same as SOS {arest
of year

TR T

e
i HEOB'RH bt

« Draft Lower Granlte 2
feet per day starting April
1

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

Granite flow targets (see Dworshak);
same as SOS f1arest of year

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

458 pa e Zavn s s Lo xos aE v o
B in0sb. s

* Operate at MOP, with 1 foot flex-
ibility April 1-Aug. 31; same as SOS
1arest of year

« Splli to achieve 80/80 FPE up to
total dissolved gas cap of 120% daily
average; spill caps range from 18
kefs at L Monumental to 30 kefs at
L. Granite

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

« Spill to achleve 80/80 FPE, as in
SOS b

Aug. 31

* Refill three lower Snake
River pools after Aug. 31,
Lower Granite after Nov. 15

« Splil to achieve 80% FPE
up to total dissolved gas cap
of 115% 12-hour average;
spill caps range from 7.5 kefs
at L. Monumental to 25 kefs
at lce Harbor

S0S 5 S0Ss 6

,,;,;,,,%% IR SRR
Ll SOS SR AR i
Samoe as SOS 2, except oper- Same as SOS 5
ate John Day within 1.5 faet
above elsevation 257 feet ‘%mf‘,z: ‘
{MOP) from May 1 through 305 gl
Aug. 31; same as SOS 2c rest Same as SOS 5
of year
s
Same as SOS 5b
1kefs = 28 cms

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

« McNary flow targets as described
for Grand Coules

« Spill to achisve 80/80 FPE, upto
total dissolved gas cap of 120% dally
average, as derived by agencies

B T
« Same as SOS 2, except operate
John Day at minimum Irrigation pool
or 262.5 feet with 1 foot of flexibility
from April 16-Aug. 31

» McNary flow targets as described
for Grand Coulee

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

S0 & PR D AR AR By
Eo%”ﬁ; 4t m?“SGS’»QC@*smzm:sgml

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

1 ft = 0.3048 meter

« Pool operatlons same as
SO0S 2c¢, except operate John
Day at 257 feet (MOP) year-
round, with 3 feet of flexibllity
March-Oct. and § fest of flex-
ibility Nov.-Feb.

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

1995
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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 kefs (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 kcfs (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.

s 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 2¢ (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 m3) in the spring and 470 KAF
(580 million m3) 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 (1994-98 Biological Opinion)
matches the hydro operations contained in the
199498 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-

4-14 FINAL EIS
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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:

s  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:

e« 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.

e SOS Sc (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-

1995
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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:

* 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-Prefoerred 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 summarizes 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. SOS 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 2¢c. 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, 9c, 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 la 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

SOSS Natural River Operation

SOS 5a 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

S0OS1
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 %
SOS 9¢

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

Current Practice

Final Supplemental EIS Operation —
No—Action Alternative

199498 Biolegical 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 lawsuit. 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 anadromous 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.,
Dworswak 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 Jdaho 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.

42 [IMPACTS - FULL SCALE ANALYSIS

A full scale analysis was made for each of the 13
SOR operational options. Monetary impacts for
each alternative are presented in this section.

The impacts on reservoir pumpers who might be
impacted by each option are presented in two parts:
(1) The first part is for irrigation pumping associated
with commercial agriculture termed “commercial
irrigation”; and (2) The second part is for M&I
users, which includes pumpers who utilize reservoir
water for municipal and industrial purposes (M&I),
fish hatcheries, Corps of Engineers pumping for
recreation areas and wildlife habitat, and other uses.

Impacts on commercial irrigators have been identi-
fied for pumpers from reservoirs behind Grand
Coulee, Ice Harbor and John Day dams. Impacts
on M&I users have been identified for reservoirs
behind Ice Harbor, John Day, Lower Granite,
Lower Monumental, and Little Goose dams.

Discounting For Time Of Occurrence

Because SOR alternative strategics have different
implementation dates it was necessary to discount all
values to year 1 of the analysis, or 1995. Monetary
impacts are expressed as annual equivalent values
(present worthed and amortized) at both 7.75 per-
cent (the Federal discount rate) and 3.0 percent.

4.21 Impact of Reservoir Drawdown on
Commercial Irrigation

Impacts of SOR operational options on reservoir
pumpers classified as commercial irrigation was
analyzed for two categories of users: (1) Irrigators
receiving water from Grand Coulee; and (2) Entities
pumping water from the John Day and Ice Harbor
pools.

4.2.1.1 Grand Coulee

Water is pumped from Lake Roosevelt (Coulee) to
Banks Lake by Reclamation for use by irrigators
who belong to irrigation districts served by the
Federally constructed Columbia Basin Project.

As authorized by Congress and through appropriate
contracts with the irrigation districts, Reclamation,
among other provisions, delivers water to the dis-
tricts. The districts pay pumping costs based on
criteria established in the contract. The current
repayment rate (1993) is .95 mills per kwh
($.00095/kwh).

The irrigation pumping requirements at Coulee were
identified for each of the 13 SOR operational
options, which includes the Base Case (SOS1a), the
No Action Alternative (SOS2c), and the Preferred
Alternative. Chapter 3 describes the variables and
measurement standards used to model the pumping
requirement.

It was assumed that modification of the pumping
plant units at Coulee would not be required.

The existing annual irrigation pumping requirement
at Coulee and the repayment cost to pump the water
is approximately 969,000 mwhrs and $920,300 re-
spectively under the Base Case (SOS1a). Table 4—3
shows the annual pumping requirement in mwhrs
and the monetary valuation of that power at the
repayment rate for each of the 13 SOR operational
options.
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Alternative operating strategies have a relatively
minor effect on the irrigation pumping cost at
Coulee. This impact is illustrated in the graph in
Figure 4—-1. The greatest impact occurs under
option SOS9a with an annual pumping cost of
$946,200, an increase of $25,900 over the Base Case.

4.2.1.2 Ice Harbor and John Day

Commercial irrigation has been identified with 13
pumpers irrigating 36,389 acres (14,726 hectares)
from the Ice Harbor pool and 25 pumpers irrigating
139,500 acres (56,455 hectares) from the John Day
pool.

Chapter 3 contains the discussion of the measure-
ment standards and determinants of the increased
pumping cost. Supporting Section A contains addi-
tional information. :

All estimates were discounted for time of plan
implementation to yield an annual equivalent value
at both 7.75 and 3.0 percent.

Proposed reservoir drawdowns on the Ice Harbor
and John Day pools impact the income of irrigators
by increasing the cost to own and operate pumping
plant systems located on or adjacent to the reservoir
pool. Increased cost include the capital cost neces-
sary to modify the pumping plant as well as the
increased annual operation and maintenance cost,
and the increased power cost due to greater lift
requirements (total dynamic head). Exhbit A con-
tains information on pumping plant modification
costs, including operating and power cost, as devel-
oped and furnished by the Corps of Engineers.

Tables 4—4 and 4—5 show estimates of the annual
equivalent increased pumping cost at 7.75 and 3.0
percent for each of the 13 SOR operating options
for the Ice Harbor and John Day pools respectively.
Alternatives are marked with either a “yes” or “no”
to indicate if pump modification and increased
operating cost are required.

Table 4-3. Grand Coulee - Irrigation Pumping Requirement — Annual Equivalent

Pumping Cost

(Irrigation pumping from Lake Roosevelt to Banks Lake)
(Federal Columbia Basin Project)

SOR Annual Megawatt Value of Energy Implementa- Annual Equivalent Value
Study Hours of at Repayment Rate tion
No. Pumping @ $.00095/kwh Date @ 3% @ 7.75%
SOSla 968,701 $ 920,300 1995 920,300 920,300
SOS1b 968,667 920,200 1995 920,200 920,200
SOS2c 959,254 911,300 1995 911,300 911,300
SOS2d. 955,776 908,000 1995 908,000 908,000
SOS4c 939,874 892,900 1995 892,900 892,900
SOS5b 959,279 911,300 2010 911,300 911,300
SOS5c 959,279 911,300 2000 911,300 911,300
SOS6b 959,279 911,300 2005 911,300 911,300
S0OS6d 959,279 911,300 2000 911,300 911,300
SOS9a 995,961 946,200 2005 946,200 946,200
SOS9%b 964,975 916,700 1995 916,700 916,700
SOS9¢ 965,614 917,300 2005 917,300 917,300
Pref. Alt 956,300 908,500 1998 908,500 908,500
1995 FINAL EIS 4-21
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Grand Coulee Irrigation Pumping
From FDR Lake to Banks Lake

960

9240

920+

\Y

200+

Annual Pumping Cost
(Thousands)

a

1a 1b 2d 4¢c Qa 9Sb 9c¢c PA Others
SOR Alternatives

Others = 2¢,
£b, 5S¢, 6b, 8d

Figure 4-1. Grand Coulee Irrigation

Ice Harbor

Impacts on pumpers occur under SOS5b, SOS5c,
SOS6b, SOS9a and SOSYc. The greatest impact
occurs under SOS5c with an annual increase in
pumping cost of approximately $3.1 million, which is
equivalent to $84 per acre.

John Day

Impacts occur under SOS5b, SOS5¢, SOS6b, SOS6d,
SOS89a, SOSYc, and the Preferred Alternative. The
greatest impact occurs under the Preferred Alterna-

tive with an annual increased pumping cost of $1.7
million, which is equivalent to $12 per acre.

4.2.2 Impacts on M&l Water Users — Pumpers

The impact on M&I users directly affected by reser-
voir drawdowns was analyzed in terms of the cost to
modify pumping plants and the associated increased
operating and power cost. These costs allow the
entities to continue pumping from the reservoir
pools, or otherwise operate their facilities, under
reservoir drawdown conditions as identified in the
hydroregs.
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Table 4-4. Ice Harbor Irrigation — Increased Annual Pumping Cost

SOR Acres Pump Annual Equivalent Value
Study Irrigated Modific.ration Implementation @ 3% @ 7.75%

No. Required Date $000 $000
SOS1a 36,389 no 1995 0 0
SOS1b 36,389 no 1995 0 0
SOS2c 36,389 no 1995 0 0
SOS2d 36,389 no 1995 0 0
SOS4c 36,389 no 1995 0 0
SOS5b 36,389 yes 2010 23054 1,443.8
SOS5¢ 36,389 yes 2000 3,164.7 3,0729
SOS6b 36,389 yes 2005 1,3774 1,080.9
SOS6d 36,389 no 2000 0 0
SOS9a 36,389 yes 2005 1,378.1 1,081.3
SOS9% 36,389 no 1995 0 0
SOS9¢ 36,389 yes 2005 1,427.6 1,126.2

Pref, Alt. 36,389 no 1998 0 0

See Exhbit A for derivation annual equivalent values.

Table 4-5. John Day Irrigation — Increased Annual Pumping Cost

SOR Acres Pump Annual Equivalent Value
Study Trrigated Modifi(.tation Implementation @ 3% @ 7.75%

No. Required Date $000 $000
SOS1a 139,500 no 1995 0 0
SOS1b 139,500 no 1995 0 0
SOS2c 139,500 no 1995 0 0
S0S2d 139,500 no 1995 0 0
SOS4c 139,500 no 1995 0 0
SOS5b 139,500 yes 2010 1,013.8 650.7
SOS5¢ 139,500 yes 2000 1,375.0 1,373.0
SOS6b 139,500 yes 2005 1,181.1 945.2 -
SOS6d 139,500 yes 2000 1,375.0 1,3730
SOS9a 139,500 yes 2005 945.9 7484
SOS% 139,500 no 1995 0 0
SO89c 139,500 yes 2005 1,213.2 966.1

Pref. Alt. 139,500 yes 1998 1,540.2 1,663.7

See Exhbit A for derivation annual equivalent values.
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Impacts on M&I pumpers were identified at six
reservoir pools: Lower Granite, Lower Monumen-
tal, Little Goose, Ice Harbor, John Day. Minor
impacts on M&I and small tract irrigation were
identified at Grand Coulee but were not evaluated
further.

Table 4—6 shows the annual unadjusted increase in
pumping cost, the plan implementation dates, and
the increased annual equivalent pumping cost at 7.75
and 3.0 percent. Columns with a zero entry indicate
that pump modification and increase operating cost
was not required under that alternative. Exhbit A
contains additional information pursuant to the
development of data for increased pumping plant
cost.

Impacts on M&I pumpers was identified for SOR
options SOS5b, SOSSc, SOS6b, SOS6d, SOS9a,
SOS9c, and the Preferred Alternative. Increased
annual equivalent pumping cost range from approxi-
mately $2.1 million for SOS5b to $4.7 million for
Preferred Alternative (@ 7.75 percent).

The basic reason the impacts are greatest for the
Preferred Alternative is that the John Day pool is
drawn down year—round rather than for 2 to 4.5
months.

Chapter 5, presents the comparison of alternatives
and the incremental impacts between the alterna-
tives and the Base Case (SOS1a) and the No Action
Alternative (SOS2c).

Table 4-6. Increased Annual Pumping Cost — M&l Pumpers 1/2/3/

Annual Cost of Pump Modification Plus Operation, Maintenance, and Power

SOR Pump Annual Equivalent Value
Study Modification Implementation @ 3% @ 7.75%

No. Required Date $000 $000
SOSla no 1995 0 0
SOS1b no 1995 0 0
SOS2c no 1995 0 0
S082d no 1995 0 0
SO84c no 1995 0 0
SOS5b yes 2010 3,256.9 2,111.0
SOS5¢ yes 2000 4,520.1 4,483.8
SOS6b yes 2005 3,617.3 2,921.6
S0OS6d yes 2000 4,126.2 4,100.5
SOS9a yes 2005 3,616.0 2,920.6
SOS9% no 1995 0 0
SOS9¢ yes 2005 3,662.5 2,957.8

Pref. Alt. yes 1998 42734 4,670.3

E/See Exhbit A for derivation of increased pumping costs.

_2_/Impacts on Grand Coulee M&I pumpers considered insignificant.

3Annual cost includes amortization of pump modification cost, plus increased operation, maintenance,

and pumping power cost.
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CHAPTERS
COMPARISON OF ALTERNATIVES
5.1 OVERVIEW reservoir pumpers affected by SOR strategies with

This chapter presents the comparison of impacts
among alternatives. Accordingly, the incremental
differences or tradeoffs in the monetary value of
impacts between alternatives and the Base Case
(SOS1a) and the No Action Alternative (SOS2c) are
displayed for the Irrigation/M&I analysis. In order
to assist and facilitate decisions regarding operation
of the Federal Columbia River System, the incre-
mental changes or differences between alternatives
is displayed and the more significant impacts dis-
cussed.

5.2 SUMMARY
Annual monetary impacts on irrigation and M&I

drawdown proposals range from no change in pump-
ing cost to $6.3 million with the Preferred Alterna-
tive and to $8.9 million under SOS Sc. Pumping cost
reductions (negative values) reflect those alterna-
tives where pumping cost at Grand Coulee are
reduced over the Base Case (SOS1a) or the No
Action option (SOS2c). Incremental impacts for all
categories of users is represented graphically in
Figure 5—1.

The $6.3 million annual increase in pumping cost
with the Preferred Alternative reflects the year—
round drawdown of John Day, which is significantly
influenced by the increase in costs for John Day
M&I users ($4.67 million) and for John Day irriga-
tion pumpers ($1.66 million).

Increased Annual Pumping Cost All Users
Irrigation and M&l Pumpers

(Millions)

Annual Equiv Costs @7.75 %

1a 1b 2c 2d 4c 5b 5c 6b 6d 9a 9b 9¢ PA
SOR Alternatives

Figure 5-1. Impacts - All Categories
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5.2.1 Commercial Irrigation — Grand Coulee

Analysis of the irrigation pumping requirement at
Grand Coulee indicates that SOR alternative oper-
ating strategies with drawdowns would have a rela-
tively minor effect on pumping. Some alternatives
have a lower irrigation pumping cost than the Base
Case or the No Action Alternative. The incremental
increase in pumping energy from the Base case
(SOS1a) to the alternative with the highest use is
approximately 3 percent —— or from 968,700 mwhs
(SOS1a) to 995,960 mwhrs in (SOS9a). The in-
creased pumping cost would be approximately
$25,900 annually.

Analysis of the hydroregs show alternative SOS9a
drafting FDR Lake to unprecedented levels during
the spring and summer. Consequently, during
certain months of critical water years irrigation
deliveries from Banks Lake may not be fully met.
This is because pumping from FDR Lake to Banks
Lake cannot keep up with peak irrigation demand as
the efficiency of the pumping units decrease as the
level of FDR Lake goes down.

In addition to those months when irrigation demand
cannot be fully met under SOS9a, it should be noted
that during critical water periods the pumping units
are operating for extended periods of time and at
head differentials greater than historical levels. The
amount of increased wear on the pumping units at
these operating levels is unknown and is a concern
to project operators. The loss of farm income from
not meeting full irrigation demand and any increase
operation and maintenance expenses was not eva-
luated for alternative SOS9a.

In summary, with the exception of the above
discussion, the irrigation pumping impacts at Grand
Coulee would be relatively small.

Table 5—2 shows incremental change in the irriga-
tion pumping requirement at Grand Coulee. The
table shows the pumping cost for each option as well
as the incremental change (increase/decrease)
between the option and the Base Case (SOS1a) and
between the option and the No Action option
(SOSZc).

5.2.2 Commercial irrigation — John Day and
lce Harbor

Chapter 4 presented the impact on pumping cost for
the 13 SOR options. Pumping costs are increased
for those options with drawdown. In order to con-
tinue full crop production, pumping plants must be
modified and increased operation and power cost
incurred. These additional costs reduce farm in-
come over options without drawdown.

Increased pumping costs have been discounted for
time of occurrence based on the implementation
dates for the various options. The result is ex-
pressed as an annual equivalent value.

The discounting for time of occurrence can reduce
the values substantially from the unadjusted values
reflecting the time value of money. Impacts when
expressed on an annual equivalent basis tend to
mask the immediate impact on pumpers when a
drawdown is implemented. Entities must finance
the capital investment cost to modify their pumps as
well as to pay the increased annual O&M and power
cost out of current cash flow or retained earnings.
Irrigation pumpers, in particular, can not pass on the
increased cost. Some M&I pumpers could pass on
the cost in the form of increased rates to customers.
These entities tend to have a shorter time horizon
than the 100 year period used in this analysis, as well
as a different debt/capital structure.
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Table 5-1. Comparative Summary — All Users (Irrigation + M&I) Y

Incremental Annual Equivalent Impacts — All Pumpers
Study Between Alternative And:
No. Base Case No Action Alternative
SOS1a SOS2c
$1,000 E’i’ $1,000 _2_/ i/
SOS1a 0 9.0
SOS1b -1 8.9
SOS2c -9.0 . 0
S0OS2d -123 -33
SOS4c ~274 -184
SOS5b 4,196.6 4,205.6
SOS5¢ 8,920.7 8,929.7
SOS6b 4,938.7 4,947.7
SOSed 5,464.5 5,4735
SOS9%a 4,776.2 4,7852
SOS9% -36 54
SOS89%¢ 5,047.1 5,056.1
Pref. Alt. 6,322.2 6,331.2

1/ Includes: (1) Increased pumping cost at Grand Coulee; (2) Increased pumping cost for Ice Harbor and John
Day commercial irrigation pumpers; and (3) Increased pumping cost for M&I users.

2/ Annual equivalent values at 7.75%.

3/ A positive number indicates an increase in pumping cost, a negative number indicates an decrease in pump-
ing cost.
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Table 5-2. Grand Coulee — Incremental Annual Irrigation Pumping Cost

Incremental Pumping Cost
Between Alternative And: 3/
Study Annual Pump Cost No Action
No. @ Repay Rate Base Case Alternative
SOS1a SOS2c
$1,000 V $1,000
SOS1a 920,300 0 9.0
SOS1b 920,200 -1 89
SOS2c 911,300 -9.0 0
SOs2d 908,000 -123 -33
SOS4c 892,900 -274 -18.4
SOS5b 911,300 -9.0 0
SOS5¢ 911,300 -9.0 0
SOS6b 911,300 -9.0 0
SOS6d 911,300 -9.0 0
SOS9a 946,200 259 349
SOS9% 916,700 -3.6 54
SOS9c 917,300 -3.0 6.0
Pref. Alt. 908,500 -11.8 -28

I/ Difference between Alternative Plan and SOS1a.
2 Difference between Alternative Plan and SOS2c.

pumping cost.

A positive number indicates an increase in pumping cost, a negative number indicates a decrease in
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5.2.2.1 Ice Harbor ing cost increases are greater under SOS5¢

Annual pumping cost increases range from $1.1
Five SOR options propose drawdowns of the Ice million under SOS6b, SOS9a, and SOS9c to $3.1
Harbor pool. They are SOS5b, SOS5¢, SOS6b, million under SOS5c. Table 5—3 is a comparison of
S0S9a, and SOS9c. Option SOS5¢ draws down the the increased pumping cost between alternative
Ice Harbor pool 95.7 feet (29.2 meter) during the plans and the Base Case and the No Action Alterna-
pumping season while other alternatives draw down tive. Figure 5—2 graphically illustrates the increased
the pool approximately 32 feet. Accordingly, pump- pumping cost for Ice Harbor.

|ce Harbor - Irrigation

Increased Pumping cost

3.5
R 3
[19)
™
M~ 2.5
®
2% 2
o Qo
2 =
3 =2 156
O" L
N1}
© 14
g No No
é Impact | [Impact
1

50 B  6b 9a 9c PA Others
SOR Alternatives

Figure 5-2. Ice Harbor Irrigation
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Table 5-3. Annual Increase in Pumping Cost - Ice Harbor Irrigation
Incremental Increase in Pumping Cost
Study Between Alternative And: ) _
No. Base Case No Action Alternative
SOS1a SOS2c
$1,000 1/ $1,000 1/

SOS1a 0 0
SOS1b 0 0
SOS2c 0 0
S082d 0 0
SOS84c 0 0
SOS5b 1,443.8 1,443.8
SOS5c 3,072.9 3,072.9
SOS6b 1,080.9 1,080.9
SOS6d 0 0
SOS%a 1,081.3 1,081.3
SOS9% 0 0
SOS89¢ 1,126.2 1,126.2
Pref. Alt 0 0

1" Annual equivalent values at 7.75 percent.
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5.2.2.2 John Day

Seven SOR options propose drawdown of the John
Day pool. These are SOS5b, SOS5¢, SOS6b, SOS6d,
S08S9a, SOS9c and the Preferred Alternative. The
essential difference between options as far as draw-
down is concerned, is the length of the drawdown
during the irrigation season. Drawdown proposals at
John Day result in relatively less monetary impacts
on a per acre basis than at Ice Harbor because the
drawdown is less —— 6.5 feet (2 meters) at John Day
versus up to 95.7 feet (29.2 meters) at Ice Harbor.
However, a greater acreage is irrigated from the

John Day pool, 139,500 acres versus 36,389 acres
(56,455 versus 14,726 hectares) from Ice Harbor.

Drawdowns of the John Day pool result in an in-
crease in pumping cost ranging from $651 thousand
to $1.7 million under the Preferred Alternative, or
$5 to $12 per acre respectively.

The $1.7 million increase under the Preferred Alter-
native reflects the year—round drawdown of John
Day. Table 5—4 is a comparison of the increased
pumping cost between options and the Base Case
and the No Action option. Figure 5—3 illustrates
the increased pumping cost for John Day.

John Day - Irrigation

Increased Pumping cost

1.8

1.6

1.4

1.2

0.8
0.6

0.4

Annual Equiv Cost @7.75 %
(Millions)

0.2

b b&¢ B8b
SOR Alternatives

6d Sa Lo
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Impact
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Figure 5-3. John Day Irrigation
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Table 5-4. Annual Increase in Pumping Cost - John Day Irrigation

Incremental Increase in Pumping Cost
Study Between Alternative And: ) )
No. Base Case No Action Alternative
SOSla SOS2¢c
$1,000 ¥ $1,000

SOSla 0 0
SOS1b 0 0
SOS2¢c 0 0
SOs2d 0 0
SOS4c 0 0
SOS5b 650.7 650.7
SOS5¢ 1,373.0 1,373.0
SOS6b 9452 945.2
SOs6d 1,373.0 1,373.0
SOS9a 748.4 7484
SOS9%b 0 0
SOS9c 966.1 966.1
Pref. Alt 1,663.7 1,663.7

V" Annual equivalent values at 7.75 percent.
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5.2.3 M&l Pumpers

Seven SOR options propose drawdowns of one or all
of the six reservoirs. These are SOS5b, SOS5c,
SOS6b, SOS6d, SOS9a, SOS9Ic, and the Preferred
Alternative,

In addition to commercial irrigation, M&I pumpers
would be impacted by reservoir drawdowns at six
project pools. The reservoirs are those behind
Lower Granite, Lower Monumental, Little Goose,
Ice Harbor, John Day, and Grand Coulee dams.
The impact on these reservoir pumpers was eva-
luated by estimating the pumping plant modification
cost plus the increased annual operation, mainte-
nance, and pumping power cost. These estimates
were presented in chapter 4, Alternatives and Their
Impacts.

Drawdowns at the six reservoirs result in annual
equivalent pumping cost increases (including modifi-
cation) ranging from $2.1 million under SOS5b to
$4.7 million annually under the Preferred Alterna-
tive. The increased pumping cost for the Preferred
Alternative reflects the relatively high modification
and pumping cost for the John Day M&I pumping
stations. Table 5—5 is a comparison of the incre-
mental increases in pumping cost between alterna-
tive plans and the Base Case and the No Action
Alternative. Figure 5—4 illustrates the incremental
increases in annual equivalent pumping cost.

As with irrigation, discounting for time of occur-
rence and expressing the value as an annual
equivalent with a 100 year period of analysis, tends
to mask the immediate impact on individual entities
when a particular drawdown option is implemented.

M&I Users

Increased Pumping cost

Annual Equiv Cost @7.756 %
(Millions)

5b 6¢ 6b

6d Sa Sc¢
SOR Alternatives

PA Others

Figure 5-4. M&lPumpers
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Table 5-5. Increased Annual Equivalent Pumping Cost — M&l Pumpers ¥/

Increase in Pumping Cost
Study Between Alternative And: _ '
No. Base Case No Action Alternative
SOSla SOS2c
$1,000 l/ $1,000 i/

SOS1a 0 0
SOS1b 0 0
S0S2c 0 0
S0OSs2d 0 0
SOS4c 0 0
SOSsb 2,111.1 2,111.1
S0OS5¢ 4,483.8 4,483.8
SOS6b 2,921.6 2,921.6
SOs6d 4,100.5 4,100.5
S0OS9%a 2,920.6 2,920.6
SOS9% 0 0
SOS9¢ 2,957.8 2,957.8
Pref. Alt 4,670.3 4,670.3

1/ Annual cost includes: Amortization of modification cost, increased operation and maintenance, and the
increased pumping cost. Annual equivalent values at 7.75%

E’ Modification of pump facilities for pumpers on Lower Granite, Lower Monumental, Little Goose, Ice

Harbor, and John Day.

5.3 ECONOMIC VIABILITY OF IRRIGATION
AND M&I PUMPING OPERATION UNDER
DRAWDOWN SCENARIOS

Estimates of pump modification cost and the in-
creased operation, maintenance and power costs
were made using the best available information.
Information from engineering consultants with
hands—on knowledge of designing and installing
river pumping systems was utilized in the analysis.

Operation and maintenance costs were increased
over customary engineering rates or charges for the
4 lower Snake reservoirs to reflect the additional
wear on pumps and motors because of the possibility
of increased sedimentation —— both deposited and

in suspension. However, irrigation and M&I pumps
have not historically been operated for extended
periods under drawdown situations. Accordingly,
there is some uncertainty as to the actual long term
impact on pumping operations.

Drawdown proposals, for example, range from
approximately 32 to 95.7 feet at Ice Harbor and 6.5
feet for John Day. In addition to the depth of
drawdown, the length of the pumping season and the
duration of the drawdown also affects pumping cost.
SOR alternatives propose drawdowns of 2.5 months,
4.5 months, and year—round.

The greater the drawdown the greater the increase
in pumping cost — resulting in a decrease in farm
income in the case of commercial irrigation. And, in

5-10 FINAL EIS

1995



Irrigation Appendix

5

the case of an M&I utility, the increase in cost is
added to the rate base and passed on to consumers.

5.3.1 Impact of Drawdown on Economic on
Viability of Irrigation Pumpers ~ Ice
Harbor and John Day

Commercial irrigation would only be affected by
drawdowns at Grand Coulee, Ice Harbor, and John
Day. The impact on irrigators receiving water from
FDR Lake (Coulee) is relatively small and was
presented in Chapter 5.2.1.

Chapter 4 showed 5 of the 13 alternatives for Ice
Harbor with increased pumping cost ranging from
$1.1 million to $3.1 million (SOSS5c). which is equiva-
lent to $30 to $84 per acre. Seven of the 13 alterna-
tives for John Day showed increased pumping cost
ranging from $651 thousand up to $1.7 million for
the Preferred Alternative, which is equivalent to $5
to $12 per acre. John Day has a larger irrigated
acreage and smaller pumping cost increase than Ice
Harbor which results in a significantly lower cost per
acre. To facilitate comparison between categories of
farm inputs, pumping costs are normally expressed
on a per acre or per acre foot basis.

While it could be hypothesized that an annual cost
increase of $5 per acre could be accommodated by
most irrigators over the long run, a pumping cost
increase of $84 per acre is a significant impact to the
viability of individual farming operations. Other
things being equal, the impact on Ice Harbor irriga-
tors is more severe than on John Day irrigators.

As an illustration of the relative significance of the
pumping cost increase under the “worst case” sce-
nario,based on crop enterprise studies for the area,
an $84 per acre cost increase in pumping cost repre-
sents the following percentage of the estimated
variable crop production cost for representative
crops: alfalfa — 33.7%, potatoes — 4.9%, wheat —
45.5%, corn — 23.2%, and apples — 3.7%.

Irrigation pumpers at these reservoirs, like other
farmers, have little capability to pass pumping cost
increases on to consumers. Accordingly, in the
short—run, and in the absence of direct reimburse-
ment from other sources, the increase in pumping

cost could be expected to come from operating
income in the form of a reduced return to operator
labor, management, or capital investment.

In the long—run, irrigation farming, like any enter-

prise, must earn a return sufficient to keep resources
(land, labor, capital, and management) in production
—— compared to returns in alternative investments.

Irrigation Crop Production Criteria

Individual irrigators have varying production cost
and profitability based on differences in their capital
structure (debt—equity relationships), crop produc-
tion cost, cropping, yields, as well as exogenous
variables. As such, there would be a range in varia-
tion as to how individual irrigators would respond to
increased pumping cost.

Production theory indicates that in the short run,
producers must cover variable cost in order to
continue their operations. In the long run, however,
all costs (fixed and variable) must be covered.
Under drawdown situations irrigators must obtain
financing capability to cover short term operating
loans and finance the pump modification cost itself,
and over time continue to replace capital assets,
such as tractors, sprinkler systems. etc.

The following responses, or a combination thereof
could be expected under drawdown situations,
depending on the relative magnitude of the increase
in pumping cost.

a. Continue to operate and accept a lower
return to operator labor, management, and
equity capital. And possibly make internal
changes in the production mix and crop mix
to increase production efficiencies.

b. Sell the irrigated farmland, possibly at a lower
price. In which case the farm value will be
recapitalized at a lower value so that
expected returns equates with costs.

c. Lease out the farm to other operators. which
assumes the new operator has a lower
capitalization structure and/or a higher
operating profit margin.

1995
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d. Consolidate operations with other farmers
with the goal of achieving greater production
efficiencies.

e. Return some or all of farm to dryland farming
or grazing.

Changes in Crop Production Practices

Observation of typical irrigation pumpers on the Ice
Harbor and John Day pool indicate an already high
level of irrigation application technology, capital
investment, and production practices. Also, due to
the nature of the soils in the mid—Columbia area,
crop rotation requirement for potatoes and vegeta-
bles, and above average water delivery cost, the
cropping flexibility is somewhat limited. However,
in the long—run things can change, as evidenced by
the relatively recent introduction of growing hybrid
poplar trees for wood pulp production under irriga-
tion in the mid—Columbia area..

Discussions with agricultural economists in the PNW
and the results of price—elasticity of demand studies
for electricity in the PNW indicate that in the
short—run irrigators would not make significant
changes in cropping or the input mix in response to
increased pumping cost.

It is recognized that in the long—run irrigators may
respond to any increase in production cost, including
pumping cost, by changing their agronomic practices,
cropping patterns, and adopting different technolo-
gies, including water application amounts. These
changes occur over time in an ongoing attempt to
optimize their position on the production function.

This is especially relevant for larger changes in cost
that may trigger or induce changes in the production
mix and cropping pattern. An increase in pumping
costs would be one of the changes that would induce
such changes in the production mix and cropping
patterns. Discussion with agricultural economists in
the PNW confirm that these production mix and
cropping changes will occur faster and to a greater
extent given larger increments of change in produc-
tion cost than for smaller ones. Price elasticity of
demand studies indicate that in the short—run
farmers are relatively unresponsive to external
changes in production cost (elasticity less than 1.0).

In other words, a 10 percent increase in electrical
pumping rates would lead to a less than 10 percent
decrease in the demand for electricity.

A joint study conducted by Northwest Economic
Associates and Washington State University indicate
electricity price elasticities for the short—run of
—.49 as the regional average, and for the long—run
price elasticities varied from .66 to —1.32 with a
weighted regional average of —.81. Both estimates
were made using an econometric model. The study
also estimated price elasticity of demand for electric-
ity by PNW irrigators using a mathematical program-
ming model. The results of the programming model
indicated that the short—run demand for electricity
by irrigators is inelastic (low elasticities). Also, the
elasticities for small price increases (0—33%) are
lower in absolute values than those for large price
increases (34—100%). The elasticity at the lowest
price increase for the region was estimated at —.14,
with state—level elasticities ranging from —.08 for
Washington to —.33 for Montana.

Accordingly, a 95+ foot drawdown at Ice Harbor is
likely to induce a greater change in the production
mix and cropping patterns and in the overall owner-
ship patterns and capital structure of operators than
the 6.5 foot drawdown at John Day, other things
being equal.

The Preferred Alternative proposes a 6.5 foot draw-
down of John Day which impacts irrigation and M&I
pumper from that reservoir. The 4 lower Snake
reservoirs are only drawn down to within the normal
operating range of pumps, —— no pumping cost
impacts were identified. The monetary impacts on
John Day irrigation and M&I pumpers was pres-
ented in chapters 4 and 5. The response of individu-
al irrigation pumpers to pumping cost increases
under the Preferred Alternative depends on the
capital/debt structure and the crop production
efficiency of the individual. And as previously
discussed, the impact on John Day pumpers would
not be as great as on Ice Harbor irrigators under
SOS5¢. Any response by irrigation pumpers to an
increase in pumping cost is played out in a dynamic
environment interacting with other variables like
commodity markets and production cost conditions
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in the PNW, the nation, and indeed in the world
market.

5.4 MITIGATION FOR IMPACTS ON
IRRIGATION AND M&I PUMPERS

As discussed in the above sections, several SOR
alternatives would adversely impact irrigation pump-
ing from reservoir pools behind John Day, Ice
Harbor, and Grand Coulee, and M&I pumping from
John Day and the 4 Jower Snake River projects.
Under the Preferred Alternative, only irrigation and
M&I pumpers on the John Day pool would be
affected.

Methods or ways to avoid or lessen the impact on
irrigation and M&I pumpers is referred to as mitiga-
tion. Irrigation pumpers, in particular, have little or
no opportunity to pass on the increased cost to
customers or other users. Therefore, in reality, the
only way to mitigate is for other entities to assume
the increased cost. Several of the impacted commer-
cial M&I pumpers may be able to pass on the in-
creased cost in the form of rate increases or product
prices. Non commercial M&I pumpers, like the
Corps of Engineers wildlife irrigation systems, and
public parks, would seek additional appropriations.
In which case, the particular state or national tax-
payers assume the cost.

It is not the purpose of this section to recommend
specific mitigation. However, if mitigation is recom-
mended as part of the EIS Record of Decision the
question becomes one of how to externalize or pass
on the increased cost, and who should be required to
participate.

If the increased pumping cost are externalized and
paid for by others, such as system electrical ratepay-
ers or taxpayers, then pump owners are essentially
insulated from the cost increase, and the associated
indirect impacts affecting changes in cropping pat-
terns, irrigation technology, on—farm work force,
etc.

The dynamics and interrelationship of crop produc-
tion costs and cropping patterns, crop practices, and
the farm income position was discussed in Part 5.3.

Of course, in the long—run, exogenous variables can
also effect cropping patterns and practices.

If the pump modification and increased operating
costs are assumed by irrigation pump owners, the
increased production cost could induce changes in
cropping patterns, irrigation technology, on farm
work force, and agrinomic practices in varying
degrees.

5.4.1 Adverse Effects on Irrigation Pumpers

The relative importance and affects of pumping cost
increases (pump modification and pumping) on farm
profitability was discussed in Part 5.3. Adverse
effects for potential mitigation are discussed as
follows.

Grand Coulee (FDR Reservoir)

The irrigation pumping cost differences among SOR
alternative plans is relatively small. In comparison
to the Base Case, irrigation pumping cost under
some alternatives is actually reduced, including the
Preferred Alternative. Accordingly, it is assumed
that mitigation to irrigators is not required.

However, as discussed in section 5.2.1 if a Grand
Coulee operation other than the Preferred Alterna-
tive is implemented, there is concern by project
operators of the operability of the pumping units at
Coulee. Under SOS 9a for example, the pumping
units at Coulee are operated at the head differen-
tials and for extended periods of time. Although
pump modification was not considered necessary,
operators are concerned about the possibility of
increased wear and the ability to meet full irrigation
demand during the peak season of critical water
years is uncertain.

John Day

Presently, there are 139,500 acres irrigated from the
John Day pool. Pumping cost increases for those
SOR alternatives with drawdown range from $5 to
$12 per acre, which is the annual equivalent cost of
pump modification and the increased annual opera-
tion, maintenance, and power cost. The largest
increase in pumping cost is under the Preferred
Alternative with a pumping cost increase of $12 per
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acre on an annual equivalent basis (@7.75 %). It
was assumed that a $12 per acre cost increase would
not, by itself, significantly change cropping patterns
and practices. The more significant and immediate
impact is the initial pump modification investment
required to maintain operability under drawdown
conditions.

Ice Harbor

Presently, there are 35,389 acres irrigated from the
Ice Harbor pool. Pumping cost increases for those
SOR alternatives with drawdown range from $30
to $84 per acre on an annual equivalent basis
(@7.75 %). There is no drawdown of the Ice Har-
bor pool under the Preferred Alternative. With a
$84 per acre cost increase under other alternatives,
several potential changes in irrigation farming
operations may occur, including the possible rever-
sion of some farms to dryland farming. These
scenarios were detailed in Part 5.3.

As the Preferred Alternative does not propose
drawdown of Ice Harbor, irrigation pumpers are not
directly affected.

For both John Day and Ice Harbor, if an alternative
with drawdown is selected, adverse impacts on
irrigation pumpers could be fully avoided by assign-
ing the pump modification cost and the increased
operation, maintenance, and power costs to other
entities. Impacts could be lessened by requiring
other entities to assume the pump modification cost.

5.4.2 Adverse Effect on M&l Pumpers

M&I pumping is by local water systems, golf courses,
fish hatcheries, sand and gravel companies, and
government agencies operating parks and irrigating
wildlife areas. It is assumed that these operations
will continue under drawdown alternatives.

The Preferred Alternative proposes drawdown of
John Day only, and not the four lower Snake River
projects.

Adverse effects on commercial M&I pumpers could
be avoided by assigning the pump modification cost
and increased operation, maintenance, and power
costs to other entities. Adverse impacts on non
commercial M&I pumpers would probably be com-
pensated for by seeking additional appropriations
from local, state, and national governments.
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CHAPTER 6

LIST OF PREPARERS

Irrigation and M&I interests were represented by a
31 member team know as the “Irrigation and M&I
Work Group.” The Work Group included people
with a wide array of experience and interest in
irrigation and M&I water supply. Most of the Work
Group consisted of agricultural economists, irriga-
tion water management and utilization specialists,
and agricultural engineers. The members of the
Irrigation/M&I Work Group are listed in table 6—1.

The appendix was written under direction of the
Irrigation/M&I Work Group Coordinator. Informa-
tion on irrigated acreages, irrigation water diver-
sions, and net irrigation depletions was provided by

the AG Crook Company, under contract with BPA.
Work Group members provided valuable input in
scoping and defining the analysis, formulation, and
screening of irrigation/M&I alternatives, evaluation
of potential irrigation alternatives as possible inclu-
sion into the final SOR alternative operating strate-
gies, scoping and defining the analysis for full scale
analysis of the selected operating strategies, and
technical review of the appendix.

Individuals directly responsible for preparing this
appendix, including those providing major input
and review are shown in table 6—2.

Table 6-1. Members of Irrigation/M&! Work Group

Aillery, Marcel
Economic Research Service
US Dept Agriculture

Brockway, Charles, Dr.
University of Idaho
Research & Extension Center

Cawlfield, Larry

Detering, Stan, RPCB
Bonneville Power Administration

Erickson, Dick

},_g , Tom
Washington State University

Lufkin, Thom
‘Water Resources Dept.
Washington Dept. of Ecology

McDonald, Frank
US Army Corps of Engineers

Miller, Elouise
Columbia River Inter—Tribal
Fish Commission

East Columbia Basin Irrigation Dist Newsom, Michael

Garrison, Karen

Bonneville Power Administration

Natural Resources Defense Council Noyris, Barry

Graham, Dan, Dr.

Johns, Eldon, D—5752
US Bureau of Reclamation

Kaumheimer, Dave
US Fish and Wildlife Service

Kitchin, Debbie
Northwest Power Planning Council

Lawson, Chris E.
Ebasco Eavironmental

Oregon Water Resource Dept.

Powers, Allen
US Bureau of Reclamation

Reiners, Allen
Work Group Coordinator
US Bureau of Reclamation

Robertson, Alan
Idaho Dept. Water Resources

Roush, Eldon

Sarantitis, Barbara
National Marine Fisheries Service

Shank, Bob, PG
Bonneville Power Administration

Tominaga, Lynn
Idaho Water Users Assoc.

Trefry, Stu
Washington Dept. Agriculture

Trimmer, Walter L., Dr.
Oregon State University
Dept. of Agricultural Engineering

Turner, Robert

Washington Department of
Fisheries

Ward Phil Asst. Director
Oregon Dept. of Agriculture

Weber, Edward E.
Oregon Dept. of Agriculture

Westeson, Jerry, Dr.
Montana State University
Civil & Agriculture Engineering

Ziari, Fred
IRZ Consulting
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Table 6-2. List of Preparers and Contributors

Name Education/Years of Experience and Expertise Role In Preparation
Experience
Bonneville Power Administration
Bob Shank B.S. Biology Multipurpose resource planning | Scoping and formulation of
MRP Environmental Science | and evaluation. NEPA inigation altematives.
11 years compliance Appendix scoping and review.
Corps of Engineers
Jim Fredericks B.S. Economics Economic analysis of water Increased pumping costs for
Economist 6 years resources development imgation and M&l pumpers.
projects. Appendix analysis/review.
Appendix wiiting.
Frank McDonald M.S. Industrial Engineering Economic analysis of water Fomulation of inigation
Regional Economist resources development altematives.
Professional Engineer 19 projects.
years
Individual
Dick Erickson Manager, East Columbia Inigation System Management | Inigation data —water use and
Basin L.D., B.S. Agricultural Maintenance and operations. acreages formulation of inigation
Engineering Professional, Public Administration. altematives.
Engineer 19 years
State of ldaho
Dr. Charles Brockway B.S. Civil Engineering Hydrology — Ground-water and | Hydrology — Snake River Basin.
University of Idaho Research | M.S. Civil Engineering surface water systems. Water | Formulation of imigation
and Extensions Ph.D. Water Resource Systerns — design, evaluation, | altematives.
Engineering and management.
31 years
Alan Robettson, IDWR B.S. Hydrology — surface and ground | Hydrology of Imigation.
SupevisorHydrology M.S. Agricultural Engineering | water. [migation. Formulation of inigation
altematives.
US Bureau of Reclamation
Allen Reiners B.S. Agricultural Economics | Economic Justification Analysis | Inigation and M&I Work Group
Economist M.S. Agricultural Economics | — Financial Analysis Repayment | Coordinator
27 years and Contracts Economics Work Group
Appendix preparation and wiiting.
Harold Ward B.S. Agricultural Economics | Economic Justification Analysis | Imigation and M&l Work Group
Economist M.S. Agricultural Economics | — Water Resources Financial Coordinator (retired)
37 years Economics Work Group Appendix
wiiting. Retired December 1992.
Hany Taylor B.S. Civil Engineering Water Operations — Hydrology | Operation Studies Grand Coulee
Engineer 22 years Pumping Requirements
Eldon Johns MS Agricuttural Hydrology Water Rights — Imigation Water Rights, Technical Review
SNAG. Appendix wiiting.
Allen Powers B.S. Natural Resources Water Management Inigation Management. Appendix
Management, M.S. Earth Review.
Science Education
6-2 FINAL EIS 1995




Irrigation Appendix 7

CHAPTER7

REFERENCES

1/“Screening Analysis: A Summary, The Columbia River System”, Columbia River System Operation
Review (SOR) Interagency Team, August 1992.

2Ibid.

3/“Screemng Analysis — Volume 1, Description and Conclusions, Columbia River System Operation
Review, Columbia River System Operation Review (SOR) Interagency Team, August 1992.

#/Source: “1990 Level Modified Streamflow, 1928—1989,” Columbia River and Coastal Basins, Prepared
for Bonneville Power Administration by A.G. Crook Company, April 1993.

5/Note Relift project pumping occurs at various locations on the Columbia Basin project. The alterna-
tive operating strategies would not effect this pumping. A small amount of Columbia Basin Project
water is pumped from the McNary pool near Burbank, Washington site, which would not be affected by
alternative strategies.

f/Impacts at Coulee do not include those associated with a non operating 1,700 acre irrigation project on
Indian reservation land. Land were formerly served by water pump from Coulee (FDR) — upper end of
Teservoir.

«1992 Estimated Cost of Producing Red Delicious Apples in Central Washington” (EB 1720), and
“1992 Enterprise Budgets for Alfalfa Hay, Potatoes, Winter Wheat, Grain Corn, Silage Corn, and Sweet
Corn Under Center Pivot Irrigation, Columbia Basin, Washington” (EB 1667), issued by the Washington
State University, Cooperative Extension Service.

“Feasibility of Irrigation Canal Along The Columbia River in Oregon,” sponsored by John Day Pool
Irrigators, Oregon Economic Development, Bonneville Power Administration, Umatilla Electric Coop-
erative Association, and Pacific Power. Engineering Report by IRZ Consulting & PACAM Engineering,
Inc., Hermiston, Oregon, November 1992.

“John Day Reservoir, Washington Shore, Irrigation Pumping Stations Evaluation,” by Bovay Northwest,
Inc., for Corps of Engineers, Walla Walla District, February 5, 1993.

“Effects of the Columbia River Pool Draw—Down on Selected Pumping Stations in Washington,” spon-
sored by Benton County PUD, Kennewick, Washington. Engineering Report by PACAM Engineering,
Inc., and IRZ Consulting, Hermiston, Oregon, August 1991.

“Effects of the Columbia River Pool Draw—Down on Irrigated Agriculture in Oregon,” sponsored by
Umatilla Electric Cooperative Association, Hermiston, Oregon. Engineering Report by PACAM Engi-
neering, Inc., and IRZ Consulting, Hermiston, Oregon, revision August 1991.

“Columbia River Salmon Mitigation Analysis System Configuration Study, Phase I, Interim Status
Report, Technical Appendix B, John Day Reservoir Minimum Operating Pool,” prepared in response to
Northwest Power Planning Council Columbia River Fish and Wildlife Program, US Army Corps of
Engineers, Portland District November 1992.

1995 FINAL EIS 7-1



Irrigation Appendix

“Investigation of Pumping Facilities, Lower Snake River, 1991,” US Army Corps of Engineers, Walla
Walla District, by Anderson Perry & Associates, Edward Sigurdson, PE, PLS, Consulting Engineers, La
Grande, Oregon, Walla Walla, Washington, and Lewiston, Idaho.

“1992 Estimated Cost of Producing Red Delicious Apples in Central Washington” (EB 1720), issued by
the Washington State University, Cooperative Extension Service.

“1992 Enterprise Budgets for Alfalfa Hay, Potatoes, Winter Wheat, Grain Corn, Silage Corn, and Sweet
Corn Under Center Pivot Irrigation, Columbia Basin, Washington” (EB 1667), issued by the Washington
State University, Cooperative Extension Service.

Salmon Recovery in the Pacific Northwest, A Summary of Agricultural and Other Economic Effects,
U.S. Department of Agriculture, Economic Research Service, Bulletin Number 699, June 1994.

The Role of Electricity in Pacific Northwest Irrigated Agriculture, 1979~1987, Volume 1, February 1989
by Northwest Economic Associated, Submitted to Bonneville Power Administration.

b

Impacts of Energy Cost Increases on Irrigated Land Values, by Norman Whittlesey and Jon Herrel,
Western Journal of Agricultural Economics, Copyright 1987.

Demand Response to Increasing Electricity Prices by Pacific Northwest Irrigated Agriculture, College of
Agriculture Research Center, Bulletin 0897, Washington State University, 1981.
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Irrigation Appendix

TECHNICAL
EXHIBIT A

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

SOS5b

Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

vara | pe | et | Bl [ WZ | Wi | Wbt
$000 @7.75% colcxd @3% colcxf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 0.00 0.439957 0.00 0.722421 0.00
2006 12 0.00 0.408312 0.00 0.701380 0.00
2007 13 0.00 0.378944 0.00 0.680951 0.00
2008 14 0.00 0.351688 0.00 0.661118 0.00
2009 15 0.00 0.326393 0.00 0.641862 0.00
2010 16 30,100.00 0.302917 9,117.80 0.623167 18757.32
2011 17 1,800.00 0.281129 506.03 0.605016 1089.03
2012 18 1,800.00 0.260909 469.64 0.587395 1057.31
2013 19 1,800.00 0.242143 435.86 0.570286 1026.51
2014 20 1,800.00 0.224727 404.51 0.553676 996.62
2015 21 1,800.00 0.208563 37541 0.537549 967.59
2016 22 1,800.00 0.193562 34841 0.521893 939.41
2017 23 1,800.00 0.179640 323.35 0.506692 912.05
2018 24 1,800.00 0.166719 300.09 0.491934 885.48
2019 25 1,800.00 0.154728 278.51 0.477606 859.69
2020 26 1,800.00 0.143599 258.48 0.463695 834.65
1995 FINAL EIS A-1




A

Irrigation Appendix

Table A-1. Annual Equivalent Increased Pumping Cost - Agr. Pumpers - Ice Harbor

— CONT

SOSS5b — CONT

Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
gne:l; :12 P;ge:t Pilnlzl?egs(:a“ Wl(::telsleﬁ“atlct W(})rlt';sflgost WI;:telsleI?;ct W(Fr{;sflgost
$000 @7.75% colcxd @3% colexf
2021 27 1,800.00 0.133270 239.89 0.450189 810.34
2022 28 1,800.00 0.123685 222.63 0.437077 786.74
2023 29 1,800.00 0.114789 206.62 0.424346 763.82
2024 30 1,800.00 0.106532 191.76 0.411987 741.58
2025 31 1,800.00 0.098870 17797 0.399987 719.98
2026 32 1,800.00 0.091759 165.17 0.388337 699.01
2027 33 1,800.00 0.085159 153.29 0.377026 ¢ 678.65
2028 34 1,800.00 0.079034 142.26 0.366045 658.88
2029 35 1,800.00 0.073349 132.03 0.355383 639.69
2030 36 30,100.00 0.068073 2,049.01 0.345032 10385.48
2031 37 1,800.00 0.063177 113.72 0.334983 602.97
2032 38 1,800.00 0.058633 105.54 0.325226 585.41
2033 39 1,800.00 0.054416 97.95 0.315754 568.36
2034 40 1,800.00 0.050502 90.90 0.306557 551.80
2035 41 1,800.00 0.046870 84.37 0.297628 535.73
2036 42 1,800.00 0.043499 78.30 0.288959 520.13
2037 43 1,800.00 0.040370 72.67 0.280543 504.98
2038 44 1,800.00 0.037466 67.44 0.272372 490.27
2039 45 1,800.00 0.034771 62.59 0.264439 475.99
2040 46 1,800.00 0.032270 58.09 0.256737 462.13
2041 47 1,800.00 0.029949 53.91 0.249259 448.67
2042 48 1,800.00 0.027795 50.03 0.241999 435.60
2043 49 1,800.00 0.025796 46.43 0.234950 422.91
2044 50 1,800.00 0.023941 43.09 0.228107 410.59
2045 51 1,800.00 0.022219 39.99 0.221463 398.63
2046 52 1,800.00 0.020621 37.12 0.215013 387.02
2047 53 1,800.00 0.019137 34.45 0.208750 375.75
2048 54 1,800.00 0.017761 31.97 0.202670 364.81
A-2 FINAL EIS 1995



Irrigation Appendix

A

Table A-1. Annual Equivalent Increased Pumping Cost —~ Agr. Pumpers — lce Harbor

- CONT
SOS5b — CONT
Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B Cc D E F G
o or | per | e[ Bt | ey | ot | vkt

$000 @17.75% colcxd @3% colexf
2049 55 1,800.00 0.016484 29.67 0.196767 354.18
2050 56 30,100.00 0.015298 460.47 0.191036 5750.19
2051 57 1,800.00 0.014198 25.56 0.185472 333.85
2052 58 1,800.00 0.013176 23.72 0.180070 324.13
2053 59 1,800.00 0.012229 2201 0.174825 314.69
2054 60 1,800.00 0.011349 2043 0.169733 305.52
2055 61 1,800.00 0.010533 18.96 0.164789 296.62
2056 62 1,800.00 0.009775 17.60 0.159990 287.98
2057 63 1,800.00 0.009072 16.33 0.155330 279.59
2058 64 1,800.00 0.008420 15.16 0.150806 271.45
2059 65 1,800.00 0.007814 14.07 0.146413 263.54
2060 66 1,800.00 0.007252 13.05 0.142149 255.87
2061 67 1,800.00 0.006730 12.11 0.138009 248.42
2062 68 1,800.00 0.006246 11.24 0.133989 241.18
2063 69 1,800.00 0.005797 10.43 0.130086 234.16
2064 70 1,800.00 0.005380 9.68 0.126297 227.34
2065 71 1,800.00 0.004993 8.99 0.122619 220.71
2066 72 1,800.00 0.004634 8.34 0.119047 214.29
2067 73 1,800.00 0.004301 7.74 0.115580 208.04
2068 74 1,800.00 0.003991 7.18 0.112214 201.98
2069 75 1,800.00 0.003704 6.67 0.108945 196.10
2070 76 30,100.00 0.003438 103.48 0.105772 3183.74
207 77 1,800.00 0.003191 5.74 0.102691 184.84
2072 78 1,800.00 0.002961 5.33 0.099700 179.46
2073 79 1,800.00 0.002748 495 0.096796 174.23
2074 80 1,800.00 0.002550 4.59 0.093977 169.16
2075 81 1,800.00 0.002367 4.26 0.091240 164.23
2076 82 1,800.00 0.002197 3.95 0.088582 159.45

1995 FINAL EIS A3
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Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

~ CONT

SOS5b — CONT

Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
.Zne:lgy :lt; P;ge:t Piglclll')egsoeSt WPo;elslell"‘l:lct Wfrlt';s—el(lltost WE:telsxeg;ct W(}’rlt-;sfl(lltost
$000 @7.75% colexd @3% colexf
2077 83 1,800.00 0.002039 3.67 0.086002 154.80
2078 84 1,800.00 0.001892 341 0.083497 150.30
2079 85 1,800.00 0.001756 3.16 0.081065 145.92
2080 86 1,800.00 0.001630 293 0.078704 141.67
2081 87 1,800.00 0.001513 272 0.076412 137.54
2082 88 1,800.00 0.001404 253 0.074186 133.54
2083 89 1,800.00 0.001303 234 0.072026 129.65
2084 90 1,800.00 0.001209 218 0.069928 125.87
2085 91 1,800.00 0.001122 2.02 0.067891 122.20
2086 92 1,800.00 0.001041 1.87 0.065914 118.64
2087 93 1,800.00 0.000966 1.74 0.063994 115.19
2088 94 1,800.00 0.000897 1.61 0.062130 111.83
2089 95 1,800.00 0.000832 1.50 0.060320 108.58
2090 96 30,100.00 0.000773 23.25 0.058563 1762.76
2091 97 1,800.00 0.000717 1.29 0.056858 102.34
2092 98 1,800.00 0.000665 1.20 0.055202 99.36
2093 99 1,800.00 0.000618 111 0.053594 96.47
2094 100 1,800.00 0.000573 1.03 0.052033 93.66
Sum of PW 18,618.54 Sum of PW 72,846.80
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 1,443.765 An. Equiv = 2,305.358
A-4 FINAL EIS 1995
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Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

- CONT
SOSsc

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

Jearof | Projet | FRURCE | wornTuer | WoroCost | WorhBact | Worih-Cost
$000 @7.75% colexd @3% colcxf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 30,138.00 0.638993 19,257.98 0.837484 25240.10
2001 7 1,838.00 0.593033 1,090.00 0.813092 1494.46
2002 8 1,838.00 0.550379 1,011.60 0.789409 1450.93
2003 9 1,838.00 0.510792 938.84 0.766417 1408.67
2004 10 1,838.00 0.474053 87131 0.744094 1367.64
2005 11 1,838.00 0.439957 808.64 0.722421 1327.81
2006 12 1,838.00 0.408312 750.48 0.701380 1289.14
2007 13 1,838.00 0.378944 696.50 0.680951 1251.59
2008 14 1,838.00 0.351688 646.40 0.661118 1215.13
2009 15 1,838.00 0.326393 599.91 0.641862 1179.74
2010 16 1,838.00 0.302917 556.76 0.623167 1145.38
2011 17 1,838.00 0.281129 516.72 0.605016 1112.02
2012 18 1,838.00 0.260909 479.55 0.587395 1079.63
2013 19 1,838.00 0.242143 445.06 0.570286 1048.19
2014 20 1,838.00 0.224727 413.05 0.553676 1017.66
2015 21 1,838.00 0.208563 383.34 0.537549 988.02
2016 22 1,838.00 0.193562 355.77 0.521893 959.24
2017 23 1,838.00 0.179640 330.18 0.506692 931.30
2018 24 1,838.00 0.166719 306.43 0.491934 904.17
2019 25 1,838.00 0.154728 284.39 0.477606 877.84
2020 26 30,138.00 0.143599 4,327.78 0.463695 13974.83
2021 27 1,838.00 0.133270 244.95 0.450189 827.45
2022 28 1,838.00 0.123685 22733 0.437077 803.35
1995 FINAL EIS A-5
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Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

- CONT

SOS5c — CONT

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
Yoot | g | FampCost | Preent [ puent | B T b
$000 @17.75% colcxd @3% colexf
2023 29 1,838.00 0.114789 210.98 0.424346 779.95
2024 30 1,838.00 0.106532 195.81 0.411987 757.23
2025 31 1,838.00 0.098870 181.72 0.399987 735.18
2026 32 1,838.00 0.091759 168.65 0.388337 713.76
2027 33 1,838.00 0.085159 156.52 0.377026 692.97
2028 34 1,838.00 0.079034 145.26 0.366045 672.79
2029 35 1,838.00 0.073349 134.82 0.355383 653.19
2030 36 1,838.00 0.068073 125.12 0.345032 634.17
2031 37 1,838.00 0.063177 116.12 0.334983 615.70
2032 38 1,838.00 0.058633 107.77 0.325226 597.77
2033 39 1,838.00 0.054416 100.02 0.315754 580.36
2034 40 1,838.00 0.050502 92.82 0.306557 563.45
2035 41 1,838.00 0.046870 86.15 0.297628 547.04
2036 42 1,838.00 0.043499 79.95 0.288959 531.11
2037 43 1,838.00 0.040370 74.20 0.280543 515.64
2038 44 1,838.00 0.037466 68.86 0.272372 500.62
2039 45 1,838.00 0.034771 63.91 0.264439 486.04
2040 46 30,138.00 0.032270 972.57 0.256737 7737.53
2041 47 1,838.00 0.029949 55.05 0.249259 458.14
2042 48 1,838.00 0.027795 51.09 0.241999 44479
2043 49 1,838.00 0.025796 47.41 0.234950 431.84
2044 50 1,838.00 0.023941 44.00 0.228107 419.26
2045 51 1,838.00 0.022219 40.84 0.221463 407.05
2046 52 1,838.00 0.020621 37.90 0.215013 395.19
2047 53 1,838.00 0.019137 35.17 0.208750 383.68
2048 54 1,838.00 0.017761 32.64 0.202670 37251
2049 55 1,838.00 0.016484 30.30 0.196767 361.66
2050 56 1,838.00 0.015298 28.12 0.191036 351.12
A6 FINAL EIS 1995
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Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

— CONT
SOSSc — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B Cc D E F G
I: :l;:ii; P;ge:t Pilnn;tl')egsoes ' ch:;tels\ell?l;ct Wfrisflgost Wzrrgell«‘lztlct W:)rlt.;sflgost

$000 @7.75% colexd @3% colcxf
2051 57 1,838.00 0.014198 26.10 0.185472 340.90
2052 58 1,838.00 0.013176 2422 0.180070 330.97
2053 59 1,838.00 0.012229 22.48 0.174825 321.33
2054 60 1,838.00 0.011349 20.86 0.169733 311.97
2055 61 1,838.00 0.010533 19.36 0.164789 302.88
2056 62 1,838.00 0.009775 17.97 0.159990 294.06
2057 63 1,838.00 0.009072 16.67 0.155330 28550
2058 64 1,838.00 0.008420 15.48 0.150806 277.18
2059 65 1,838.00 0.007814 14.36 0.146413 269.11
2060 66 30,138.00 0.007252 218.56 0.142149 4284.08
2061 67 1,838.00 0.006730 12.37 0.138009 253.66
2062 68 1,838.00 0.006246 11.48 0.133989 246.27
2063 69 1,838.00 0.005797 10.65 0.130086 239.10
2064 70 1,838.00 0.005380 9.89 0.126297 232.13
2065 71 1,838.00 0.004993 9.18 0.122619 22537
2066 72 1,838.00 0.004634 852 0.119047 218.81
2067 73 1,838.00 0.004301 7.90 0.115580 21244
2068 74 1,838.00 0.003991 734 0.112214 206.25
2069 . 75 1,838.00 0.003704 6.81 0.108945 200.24
2070 76 1,838.00 0.003438 6.32 0.105772 194.41
2071 77 1,838.00 0.003191 5.86 0.102691 188.75
2072 78 1,838.00 0.002961 544 0.099700 183.25
2073 79 1,838.00 0.002748 5.05 0.096796 177.91
2074 80 1,838.00 0.002550 4.69 0.093977 172.73
2075 81 1,838.00 0.002367 435 0.091240 167.70
2076 82 1,838.00 0.002197 4.04 0.088582 162.81
2077 83 1,838.00 0.002039 3.75 0.086002 158.07
2078 84 1,838.00 0.001892 3.48 0.083497 153.47

1995 FINAL EIS A-7
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Table A-1. Annual Equivalent Increased Pumping Cost - Agr. Pumpers - Ice Harbor

- CONT
SOS5¢ — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
yerar | et | Pt | Pt ] e Tt | et
$000 @7.75% colexd @3% colexf
2079 85 1,838.00 0.001756 3.23 0.081065 149.00
2080 86 30,138.00 0.001630 49.12 0.078704 2371.99
2081 87 1,838.00 0.001513 2.78 0.076412 14045
2082 88 1,838.00 0.001404 2.58 0.074186 136.35
2083 89 1,838.00 0.001303 2.39 0.072026 132.38
2084 90 1,838.00 0.001209 222 0.069928 128.53
2085 91 1,838.00 0.001122 2.06 0.067891 124.78
2086 92 1,838.00 0.001041 191 0.065914 121.15
2087 93 1,838.00 0.000966 1.78 0.063994 117.62
2088 94 1,838.00 0.000897 1.65 0.062130 114.19
2089 95 1,838.00 0.000832 153 0.060320 110.87
2090 96 1,838.00 0.000773 142 0.058563 107.64
2091 97 1,838.00 0.000717 132 0.056858 104.50
2092 98 1,838.00 0.000665 122 0.055202 101.46
2093 99 1,838.00 0.000618 1.14 0.053594 98.51
2094 100 1,838.00 0.000573 1.05 0.052033 95.64
Sum of PW 39,627.29 Sum of PW 100,000.44
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 3,072.876 An. Equiv = 3,164.680
A-8 FINAL EIS 1995
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Table A-1. Annual Equivalent Increased Pumping Cost - Agr. Pumpers — Ilce Harbor

~ CONT
SOS6b

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

I: :l;:ig P{{ge:t Pill?cix?efs?t WPo;telslelI?l;ct W(f,rlt.gs fl(litost W?);elslell"‘atlct Wféﬁflgost
: $000 @17.75% colexd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 15,889.00 0.439957 6,990.47 0.722421 11478.55
2006 12 889.00 0.408312 362.99 0.701380 623.53
2007 13 889.00 0.378944 336.88 0.680951 605.37
2008 14 889.00 0.351688 312.65 0.661118 587.73
2009 15 889.00 0.326393 290.16 0.641862 570.62
2010 16 889.00 0.302917 269.29 0.623167 554.00
2011 17 889.00 0.281129 249.92 0.605016 537.86
2012 18 889.00 0.260909 23195 0.587395 522.19
2013 19 889.00 0.242143 21527 0.570286 506.98
2014 20 889.00 0.224727 199.78 0.553676 49222
2015 21 889.00 0.208563 185.41 0.537549 477.88
2016 22 889.00 0.193562 172.08 0.521893 463.96
2017 23 889.00 0.179640 159.70 0.506692 450.45
2018 24 889.00 0.166719 148.21 0.491934 437.33
2019 25 889.00 0.154728 137.55 0.477606 424.59
2020 26 889.00 0.143599 127.66 0.463695 41222
2021 27 889.00 0.133270 118.48 0.450189 400.22
2022 28 889.00 0.123685 109.96 0.437077 388.56
1995 FINAL EIS A-9
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Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

~ CONT
SOS6b — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
ety | et Mckease. | WorthRact | WorhoCost | Worth Bact | WortheCost

$000 @7.75% colexd @3% colexf
2023 29 889.00 0.114789 102.05 0.424346 37724
2024 30 889.00 0.106532 94.71 0.411987 366.26
2025 31 15,889.00 0.098870 1,570.94 0.399987 6355.40
2026 32 889.00 0.091759 81.57 0.388337 345.23
2027 33 889.00 0.085159 75.71 0.377026 335.18
2028 34 889.00 0.079034 70.26 0.366045 32541
2029 35 889.00 0.073349 65.21 0.355383 31594
2030 36 889.00 0.068073 60.52 0.345032 306.73
2031 37 889.00 0.063177 56.16 0.334983 297.80
2032 38 889.00 0.058633 5212 0.325226 289.13
2033 39 889.00 0.054416 48.38 0.315754 280.70
2034 40 889.00 0.050502 44.90 0.306557 27253
2035 41 889.00 0.046870 41.67 0.297628 264.59
2036 42 889.00 0.043499 38.67 0.288959 256.88
2037 43 889.00 0.040370 35.89 0.280543 249.40
2038 44 889.00 0.037466 3331 0.272372 242.14
2039 45 889.00 0.034771 30.91 0.264439 235.09
2040 46 889.00 0.032270 28.69 0.256737 22824
2041 47 889.00 0.029949 26.63 0.249259 221.59
2042 48 889.00 0.027795 24.71 0.241999 215.14
2043 49 889.00 0.025796 22.93 0.234950 208.87
2044 50 889.00 0.023941 21.28 0.228107 202.79
2045 51 15,889.00 0.022219 353.03 0.221463 3518.83
2046 52 889.00 0.020621 18.33 0.215013 191.15
2047 53 889.00 0.019137 17.01 0.208750 185.58
2048 54 889.00 0.017761 15.79 0.202670 180.17
2049 55 889.00 0.016484 14.65 0.196767 174.93
2050 56 889.00 0.015298 13.60 0.191036 169.83

A-10 FINAL EIS 1995
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Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers -~ Ice Harbor

~ CONT
SOS6b — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B Cc D E F G
gne:l; :lt; P{{ge:t Pi!:c]x[')egsoes': WP;;telsleI:‘latlct Wfrlt.;sfl(ll‘tost Wlo:;telsleg;ct Wfrlt‘;s fl(13tost
$000 @17.75% colexd @3% colexf
2051 57 889.00 0.014198 12.62 0.185472 164.88
2052 58 889.00 0.013176 11.71 0.180070 160.08
2053 59 889.00 0.012229 10.87 0.174825 155.42
2054 60 889.00 0.011349 10.09 0.169733 150.89
2055 61 889.00 0.010533 9.36 0.164789 146.50
2056 62 889.00 0.009775 8.69 0.159990 142.23
2057 63 889.00 0.009072 8.07 0.155330 138.09
2058 64 889.00 0.008420 7.49 0.150806 134.07
2059 65 889.00 0.007814 6.95 0.146413 130.16
2060 66 889.00 0.007252 6.45 0.142149 126.37
2061 67 889.00 0.006730 5.98 0.138009 122.69
2062 68 889.00 0.006246 5.55 0.133989 119.12
2063 69 889.00 0.005797 5.15 0.130086 115.65
2064 70 889.00 0.005380 4.78 0.126297 112.28
2065 71 15,889.00 0.004993 79.34 0.122619 1948.29
2066 72 889.00 0.004634 4.12 0.119047 105.83
2067 73 889.00 0.004301 3.82 0.115580 102.75
2068 74 889.00 0.003991 3.55 0.112214 99.76
2069 75 889.00 0.003704 329 0.108945 96.85
2070 76 889.00 0.003438 3.06 0.105772 94.03
2071 77 889.00 0.003191 2.84 0.102691 91.29
2072 78 889.00 0.002961 2.63 0.099700 88.63
2073 79 889.00 0.002748 244 0.096796 86.05
2074 80 889.00 0.002550 227 0.093977 83.55
2075 81 889.00 0.002367 2.10 0.091240 81.11
2076 82 889.00 0.002197 1.95 0.088582 78.75
2077 83 889.00 0.002039 1.81 0.086002 76.46
2078 84 889.00 0.001892 1.68 0.083497 74.23
1995 FINAL EIS A-11




A

Irrigation Appendix

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

- CONT
SOS6b — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l; :ll; P;g,;e;ct Pilnn;l?egs:? ' Wlt:;telslelti“:lct Wfr:;s—e'(lltost WI;:telsleI‘?l;ct Wfr;le)sflgost
$oo00 @7.75% colcxd @3% colexf
2079 85 889.00 0.001756 1.56 0.081065 7207
2080 86 889.00 0.001630 145 0.078704 69.97
2081 87 889.00 0.001513 134 0.076412 67.93
2082 88 889.00 0.001404 1.25 0.074186 65.95
2083 89 889.00 0.001303 1.16 0.072026 64.03
2084 90 889.00 0.001209 1.07 0.069928 62.17
2085 91 15,889.00 0.001122 17.83 0.067891 1078.72
2086 92 889.00 0.001041 0.93 0.065914 58.60
2087 93 889.00 0.000966 0.86 0.063994 56.89
2088 94 889.00 0.000897 0.80 0.062130 55.23
2089 95 889.00 0.000832 0.74 0.060320 53.62
2090 96 889.00 0.000773 0.69 0.058563 52.06
2091 97 889.00 0.000717 0.64 0.056858 50.55
2092 98 889.00 0.000665 0.59 0.055202 49.07
2093 99 889.00 0.000618 0.55 0.053594 47.64
2094 100 889.00 0.000573 0.51 0.052033 46.26
Sum of PW 13,938.68 Sum of PW 43,523.80
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 1,080.868 An. Equiv = 1,377.383
A-12 FINAL EIS 1995



Irrigation Appendix

A

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

— CONT
S0S9a

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

vt | pe | Tt [ Bt | e e | et
$000 @7.75% colcxd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 15,890.00 0.439957 6,990.91 0.722421 11479.27
2006 12 890.00 0.408312 363.40 0.701380 624.23
2007 13 890.00 0.378944 337.26 0.680951 606.05
2008 14 890.00 0.351688 313.00 0.661118 588.39
2009 15 890.00 0.326393 290.49 0.641862 571.26
2010 16 890.00 0.302917 269.60 0.623167 554.62
2011 17 890.00 0.281129 250.21 0.605016 538.46
2012 18 890.00 0.260909 23221 0.587395 522.78
2013 19 890.00 0.242143 215.51 0.570286 507.55
2014 20 890.00 0.224727 200.01 0.553676 492.77
2015 21 890.00 0.208563 185.62 0.537549 478.42
2016 22 890.00 0.193562 17227 0.521893 464.48
2017 23 890.00 0.179640 159.88 0.506692 450.96
2018 24 890.00 0.166719 148.38 0.491934 437.82
2019 25 890.00 0.154728 137.71 0.477606 425.07
2020 26 890.00 0.143599 127.80 0.463695 412.69
2021 27 890.00 0.133270 118.61 0.450189 400.67
2022 28 890.00 0.123685 110.08 0.437077 389.00
1995 FINAL EIS A-13



A

Irrigation Appendix

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — Ice Harbor

— CONT
SOS9%a — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l;' :12 P;ge:t Pﬁ:lél?egsoe“ Wlt:;telslelz“;ct W«frlt.?fl(ll‘tost Wl;:telslelx?‘;ct Wfrlt‘lelsfl(‘ltost

$000 @17.75% colcxd @3% colcxf
2023 29 890.00 0.114789 102.16 0.424346 371.67
2024 30 890.00 0.106532 94.81 0.411987 366.67
2025 31 15,890.00 0.098870 1,571.04 0.399987 6355.80
2026 32 890.00 0.091759 81.67 0.388337 345.62
2027 33 890.00 0.085159 75.79 0.377026 33555
2028 34 890.00 0.079034 70.34 0.366045 325.78
2029 35 890.00 0.073349 65.28 0.355383 316.29
2030 36 890.00 0.068073 60.59 0.345032 307.08
2031 37 890.00 0.063177 56.23 0.334983 298.13
2032 38 890.00 0.058633 52.18 0.325226 289.45
2033 39 890.00 0.054416 4843 0.315754 281.02
2034 40 890.00 0.050502 4495 0.306557 272.84
2035 41 890.00 0.046870 41.71 0.297628 264.89
2036 42 890.00 0.043499 38.71 0.288959 25717
2037 43 890.00 0.040370 35.93 0.280543 249.68
2038 44 890.00 0.037466 33.34 0.272372 24241
2039 45 890.00 0.034771 30.95 0.264439 235.35
2040 46 890.00 0.032270 28.72 0.256737 22850
2041 47 890.00 0.029949 26.65 0.249259 221.84
2042 48 890.00 0.027795 24.74 0.241999 215.38
2043 49 890.00 0.025796 22.96 0.234950 209.11
2044 50 890.00 0.023941 2131 0.228107 203.02
2045 51 15,890.00 0.022219 353.06 0.221463 3519.05
2046 52 890.00 0.020621 18.35 0.215013 191.36
2047 53 890.00 0.019137 17.03 0.208750 185.79
2048 54 890.00 0.017761 15.81 0.202670 180.38
2049 55 890.00 0.016484 14.67 0.196767 175.12

A-14 FINAL EIS 1995



Irrigation Appendix

A

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

-~ CONT

S0S9a — CONT

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
Yot | me | TGt | preen | bt | B | Bt
$000 @7.75% colecxd @3% colexf
2050 56 890.00 0.015298 13.62 0.191036 170.02
2051 57 890.00 0.014198 12.64 0.185472 165.07
2052 58 890.00 0.013176 11.73 0.180070 160.26
2053 59 890.00 0.012229 10.88 0.174825 155.59
2054 60 890.00 0.011349 10.10 0.169733 151.06
2055 61 890.00 0.010533 9.37 0.164789 146.66
2056 62 890.00 0.009775 8.70 0.159990 142.39
2057 63 890.00 0.009072 8.07 0.155330 138.24
2058 64 890.00 0.008420 7.49 0.150806 134.22
2059 65 890.00 0.007814 6.95 0.146413 130.31
2060 66 890.00 0.007252 6.45 0.142149 126.51
2061 67 890.00 0.006730 5.99 0.138009 122.83
2062 68 890.00 0.006246 5.56 0.133989 119.25
2063 69 890.00 0.005797 5.16 0.130086 115.78
2064 70 890.00 0.005380 4.79 0.126297 112.40
2065 71 15,890.00 0.004993 79.34 0.122619 1948.41
2066 72 890.00 0.004634 412 0.119047 105.95
2067 73 890.00 0.004301 3.83 0.115580 102.87
2068 74 890.00 0.003991 3.55 0.112214 99.87
2069 75 890.00 0.003704 3.30 0.108945 96.96
2070 76 890.00 0.003438 3.06 0.105772 94.14
2071 77 890.00 0.003191 2.84 0.102691 91.40
2072 78 890.00 0.002961 2.64 0.099700 88.73
2073 79 890.00 0.002748 245 0.096796 86.15
2074 80 890.00 0.002550 2.27 0.093977 83.64
2075 81 890.00 0.002367 211 0.091240 81.20
2076 82 890.00 0.002197 1.96 0.088582 78.84
1995 FINAL EIS A-15



A

Irrigation Appendix

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — Ice Harbor

- CONT
SOS9a — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
g{: :l;:ii P;zierct Pﬁ:l;?egs:ft Wr;::telslel?;ct W(})rlt.:ls—el(lltost WP;:'telsleIl?l;ct Wfé;sf‘gost
$000 @17.75% colexd @3% colexf
2077 83 890.00 0.002039 1.81 0.086002 76.54
2078 84 890.00 0.001892 1.68 0.083497 74.31
2079 85 890.00 0.001756 1.56 0.081065 72.15
2080 86 890.00 0.001630 1.45 0.078704 70.05
2081 87 890.00 0.001513 135 0.076412 68.01
2082 88 890.00 0.001404 125 0.074186 66.03
2083 89 890.00 0.001303 1.16 0.072026 64.10
2084 90 890.00 0.001209 1.08 0.069928 62.24
2085 91 15,890.00 0.001122 17.83 0.067891 1078.79
2086 92 890.00 0.001041 0.93 0.065914 58.66
2087 93 890.00 0.000966 0.86 0.063994 56.95
2088 94 890.00 0.000897 0.80 0.062130 55.30
2089 95 890.00 0.000832 0.74 0.060320 53.69
2090 96 890.00 0.000773 0.69 0.058563 52.12
2091 97 890.00 0.000717 0.64 0.056858 50.60
2092 98 890.00 0.000665 0.59 0.055202 49.13
2093 99 890.00 0.000618 0.55 0.053594 47.70
2094 100 890.00 0.000573 0.51 0.052033 46.31
Sum of PW 13,944.79 Sum of PW 43,546.87
100 yr Amtz @7.75 0.07754444 Amtz @3 % 0.03164667
An. Equiv = 1,081.341 An. Equiv = 1,378.113
A-16 FINAL EIS 1995



Irrigation Appendix

A

Table A~1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - lce Harbor

- CONT
SOS9c

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

2{: :l; ;)é P{{g';e:t 'Pill?;gegsoeﬂ WI(:;telsleIl?l;ct Wfr:flsf‘gost WI;rrtelsleIlT‘;ct W(frlt-?ls—el(“,tost
$000 @7.75% colcxd @3% colcxf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 16,910.00 0.439957 7,439.67 0.722421 12216.14
2006 12 890.00 0.408312 363.40 0.701380 624.23
2007 13 890.00 0.378944 337.26 0.680951 606.05
2008 14 890.00 0.351688 313.00 0.661118 588.39
2009 15 890.00 0.326393 290.49 0.641862 571.26
2010 16 890.00 0.302917 269.60 0.623167 554.62
2011 17 890.00 0.281129 250.21 0.605016 538.46
2012 18 890.00 0.260909 23221 0.587395 522.78
2013 19 890.00 0.242143 21551 0.570286 507.55
2014 20 890.00 0.224727 200.01 0.553676 492.77
2015 21 890.00 0.208563 185.62 0.537549 478.42
2016 22 890.00 0.193562 17227 0.521893 464.48
2017 23 890.00 0.179640 159.88 0.506692 450.96
2018 24 890.00 0.166719 148.38 0.491934 437.82
2019 25 890.00 0.154728 137.71 0.477606 425.07
2020 26 890.00 0.143599 127.80 0.463695 412.69
2021 27 890.00 0.133270 118.61 0.450189 400.67
1995 FINAL EIS A-17



A

Irrigation Appendix

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

— CONT
SOS9c — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
doarot | proee | ot | et ] et 1 it | woneo

$000 @17.75% colexd @3% colexf
2022 28 890.00 0.123685 110.08 0.437077 389.00
2023 29 890.00 0.114789 102.16 0.424346 377.67
2024 30 890.00 0.106532 94.81 0.411987 366.67
2025 31 16,910.00 0.098870 1,671.89 0.399987 6763.78
2026 32 890.00 0.091759 81.67 0.388337 345.62
2027 33 890.00 0.085159 75.79 0.377026 335.55
2028 34 890.00 0.079034 70.34 0.366045 325.78
2029 35 890.00 0.073349 65.28 0.355383 316.29
2030 36 890.00 0.068073 60.59 0.345032 307.08
2031 37 890.00 0.063177 56.23 0.334983 298.13
2032 38 890.00 0.058633 52.18 0.325226 289.45
2033 39 890.00 0.054416 4843 0.315754 281.02
2034 40 890.00 0.050502 44.95 0.306557 272.84
2035 41 890.00 0.046870 41.71 0.297628 264.89
2036 42 890.00 0.043499 38.71 0.288959 257.17
2037 43 890.00 0.040370 35.93 0.280543 249.68
2038 44 890.00 0.037466 3334 0.272372 24241
2039 45 890.00 0.034771 30.95 0.264439 235.35
2040 46 890.00 0.032270 28.72 0.256737 228.50
2041 47 890.00 0.029949 26.65 0.249259 221.84
2042 48 850.00 0.027795 24.74 0.241999 215.38
2043 49 890.00 0.025796 22.96 0.234950 209.11
2044 50 890.00 0.023941 21.31 0.228107 203.02
2045 51 16,910.00 0.022219 375.72 0.221463 3744.94
2046 52 890.00 0.020621 18.35 0.215013 191.36
2047 53 890.00 0.019137 17.03 0.208750 185.79
2048 54 890.00 0.017761 15.81 0.202670 180.38

A-18 FINAL EIS 1995



Irrigation Appendix

A

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - Ice Harbor

- CONT
SOS9c — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
X: :ll;, :lt; P{%Le:t Pill?clxl')egs(:ft WI;:telsleI!?l;ct Wfrlt.:\sfl(ll‘tost Wrt;:'teislell«‘l ;ct W(?rlt?flgost
$000 @17.75% colexd @3% colexf
2049 55 890.00 0.016484 14.67 0.196767 175.12
2050 56 890.00 0.015298 13.62 0.191036 170.02
2051 57 890.00 0.014198 12.64 0.185472 165.07
2052 58 890.00 0.013176 11.73 0.180070 160.26
2053 59 890.00 0.012229 10.88 0.174825 155.59
2054 60 890.00 0.011349 10.10 0.169733 151.06
2055 61 890.00 0.010533 9.37 0.164789 146.66
2056 62 890.00 0.009775 8.70 0.159990 142.39
2057 63 890.00 0.009072 8.07 0.155330 138.24
2058 64 850.00 0.008420 7.49 0.150806 134.22
2059 65 890.00 0.007814 6.95 0.146413 130.31
2060 66 890.00 0.007252 6.45 0.142149 126.51
2061 67 890.00 0.006730 5.99 0.138009 122.83
2062 68 890.00 0.006246 5.56 0.133989 119.25
2063 69 890.00 0.005797 5.16 0.130086 115.78
2064 70 890.00 0.005380 4.79 0.126297 112.40
2065 71 16,910.00 0.004993 84.43 0.122619 2073.48
2066 72 890.00 0.004634 4.12 0.119047 105.95
2067 73 890.00 0.004301 3.83 0.115580 102.87
2068 74 890.00 0.003991 3.55 0.112214 99.87
2069 75 890.00 0.003704 3.30 0.108945 96.96
2070 76 890.00 0.003438 3.06 0.105772 94.14
2071 77 890.00 0.003191 2.84 0.102691 91.40
2072 78 890.00 0.002961 2.64 0.099700 88.73
2073 79 890.00 0.002748 245 0.096796 86.15
2074 80 890.00 0.002550 227 0.093977 83.64
2075 81 890.00 0.002367 211 0.091240 81.20

1995 FINAL EIS A-19



A

Irrigation Appendix

Table A-1. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — Ice Harbor

— CONT
SOS9c — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l; :12 P{{ge:t Pill:lclxl',egsoes ' WP;:'telsleIl?l:xct Wfrlt'gs—el(litost Wr;;telslell«gct W(f’rlt':lsflgost
$000 @7.75% colcxd @3% colexf
2076 82 890.00 0.002197 1.96 0.088582 78.84
2077 83 890.00 0.002039 1.81 0.086002 76.54
2078 84 890.00 0.001892 1.68 0.083497 74.31
2079 85 890.00 0.001756 1.56 0.081065 72.15
2080 86 890.00 0.001630 145 0.078704 70.05
2081 87 890.00 0.001513 135 0.076412 68.01
2082 88 890.00 0.001404 125 0.074186 66.03
2083 89 890.00 0.001303 1.16 0.072026 64.10
2084 90 890.00 0.001209 1.08 0.069928 62.24
2085 91 16,910.00 0.001122 18.97 0.067891 1148.04
2086 92 890.00 0.001041 0.93 0.065914 58.66
2087 93 890.00 0.000966 0.86 0.063994 56.95
2088 94 890.00 0.000897 0.80 0.062130 55.30
2089 95 890.00 0.000832 0.74 0.060320 53.69
2090 96 890.00 0.000773 0.69 0.058563 5212
2091 97 890.00 0.000717 0.64 0.056858 50.60
2092 98 890.00 0.000665 0.59 0.055202 49.13
2093 99 890.00 0.000618 0.55 0.053594 47.70
2094 100 890.00 0.000573 0.51 0.052033 46.31
Sum of PW 14,523.30 Sum of PW 45,111.94
100 yr Amtz @7.75 0.07754444 Amtz @3 % 0.03164667
An. Equiv = 1,126.201 An. Equiv = 1,427.642
A-20 FINAL EIS 1995



Irrigation Appendix

A

Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — John Day

SOS5b

Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

voaror | per | St | Bt [ P | et | o
$000 @17.75% colexd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 0.00 0.439957 0.00 0.722421 0.00
2006 12 0.00 0.408312 0.00 0.701380 0.00
2007 13 0.00 0.378944 0.00 0.680951 0.00
2008 14 0.00 0.351688 0.00 0.661118 0.00
2009 15 0.00 0.326393 0.00 0.641862 0.00
2010 16 15,004.00 0.302917 4,544.97 0.623167 9350.00
2011 17 664.00 0.281129 186.67 0.605016 401.73
2012 18 664.00 0.260909 173.24 0.587395 390.03
2013 19 664.00 0.242143 160.78 0.570286 378.67
2014 20 664.00 0.224727 149.22 0.553676 367.64
2015 21 664.00 0.208563 138.49 0.537549 356.93
2016 22 664.00 0.193562 128.53 0.521893 346.54
2017 23 664.00 0.179640 119.28 0.506692 336.44
2018 24 664.00 0.166719 110.70 0.491934 326.64
2019 25 664.00 0.154728 102.74 0.477606 317.13
2020 26 664.00 0.143599 95.35 0.463695 307.89
2021 27 664.00 0.133270 88.49 0.450189 298.93
2022 28 664.00 0.123685 82.13 0.437077 290.22
1995 FINAL EIS A-21
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Irrigation Appendix

Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

— CONT
SOS5b — CONT
Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l;:xfs P{{ge:t P;lr?;?eS;St WPof':lsleI;‘latlct W(f)rlt.?lsflgost WP;:telsleI?;ct Wfrlt‘:lsfl(l:tost

$000 @17.75% colexd @3% colexf
2023 29 664.00 0.114789 76.22 0.424346 281.77
2024 30 664.00 0.106532 70.74 0.411987 273.56
2025 31 664.00 0.098870 65.65 0.399987 265.59
2026 32 664.00 0.091759 60.93 0.388337 257.86
2027 33 664.00 0.085159 56.55 0.377026 250.35
2028 34 664.00 0.079034 5248 0.366045 243.05
2029 35 664.00 0.073349 48.70 0.355383 235.97
2030 36 15,004.00 0.068073 1,021.37 0.345032 5176.87
2031 37 664.00 0.063177 41.95 0.334983 22243
2032 38 664.00 0.058633 38.93 0.325226 21595
2033 39 664.00 0.054416 36.13 0.315754 209.66
2034 40 664.00 0.050502 3353 0.306557 203.55
2035 41 664.00 0.046870 3112 0.297628 197.62
2036 42 664.00 0.043499 28.88 0.288959 191.87
2037 43 664.00 0.040370 26.81 0.280543 186.28
2038 44 664.00 0.037466 24.88 0.272372 180.85
2039 45 664.00 0.034771 23.09 0.264439 175.59
2040 46 664.00 0.032270 21.43 0.256737 170.47
2041 47 664.00 0.029949 19.89 0.249259 165.51
2042 48 664.00 0.027795 18.46 0.241999 160.69
2043 49 664.00 0.025796 17.13 0.234950 156.01
2044 50 664.00 0.023941 15.90 0.228107 151.46
2045 51 664.00 0.022219 14.75 0.221463 147.05
2046 52 664.00 0.020621 13.69 0.215013 142.77
2047 53 664.00 0.019137 1271 0.208750 138.61
2048 54 664.00 0.017761 11.79 0.202670 134.57
2049 55 664.00 0.016484 10.95 0.196767 130.65
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — John Day

— CONT
SOS5b — CONT
Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B Cc D E F G
Jearof | Projeet | TR | WorthFact | WorlhCost | WorihFact | WorthCost

$000 @7.75% colecxd @3% colcxf
2050 56 15,004.00 0.015298 229.53 0.191036 2866.31
2051 57 664.00 0.014198 9.43 0.185472 123.15
2052 58 664.00 0.013176 8.75 0.180070 119.57
2053 59 664.00 0.012229 8.12 0.174825 116.08
2054 60 664.00 0.011349 7.54 0.169733 112.70
2055 61 664.00 0.010533 6.99 0.164789 109.42
2056 62 664.00 0.009775 6.49 0.159990 106.23
2057 63 664.00 0.009072 6.02 0.155330 103.14
2058 64 664.00 0.008420 5.59 0.150806 100.13
2059 65 664.00 0.007814 5.19 0.146413 97.22
2060 66 664.00 0.007252 4.82 0.142149 94.39
2061 67 664.00 0.006730 4.47 0.138009 91.64
2062 68 664.00 0.006246 4.15 0.133989 88.97
2063 69 664.00 0.005797 3.85 0.130086 86.38
2064 70 664.00 0.005380 3.57 0.126297 83.86
2065 71 664.00 0.004993 332 0.122619 81.42
2066 72 664.00 0.004634 3.08 0.119047 79.05
2067 73 664.00 0.004301 2.86 0.115580 76.75
2068 74 664.00 0.003991 2.65 0.112214 74.51
2069 75 664.00 0.003704 246 0.108945 72.34
2070 76 15,004.00 0.003438 5158 0.105772 1587.00
2071 77 664.00 0.003191 2.12 0.102691 68.19
2072 78 664.00 0.002961 197 0.099700 66.20
2073 79 664.00 0.002748 1.82 0.096796 64.27
2074 80 664.00 0.002550 1.69 0.093977 62.40
2075 81 664.00 0.002367 1.57 0.091240 60.58
2076 82 664.00 0.002197 1.46 0.088582 58.82

1995 FINAL EIS A-23
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

— CONT
SOS5b — CONT
Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
doaro | peoet | Fimn o [ Bron [ et Tt | ot
$000 @17.75% colexd @3% colexf
2077 83 664.00 0.002039 1.35 0.086002 57.11
2078 84 664.00 0.001892 1.26 0.083497 55.44
2079 85 664.00 0.001756 1.17 0.081065 53.83
2080 86 664.00 0.001630 1.08 0.078704 52.26
2081 87 664.00 0.001513 1.00 0.076412 50.74
2082 88 664.00 0.001404 0.93 0.074186 49.26
2083 89 664.00 0.001303 0.87 0.072026 47.83
2084 90 664.00 0.001209 0.80 0.069928 46.43
2085 91 664.00 0.001122 0.75 0.067891 45.08
2086 92 664.00 0.001041 0.69 0.065914 43.77
2087 93 664.00 0.000966 0.64 0.063994 42.49
2088 94 664.00 0.000897 0.60 0.062130 41.25
2089 95 664.00 0.000832 0.55 0.060320 40.05
2090 96 15,004.00 0.000773 11.59 0.058563 878.69
2091 97 664.00 0.000717 0.48 0.056858 37.75
2092 98 664.00 0.000665 0.44 0.055202 36.65
2093 99 664.00 0.000618 0.41 0.053594 35.59
2094 100 664.00 0.000573 0.38 0.052033 34.55
Sum of PW 8,391.29 Sum of PW 32,034.89
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 650.698 An. Equiv = 1,013.798
A-24 FINAL EIS 1995
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — John Day

~ CONT
SOS5¢c & 6d

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

I:’ :l; ;’Ii; P;gierct Pill:lclxl')ez(l:soes ' Wrt;:telslelx“l;ct W(?é;sflgost Wlt:;telslelr");ct W(f)rlt?flgost
$000 @17.75% colexd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 , 6 15,004.00 0.638993 9,587.46 0.837484 12565.61
2001 7 664.00 0.593033 393.77 0.813092 539.89
2002 8 664.00 0.550379 365.45 0.789409 524.17
2003 9 664.00 0.510792 339.17 0.766417 508.90
2004 10 664.00 0.474053 314.77 0.744094 494.08
2005 11 664.00 0.439957 292.13 0.722421 479.69
2006 12 664.00 0.408312 271.12 0.701380 465.72
2007 13 664.00 0.378944 251.62 0.680951 452.15
2008 14 664.00 0.351688 23352 0.661118 438.98
2009 15 664.00 0.326393 216.72 0.641862 426.20
2010 16 664.00 0.302917 201.14 0.623167 413.78
2011 17 664.00 0.281129 186.67 0.605016 401.73
2012 18 664.00 0.260909 173.24 0.587395 390.03
2013 19 664.00 0.242143 160.78 0.570286 378.67
2014 20 664.00 0.224727 149.22 0.553676 367.64
2015 21 664.00 0.208563 138.49 0.537549 356.93
2016 22 664.00 0.193562 128.53 0.521893 346.54
2017 23 664.00 0.179640 119.28 0.506692 336.44
2018 24 664.00 0.166719 110.70 0.491934 326.64
2019 25 664.00 0.154728 102.74 0.477606 317.13
2020 26 15,004.00 0.143599 2,154.56 0.463695 6957.28
2021 27 664.00 0.133270 88.49 0.450189 298.93
1995 FINAL EIS A-25
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

— CONT
SOS5c & 6d — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
:::l;:ig P‘régierct Pilt:gx?egsoe“ WP(;;telsleIIT‘;ct Wfrtr;s-fl(!‘,tost WPof'teliell?l;ct W(?rtrfls-fl(‘itost

$000 @7.75% colexd @3% colexf
2022 28 664.00 0.123685 82.13 0.437077 290.22
2023 29 664.00 0.114789 76.22 0.424346 281.77
2024 30 664.00 0.106532 70.74 0.411987 273.56
2025 31 664.00 0.098870 65.65 0.399987 265.59
2026 32 664.00 0.091759 60.93 0.388337 257.86
2027 33 664.00 0.085159 56.55 0.377026 250.35
2028 34 664.00 0.079034 5248 0.366045 243.05
2029 35 664.00 0.073349 48.70 0.355383 235.97
2030 36 664.00 0.068073 45.20 0.345032 229.10
2031 37 664.00 0.063177 41.95 0.334983 22243
2032 38 664.00 0.058633 38.93 0.325226 215.95
2033 39 664.00 0.054416 36.13 0.315754 209.66
2034 40 664.00 0.050502 33.53 0.306557 203.55
2035 41 664.00 0.046870 31.12 0.297628 197.62
2036 42 664.00 0.043499 28.88 0.288959 191.87
2037 43 664.00 0.040370 26.81 0.280543 186.28
2038 44 664.00 0.037466 24.88 0.272372 180.85
2039 45 664.00 0.034771 23.09 0.264439 175.59
2040 46 15,004.00 0.032270 484.19 0.256737 3852.07
2041 47 664.00 0.029949 19.89 0.249259 165.51
2042 48 664.00 0.027795 18.46 0.241999 160.69
2043 49 664.00 0.025796 17.13 0.234950 156.01
2044 50 664.00 0.023941 15.90 0.228107 151.46
2045 51 664.00 0.022219 14.75 0.221463 147.05
2046 52 664.00 0.020621 13.69 0.215013 142.77
2047 53 664.00 0.019137 12.71 0.208750 138.61
2048 54 664.00 0.017761 11.79 0.202670 134.57
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers —~ John Day

— CONT

S0S85¢c & 6d — CONT

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
vomro | g | TpmnCost | B [ Bl | Bt | Rt
$600 @7.75% colexd @3% colexf
2049 55 664.00 0.016484 10.95 0.196767 130.65
2050 56 664.00 0.015298 10.16 0.191036 126.85
2051 57 664.00 0.014198 943 0.185472 123.15
2052 58 664.00 0.013176 8.75 0.180070 119.57
2053 59 664.00 0.012229 8.12 0.174825 116.08
2054 60 664.00 0.011349 7.54 0.169733 112.70
2055 61 664.00 0.010533 6.99 0.164789 109.42
2056 62 664.00 0.009775 6.49 0.159990 106.23
2057 63 664.60 0.009072 6.02 0.155330 103.14
2058 64 664.00 0.008420 5.59 0.150806 100.13
2059 65 664.00 0.007814 5.19 0.146413 97.22
2060 66 15,004.00 0.007252 108.81 0.142149 2132.80
2061 67 664.00 0.006730 447 0.138009 91.64
2062 68 664.00 0.006246 415 0.133989 88.97
2063 69 664.00 0.005797 385 0.130086 86.38
2064 70 664.00 0.005380 3.57 0.126297 83.86
2065 71 664.00 0.004993 332 0.122619 81.42
2066 72 664.00 0.004634 3.08 0.119047 79.05
2067 73 664.00 0.004301 2.86 0.115580 76.75
2068 74 664.00 0.003991 2.65 0.112214 7451
2069 75 664.00 0.003704 2.46 0.108945 7234
2070 76 664.00 0.003438 2.28 0.105772 70.23
2071 77 664.00 0.003191 212 0.102691 68.19
2072 78 664.00 0.002961 1.97 0.099700 66.20
2073 79 664.00 0.002748 1.82 0.096796 64.27
2074 80 664.00 0.002550 1.69 0.093977 62.40
2075 81 664.00 0.002367 1.57 0.091240 60.58
1995 FINAL EIS A-27
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — John Day

- CONT

SOS5¢ & 6d — CONT

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
Joarar | proee | Bt | Bt T e | e | wanhetet
$000 @17.75% colcxd @3% colexf
2076 82 664.00 0.002197 1.46 0.088582 58.82
2077 83 664.00 0.002039 1.35 0.086002 57.11
2078 84 664.00 0.001892 1.26 0.083497 55.44
2079 85 664.00 0.001756 1.17 0.081065 53.83
2080 86 15,004.00 0.001630 24.45 0.078704 1180.88

2081 87 664.00 0.001513 1.00 0.076412 50.74
2082 88 664.00 0.001404 0.93 0.074186 49.26
2083 89 664.00 0.001303 0.87 0.072026 47.83
2084 90 664.00 0.001209 0.80 0.069928 46.43
2085 91 664.00 0.001122 0.75 0.067891 4508
2086 92 664.00 0.001041 0.69 0.065914 43.77
2087 93 664.00 0.000966 0.64 0.063994 4249
2088 94 664.00 0.000897 0.60 0.062130 41.25
2089 95 664.00 0.000832 0.55 0.060320 40.05
2090 96 664.00 0.000773 0.51 0.058563 38.89
2091 97 664.00 0.000717 0.48 0.056858 37.75
2092 98 664.00 0.000665 0.44 0.055202 36.65
2093 99 664.00 0.000618 0.41 0.053594 35.59
2094 100 664.00 0.000573 0.38 0.052033 34.55

Sum of PW 17,706.60 Sum of PW 43,448.29

100 yr Amtz @7.75 0.07754444 Amtz @3 % 0.03164667

An. Equiv = 1,373.049 An. Equiv = 1,374.994
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — John Day

~ CONT
SOS6b

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

Z: :Il;/ :lg P;ge:t Pilx?clll?e:l:s(:ast WI(::telsleIl"lztlct Wfrigsflgost Wrc;;telslell“l;ct W:)rlt?flgost
$000 @7.75% colcxd @3% colcxf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 ;3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 (.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 15,004.00 0.439957 6,601.11 0.722421 10839.21
2006 12 664.00 0.408312 271.12 0.701380 465.72
2007 13 664.00 0.378944 251.62 0.680951 452.15
2008 14 664.00 0.351688 23352 0.661118 438.98
2009 15 664.00 0.326393 216.72 0.641862 426.20
2010 16 664.00 0.302917 201.14 0.623167 413.78
2011 17 664.00 0.281129 186.67 0.605016 401.73
2012 18 664.00 0.260909 173.24 0.587395 390.03
2013 19 664.00 0.242143 160.78 0.570286 378.67
2014 20 664.00 0.224727 149.22 0.553676 367.64
2015 21 664.00 0.208563 138.49 0.537549 356.93
2016 22 664.00 0.193562 128.53 0.521893 346.54
2017 23 664.00 0.179640 119.28 0.506692 336.44
2018 24 664.00 0.166719 110.70 0.491934 326.64
2019 25 664.00 0.154728 102.74 0.477606 317.13
2020 26 664.00 0.143599 95.35 0.463695 307.89
2021 27 664.00 0.133270 88.49 0.450189 298.93
1995 FINAL EIS A-29
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Irrigation Appendix

Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

— CONT
SOS6b — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
:: :ll;, :12 P{{%Le:t Pilr:lclll‘)eg:es ' Wr;;telslel?;ct W(?rlt';sfl("‘,tost WE;telslell?l;ct W(Frlt‘ﬁsflgost

$000 @17.75% colexd @3% colexf
2022 28 664.00 0.123685 82.13 0.437077 290.22
2023 29 664.00 0.114789 76.22 0.424346 281.77
2024 30 664.00 0.106532 70.74 0.411987 273.56
2025 31 15,004.00 0.098870 1,483.44 0.399987 6001.41
2026 32 664.00 0.09175% 60.93 0.388337 257.86
2027 33 664.00 0.085159 56.55 0.377026 250.35
2028 34 664.00 0.079034 52.48 0.366045 243.05
2029 35 664.00 0.073349 48.70 0.355383 235.97
2030 36 664.00 0.068073 45.20 0.345032 229.10
2031 37 664.00 0.063177 41.95 0.334983 22243
2032 38 664.00 0.058633 38.93 0.325226 215.95
2033 39 664.00 0.054416 36.13 0.315754 209.66
2034 40 664.00 0.050502 33.53 0.306557 203.55
2035 41 664.00 0.046870 31.12 0.297628 197.62
2036 42 664.00 0.043499 28.88 0.288959 191.87
2037 43 664.00 0.040370 26.81 0.280543 186.28
2038 44 664.00 0.037466 24.88 0.272372 180.85
2039 45 664.00 0.034771 23.09 0.264439 175.59
2040 46 664.00 0.032270 2143 0.256737 170.47
2041 47 664.00 0.029949 19.89 0.249259 165.51
2042 48 664.00 0.027795 18.46 0.241999 160.69
2043 49 664.00 0.025796 17.13 0.234950 156.01
2044 50 664.00 0.023941 15.90 0.228107 151.46
2045 51 15,004.00 0.022219 333.37 0.221463 3322.83
2046 52 664.00 0.020621 13.69 0.215013 142.77
2047 53 664.00 0.019137 12.71 0.208750 138.61
2048 54 664.00 0.017761 11.79 0.202670 134.57
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

~ CONT
SOS6b — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Yoarar | proeer | FmnCont | B [ et | e | wanetst
$000 @17.75% colcxd @3% colexf
2049 55 664.00 0.016484 10.95 0.196767 130.65
2050 56 664.00 0.015298 10.16 0.191036 126.85
2051 57 664.00 0.014198 9.43 0.185472 123.15
2052 58 664.00 0.013176 8.75 0.180070 119.57
2053 59 664.00 0.012229 8.12 0.174825 116.08
2054 60 664.00 0.011349 7.54 0.169733 112.70
2055 61 664.00 0.010533 6.99 0.164789 109.42
2056 62 664.00 0.009775 6.49 0.159990 106.23
2057 63 664.00 0.009072 6.02 0.155330 103.14
2058 64 664.00 0.008420 5.59 0.150806 100.13
2059 65 664.00 0.007814 5.19 0.146413 97.22
2060 66 664.00 0.007252 4.82 0.142149 94.39
2061 67 664.00 0.006730 4.47 0.138009 91.64
2062 68 664.00 0.006246 415 0.133989 88.97
2063 69 664.00 0.005797 3.85 0.130086 86.38
2064 70 664.00 0.005380 3.57 0.126297 83.86
2065 71 15,004.00 0.004993 74.92 0.122619 1839.77
2066 72 664.00 0.004634 3.08 0.119047 79.05
2067 73 664.00 0.004301 2.86 0.115580 76.75
2068 74 664.00 0.003991 2.65 0.112214 74.51
2069 75 664.00 0.003704 2.46 0.108945 72.34
2070 76 664.00 0.003438 2.28 0.105772 70.23
2071 77 664.00 0.003191 212 0.102691 68.19
2072 78 664.00 0.002961 197 0.099700 66.20
2073 79 664.00 0.002748 1.82 0.096796 64.27
2074 80 664.00 0.002550 1.69 0.093977 62.40
2075 81 664.00 0.002367 157 0.091240 60.58
1995 FINAL EIS A-31
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Irrigation Appendix

Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

- CONT
S0OS6b — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
I; :l;:it; P;gerct Pilr:lclll')ez(a:soeSt Wﬁ:lslel?;ct W(})r;;sflgost Wl;;telsnell?‘;ct W(?rltfxsfl(litost
$000 @7.75% colexd @3% colexf
2076 82 664.00 0.002197 1.46 0.088582 58.82
2077 83 664.00 0.002039 1.35 0.086002 57.11
2078 84 664.00 0.001892 1.26 0.083497 55.44
2079 85 664.00 0.001756 1.17 0.081065 53.83
2080 86 664.00 0.001630 1.08 0.078704 52.26
2081 87 664.00 0.001513 1.00 0.076412 50.74
2082 88 664.00 0.001404 0.93 0.074186 49.26
2083 89 664.00 0.001303 0.87 0.072026 47.83
2084 90 664.00 0.001209 0.80 0.069928 46.43
2085 91 15,004.00 0.001122 16.84 0.067891 1018.64
2086 92 664.00 0.001041 0.69 0.065914 43.77
2087 93 664.00 0.000966 0.64 0.063994 42.49
2088 94 664.00 0.000897 0.60 0.062130 4125
2089 95 664.00 0.000832 0.55 0.060320 40.05
2090 96 664.00 0.000773 0.51 0.058563 38.89
2091 97 664.00 0.000717 0.48 0.056858 37.75
2092 98 664.00 0.000665 0.44 0.055202 36.65
2093 99 664.00 0.000618 041 0.053594 35.59
2094 100 664.00 0.000573 0.38 0.052033 34.55
Sum of PW 12,189.74 Sum of PW 37,320.65
100 yr Amtz @7.75 0.07754444 Amtz@3 % 0.03164667
An. Equiv = 945.247 An. Equiv = 1,181.074
A-32 FINAL EIS 1995
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — John Day

~ CONT
S0S89a

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

doar o | e | POt [ Bt | et 1 it | wae
$000 @17.75% colexd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 11,368.00 0.439957 5,001.43 0.722421 8212.49
2006 12 578.00 0.408312 236.00 0.701380 405.40
2007 13 578.00 0.378944 219.03 0.680951 393.59
2008 14 578.00 0.351688 203.28 0.661118 382.13
2009 15 578.00 0.326393 188.66 0.641862 371.00
2010 16 578.00 0.302917 175.09 0.623167 360.19
2011 17 578.00 0.281129 162.49 0.605016 349.70
2012 18 578.00 0.260909 150.81 0.587395 339.51
2013 19 578.00 0.242143 139.96 0.570286 329.63
2014 20 578.00 0.224727 129.89 0.553676 320.02
2015 21 578.00 0.208563 120.55 0.537549 310.70
2016 22 578.00 0.193562 111.88 0.521893 301.65
2017 23 578.00 0.179640 103.83 0.506692 292.87
2018 24 578.00 0.166719 96.36 0.491934 284.34
2019 25 578.00 0.154728 89.43 0.477606 276.06
2020 26 578.00 0.143599 83.00 0.463695 268.02
2021 27 578.00 0.133270 77.03 0.450189 260.21
1995 FINAL EIS A-33
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Table A-2. Annual Equivalent Increased Pumping Cost - Agr. Pumpers ~ John Day

— CONT

SOS9a — CONT

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
oot | proet | FmnCot | Pt T e [ e | wospetos
$000 @7.75% colexd @3 % colexf
2022 28 578.00 0.123685 71.49 0.437077 252.63
2023 29 578.00 0.114789 66.35 0.424346 24527
2024 30 578.00 0.106532 61.58 0.411987 238.13
2025 31 11,368.00 0.098870 1,123.95 0.399987 4547.05
2026 32 578.00 0.091759 53.04 0.388337 224.46
2027 33 578.00 0.085159 49.22 0.377026 217.92
2028 34 578.00 0.079034 45.68 0.366045 211.57
2029 35 578.00 0.073349 42.40 0.355383 20541
2030 36 578.00 0.068073 39.35 0.345032 199.43
2031 37 578.00 0.063177 36.52 0.334983 193.62
2032 38 578.00 0.058633 33.89 0.325226 187.98
2033 39 578.00 0.054416 3145 0.315754 18251
2034 40 578.00 0.050502 29.19 0.306557 177.19
2035 41 578.00 0.046870 27.09 0.297628 172.03
2036 42 578.00 0.043499 25.14 0.288959 167.02
2037 43 578.00 0.040370 23.33 0.280543 162.15
2038 44 578.00 0.037466 21.66 0.272372 157.43
2039 45 578.00 0.034771 20.10 0.264439 152.85
2040 46 578.00 0.032270 18.65 0.256737 148.39
2041 47 578.00 0.029949 17.31 0.249259 144.07
2042 48 578.00 0.027795 16.07 0.241999 139.88
2043 49 578.00 0.025796 14.91 0.234950 135.80
2044 50 578.00 0.023941 13.84 0.228107 131.85
2045 51 11,368.00 0.022219 252.58 0.221463 2517.59
2046 52 578.00 0.020621 11.92 0.215013 124.28
2047 53 578.00 0.019137 11.06 0.208750 120.66
2048 54 578.00 0.017761 10.27 0.202670 117.14
A-34 FINAL EIS 1995
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

- CONT

$0S9a — CONT

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
vt | pe | o | e | et 1 bt et
$000 @7.75% colexd @3% colexf
2049 55 578.00 0.016484 9.53 0.196767 113.73
2050 56 578.00 0.015298 8.84 0.191036 110.42
2051 57 578.00 0.014198 821 0.185472 107.20
2052 58 578.00 0.013176 7.62 0.180070 104.08
2053 59 578.00 0.012229 7.07 0.174825 101.05
2054 60 578.00 0.011349 6.56 0.169733 98.11
2055 61 578.00 0.010533 6.09 0.164789 95.25
2056 62 578.00 0.009775 5.65 0.159990 9247
2057 63 578.00 0.009072 524 0.155330 89.78
2058 64 578.00 0.008420 4.87 0.150806 87.17
2059 65 578.00 0.007814 4.52 0.146413 84.63
2060 66 578.00 0.007252 419 0.142149 82.16
2061 67 578.00 0.006730 3.89 0.138009 79.77
2062 68 578.00 0.006246 3.61 0.133989 7745
2063 69 578.00 0.005797 335 0.130086 75.19
2064 70 578.00 0.005380 311 0.126297 73.00
2065 71 11,368.00 0.004993 56.76 0.122619 1393.93
2066 72 578.00 0.004634 2.68 0.119047 68.81
2067 73 578.00 0.004301 2.49 0.115580 66.81
2068 74 578.00 0.003991 2.31 0.112214 64.86
2069 75 578.00 0.003704 2.14 0.108945 62.97
2070 76 578.00 0.003438 1.99 0.105772 61.14
2071 77 578.00 0.003191 1.84 0.102691 59.36
2072 78 578.00 0.002961 171 0.099700 57.63
2073 79 578.00 0.002748 159 0.096796 55.95
2074 80 578.00 0.002550 147 0.093977 5432
2075 81 578.00 0.002367 1.37 0.091240 52.74
1995 FINAL EIS A-35
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Table A-2. Annual Equivalent Increased Pumping Cost - Agr. Pumpers ~ John Day

— CONT
SOS9a — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
gne:l; :12 P;ge:t Pilr:zx?egsoe“ WPo;tels\eIli‘lztxct W(})rtr;sfi(l:tost WPo;telsleIl“l:lct Wfrl;;sfl(lltost
$000 @7.75% colexd @3% colexf
2076 82 578.00 0.002197 127 0.088582 51.20
2077 83 578.00 0.002039 1.18 0.086002 49.71
2078 84 578.00 0.001892 1.09 0.083497 48.26
2079 85 578.00 0.001756 1.01 0.081065 46.86
2080 86 578.00 0.001630 0.94 0.078704 45.49
2081 87 578.00 0.001513 0.87 0.076412 44.17
2082 88 578.00 0.001404 0.81 0.074186 42.88
2083 89 578.00 0.001303 0.75 0.072026 41.63
2084 90 578.00 0.001209 0.70 0.069928 40.42
2085 91 11,368.00 0.001122 12.76 0.067891 771.79
2086 92 578.00 0.001041 0.60 0.065914 38.10
2087 93 578.00 0.000966 0.56 0.063994 36.99
2088 94 578.00 0.000897 0.52 0.062130 35.91
2089 95 578.00 0.000832 0.48 0.060320 34.87
2090 96 578.00 0.000773 0.45 0.058563 33.85
2091 97 578.00 0.000717 0.41 0.056858 32.86
2092 98 578.00 0.000665 0.38 0.055202 3191
2093 99 578.00 0.000618 0.36 0.053594 30.98
2094 100 578.00 0.000573 0.33 0.052033 30.07
Sum of PW 9,650.91 Sum of PW 29,889.69
100 yr Amtz @7.75 0.07754444 Amtz @3 % 0.03164667
An. Equiv = 748.374 An. Equiv = 945.909
A-36 FINAL EIS 1995
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

— CONT
SOS9¢

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

Ixf:l;:ig' P;ge:t Pﬂ:lclxl')egso: ' Wlt::telslell?‘;ct W(?rlt-lels—el(ll‘tost Wl;:telslell“l:txct W(f)rlt.;sfl(l}tost
$000 @1.75% colcxd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 1 15,048.00 0.439957 6,620.47 0.722421 10871.00
2006 12 708.00 0.408312 289.09 0.701380 496.58
2007 13 708.00 0.378944 268.29 0.680951 482.11
2008 14 708.00 0.351688 249.00 0.661118 468.07
2009 15 708.00 0.326393 231.09 0.641862 454.44
2010 16 708.00 0.302917 21447 0.623167 441.20
2011 17 708.00 0.281129 199.04 0.605016 428.35
2012 18 708.00 0.260909 184.72 0.587395 415.88
2013 19 708.00 0.242143 171.44 0.570286 403.76
2014 20 708.00 0.224727 159.11 0.553676 392.00
2015 21 708.00 0.208563 147.66 0.537549 380.58
2016 22 708.00 0.193562 137.04 0.521893 369.50
2017 23 708.00 0.179640 127.18 0.506692 358.74
2018 24 708.00 0.166719 118.04 0.491934 348.29
2019 25 708.00 0.154728 109.55 0.477606 338.14
2020 26 708.00 0.143599 101.67 0.463695 328.30
2021 27 708.00 0.133270 94.36 0.450189 318.73
1995 FINAL EIS A-37
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

~ CONT
SO0S9¢ — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l;' :lt; P;Zjaerct Pil:clll')egs?t Wr;;telsnelii‘l;ct W(f,rlt.;s—e‘gost Wr;:telslell“‘;ct W«f)r;;sflgost

$000 @17.75% colcxd @3% colexf
2022 28 708.00 0.123685 8757 0.437077 309.45
2023 29 708.00 0.114789 81.27 0.424346 300.44
2024 30 708.00 0.106532 7542 0.411987 291.69
2025 31 15,048.00 0.098870 1,487.80 0.399987 6019.01
2026 32 708.00 0.091759 64.97 0.388337 274.94
2027 33 708.00 0.085159 60.29 0.377026 266.93
2028 34 708.00 0.079034 55.96 0.366045 259.16
2029 35 708.00 0.073349 51.93 0.355383 251.61
2030 36 708.00 0.068073 48.20 0.345032 24428
2031 37 708.00 0.063177 4473 0.334983 237.17
2032 38 708.00 0.058633 4151 0.325226 230.26
2033 39 708.00 0.054416 38.53 0.315754 223.55
2034 40 708.00 0.050502 35.76 0.306557 217.04
2035 41 708.00 0.046870 33.18 0.297628 210.72
2036 42 708.00 0.043499 30.80 0.288959 204.58
2037 43 708.00 0.040370 28.58 0.280543 198.62
2038 44 708.00 0.037466 26.53 0.272372 192.84
2039 45 708.00 0.034771 24.62 0.264439 187.22
2040 46 708.060 0.032270 22.85 0.256737 181.77
2041 47 708.00 0.029949 2120 0.249259 176.48
2042 48 708.00 0.027795 19.68 0.241999 171.34
2043 49 708.00 0.025796 18.26 0.234950 166.34
2044 50 708.00 0.023941 16.95 0.228107 161.50
2045 51 15,048.00 0.022219 334.35 0.221463 3332.58
2046 52 708.00 0.020621 14.60 0.215013 152.23
2047 53 708.00 0.019137 13.55 0.208750 147.80
2048 54 708.00 0.017761 12.57 0.202670 143.49

A-38 FINAL EIS 1995
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

- CONT
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Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
gne :l;:ii P{{%Le:t Pilr:z?eacso: ' Wl(:rrtelslell“l;ct W(})r!t.ﬁsflgost Wl(::telslell;;ct W(},r;?—eigost
$000 @7.75% colexd @3% colexf
2049 55 708.00 0.016484 11.67 0.196767 139.31
2050 56 708.00 0.015298 10.83 0.191036 135.25
2051 57 708.00 0.014198 10.05 0.185472 131.31
2052 58 708.00 0.013176 9.33 0.180070 12749
2053 59 708.00 0.012229 8.66 0.174825 123.78
2054 60 708.00 0.011349 8.04 0.169733 120.17
2055 61 708.00 0.010533 7.46 0.164789 116.67
2056 62 708.00 0.009775 6.92 0.159990 113.27
2057 63 708.00 0.009072 6.42 0.155330 109.97
2058 64 708.00 0.008420 5.96 0.150806 106.77
2059 65 708.00 0.007814 5.53 0.146413 103.66
2060 66 708.00 0.007252 5.13 0.142149 100.64
2061 67 708.00 0.006730 477 0.138009 97.711
2062 68 708.00 0.006246 442 0.133989 94.86
2063 69 708.00 0.005797 4.10 0.130086 92.10
2064 70 708.00 0.005380 3.81 0.126297 89.42
2065 71 15,048.00 0.004993 75.14 0.122619 1845.17
2066 72 708.00 0.004634 3.28 0.119047 84.29
2067 73 708.00 0.004301 3.04 0.115580 81.83
2068 74 708.00 0.003991 2.83 0.112214 79.45
2069 75 708.00 0.003704 2.62 0.108945 77.13
2070 76 708.00 0.003438 243 0.105772 74.89
2071 77 708.00 0.003191 2.26 0.102691 7211
2072 78 708.00 0.002961 210 0.099700 70.59
2073 79 708.00 0.002748 1.95 0.096796 68.53
2074 80 708.00 0.002550 1.81 0.093977 66.54
2075 81 708.00 0.002367 1.68 0.091240 64.60
1995 FINAL EIS A-39



A

Irrigation Appendix

Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers — John Day

— CONT
SOS9c — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
doarat | poaee | T ot | Bt P Tt | wometon
$000 @17.75% colexd @3% colexf
2076 82 708.00 0.002197 1.56 0.088582 62.72
2077 &3 708.00 0.002039 1.44 0.086002 60.89
2078 84 708.00 0.001892 134 0.083497 59.12
2079 85 708.00 0.001756 124 0.081065 57.39
2080 86 708.00 0.001630 1.15 0.078704 55.72
2081 87 708.00 0.001513 1.07 0.076412 54.10
2082 88 708.00 0.001404 0.99 0.074186 52.52
2083 89 708.00 0.001303 0.92 0.072026 50.99
2084 90 708.00 0.001209 0.86 0.069928 49.51
2085 91 15,048.00 0.001122 16.89 0.067891 1021.62
2086 92 708.00 0.001041 0.74 0.065914 46.67
2087 93 708.00 0.000966 0.68 0.063994 45.31
2088 94 708.00 0.000897 0.64 0.062130 43.99
2089 95 708.00 0.000832 0.59 0.060320 42.71
2090 96 708.00 0.000773 0.55 0.058563 41.46
2091 97 708.00 0.000717 0.51 0.056858 40.26
2092 98 708.00 0.000665 0.47 0.055202 39.08
2093 99 708.00 0.000618 0.44 0.053594 37.94
2094 100 708.00 0.000573 041 0.052033 36.84
Sum of PW 12,458.55 Sum of PW 38,335.67
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 966.092 An. Equiv = 1,213.196
A-40 FINAL EIS 1995
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Table A-2. Annual Equivalent Increased Pumping Cost —~ Agr. Pumpers — John Day

— CONT
Pref. Alt

Implementation year = 1998
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

1: :l; ::g P{{ge:t Pi!:clll')egso: ' WE;telslel?‘lattct W(}:;sfi(ll‘tost Wﬁ:telslell"l;ct Wfriﬁsfx(‘ltost
$000 @7.75% colexd @3% colcxf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 15,091.00 0.741875 11,195.64 0.888487 13408.16
1999 5 751.00 0.688515 517.08 0.862609 647.82
2000 6 751.00 0.638993 479.88 0.837484 628.95
2001 7 751.00 0.593033 44537 0.813092 610.63
2002 8 751.00 0.550379 413.33 0.789409 592.85
2003 9 751.00 0.510792 383.61 0.766417 575.58
2004 10 751.00 0.474053 356.01 0.744094 558.81
2005 11 751.00 0.439957 33041 0.722421 542.54
2006 12 751.00 0.408312 306.64 0.701380 526.74
2007 13 751.00 0.378944 284.59 0.680951 511.39
2008 14 751.00 0.351688 264.12 0.661118 496.50
2009 15 751.00 0.326393 245.12 0.641862 482.04
2010 16 751.00 0.302917 227.49 0.623167 468.00
2011 17 751.00 0.281129 21113 0.605016 45437
2012 18 751.00 0.260909 195.94 0.587395 441.13
2013 19 751.00 0.242143 181.85 0.570286 428.28
2014 20 751.00 0.224727 168.77 0.553676 415.81
2015 21 751.00 0.208563 156.63 0.537549 403.70
2016 22 751.00 0.193562 14536 0.521893 391.94
2017 23 751.00 0.179640 134.91 0.506692 380.53
2018 24 15,091.00 0.166719 2,515.96 0.491934 7423.77
2019 25 751.00 0.154728 116.20 0.477606 358.68
2020 26 751.00 0.143599 107.84 0.463695 348.23
2021 27 751.00 0.133270 100.09 0.450189 338.09
1995 FINAL EIS A-41
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Table A-2. Annual Equivalent Increased Pumping Cost — Agr. Pumpers - John Day

- CONT

Pref. Alt -~ CONT

Implementation year = 1998
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
Yot | proec | FpmpCost | Breent | Praen | g | et
$000 @7.75% colexd @3% colexf
2022 28 751.00 0.123685 92.89 0.437077 328.24
2023 29 751.00 0.114789 86.21 0.424346 318.68
2024 30 751.00 0.106532 80.01 0.411987 309.40
2025 31 751.00 0.098870 74.25 0.399987 300.39
2026 32 751.00 0.091759 68.91 0.388337 291.64
2027 33 751.00 0.085159 63.95 0.377026 283.15
2028 34 751.00 0.079034 59.35 0.366045 274.90
2029 35 751.00 0.073349 55.09 0.355383 266.89
2030 36 751.00 0.068073 51.12 0.345032 259.12
2031 37 751.00 0.063177 4745 0.334983 251.57
2032 38 751.00 0.058633 4403 0.325226 24424
2033 39 751.00 0.054416 40.87 0.315754 237.13
2034 40 751.00 0.050502 37.93 0.306557 230.22
2035 41 751.00 0.046870 35.20 0.297628 223.52
2036 42 751.00 0.043499 32.67 0.288959 217.01
2037 43 751.00 0.040370 30.32 0.280543 210.69
2038 44 15,091.00 0.037466 565.40 0.272372 4110.36
2039 45 751.00 0.034771 26.11 0.264439 198.59
2040 46 751.00 0.032270 24.24 0.256737 192.81
2041 47 751.00 0.029949 2249 0.249259 187.19
2042 48 751.00 0.027795 20.87 0.241999 181.74
2043 49 751.00 0.025796 19.37 0.234950 176.45
2044 50 751.00 0.023941 17.98 0.228107 17131
2045 51 751.00 0.022219 16.69 0.221463 166.32
2046 52 751.00 0.020621 15.49 0.215013 161.47
2047 53 751.00 0.019137 14.37 0.208750 156.77
2048 54 751.00 0.017761 13.34 0.202670 152.21
A-42 FINAL EIS 1995



Irrigation Appendix

A

Table A-2. Annual Equivalent Increased Pumping Cost ~ Agr. Pumpers - John Day

— CONT

Pref. Alt = CONT

Implementation year = 1998
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
I::l; :II; P;z.;e:t P;lr:l;?egoest Wlt:;telslell?latlct W«)Prlt.:ls-fl(lltost Wr;;telslell?l;ct W(f)rl;?-el(lltost
$000 @7.75% colexd @3% colexf
2049 55 751.00 0.016484 12.38 0.196767 147.77
2050 56 751.00 0.015298 1149 0.191036 143.47
2051 57 751.00 0.014198 10.66 0.185472 139.29
2052 58 751.00 0.013176 9.90 0.180070 135.23
2053 59 751.00 0.012229 9.18 0.174825 131.29
2054 60 751.00 0.011349 8.52 0.169733 127.47
2055 61 751.00 0.010533 791 0.164789 123.76
2056 62 751.00 0.009775 7.34 0.159990 120.15
2057 63 751.00 0.009072 6.81 0.155330 116.65
2058 64 15,091.00 0.008420 127.06 0.150806 2275.81
2059 65 751.00 0.007814 5.87 0.146413 109.96
2060 66 751.00 0.007252 545 0.142149 106.75
2061 67 751.00 0.006730 5.05 0.138009 103.64
2062 68 751.00 (.006246 4.69 0.133989 100.63
2063 69 751.00 0.005797 435 0.130086 97.69
2064 70 751.00 0.005380 404 0.126297 94.85
2065 71 751.00 0.004993 3.75 0.122619 92.09
2066 72 751.00 0.004634 3.48 0.119047 89.40
2067 73 751.00 0.004301 323 0.115580 86.80
2068 74 751.00 0.003991 3.00 0.112214 84.27
2069 75 751.00 0.003704 2.78 0.108945 81.82
2070 76 751.00 0.003438 2.58 0.105772 79.43
2071 77 751.00 0.003191 240 0.102691 77.12
2072 78 751.00 0.002961 222 0.099700 74.87
2073 79 751.00 0.002748 2.06 0.096796 72.69
2074 80 751.00 0.002550 1.92 0.093977 70.58
2075 81 751.00 0.002367 1.78 0.091240 68.52
1995 FINAL EIS A-43



A

Irrigation Appendix

Table A-2. Annual Equivalent Increased Pumping Cost - Agr. Pumpers — John Day

- CONT
Pref, Alt — CONT
Implementation year = 1998
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
gne:l; :li P;(gerct Pilr:lcll?egs“es ¥ Wl;;tﬁel?;ct Wfrltf—el(lltost WI(::'telsleII?l:uct W(f’lzf\s—elgost
$000 @7.75% colexd @3% colexf
2076 82 751.00 0.002197 1.65 0.088582 66.53
2077 83 751.00 0.002039 1.53 0.086002 64.59
2078 84 15,091.00 0.001892 28.55 0.083497 1260.06
2079 85 751.00 0.001756 132 0.081065 60.88
2080 86 751.00 0.001630 1.22 0.078704 59.11
2081 87 751.00 0.001513 1.14 0.076412 5739
2082 88 751.00 0.001404 1.05 0.074186 55.71
2083 89 751.00 0.001303 0.98 0.072026 54.09
2084 90 751.00 0.001209 0.91 0.069928 52.52
2085 91 751.00 0.001122 0.84 0.067891 50.99
2086 92 751.00 0.001041 0.78 0.065914 49.50
2087 93 751.00 0.000966 0.73 0.063994 48.06
2088 94 751.00 0.000897 0.67 0.062130 46.66
2089 95 751.00 0.000832 0.63 0.060320 4530
2090 96 751.00 0.000773 0.58 0.058563 43.98
2091 97 751.00 0.000717 0.54 0.056858 42.70
2092 98 751.00 0.000665 0.50 0.055202 41.46
2093 99 751.00 0.000618 0.46 0.053594 40.25
2094 100 751.00 0.000573 0.43 0.052033 39.08
Sum of PW 21,454.98 Sum of PW 48,667.44
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 1,663.715 An. Equiv = 1,540.162
A-44 FINAL EIS 1995



Irrigation Appendix

A

Table A-3. Annual Equivalent Increased Pumping Cost ~ M&l Pumpers — Lower Snake

SOS5b

Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

I; :l; :12 P;ge:t P}',:':fef:f ' Wlt:;teislelli‘l;ct Wfr‘t.;sflgost WP;;tels\eIl«“;ct WoPrlt‘;st(ll‘tost
$000 @7.75% colexd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 1 0.00 0.439957 0.00 0.722421 0.00
2006 12 0.00 0.408312 0.00 0.701380 0.00
2007 13 0.00 0.378944 0.00 0.680951 0.00
2008 14 0.00 0.351688 0.00 0.661118 0.00
2009 15 0.00 0.326393 0.00 0.641862 0.00
2010 16 6,885.00 0.302917 2,085.58 0.623167 4290.50
2011 17 337.00 0.281129 94.74 0.605016 203.89
2012 18 337.00 0.260909 87.93 0.587395 197.95
2013 19 337.00 0.242143 81.60 0.570286 192.19
2014 20 337.00 0.224727 75.73 0.553676 186.59
2015 21 337.00 0.208563 70.29 0.537549 181.15
2016 22 337.00 0.193562 65.23 0.521893 175.88
2017 23 337.00 0.179640 60.54 0.506692 170.76
2018 24 337.00 0.166719 56.18 0.491934 165.78
2019 25 337.00 0.154728 52.14 0.477606 160.95
2020 26 337.00 0.143599 48.39 0.463695 156.27
2021 27 337.00 0.133270 4491 0.450189 151.71
1995 FINAL EIS A-45



A

Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers - Lower Snake

- CONT
SOS5b — CONT
Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l;:ll; P;g.;e:t Pill:l:gegsoes ‘ WP;;telsleIlTl;ct W(?rlt?fl(lltost W};;telsleli“‘ztact W(})rzﬁsfl(ll‘tost

$000 @7.75% colexd @3% colexf
2022 28 337.00 0.123685 41.68 0.437077 147.29
2023 29 337.00 0.114789 38.68 0.424346 143.00
2024 30 337.00 0.106532 35.90 0.411987 138.84
2025 31 337.00 0.098870 33.32 0.399987 134.80
2026 32 337.00 0.091759 30.92 0.388337 130.87
2027 33 337.00 0.085159 28.70 0.377026 127.06
2028 34 337.00 0.079034 26.63 0.366045 123.36
2029 35 337.00 0.073349 24.72 0.355383 119.76
2030 36 6,885.00 0.068073 468.69 0.345032 2375.55
2031 37 337.00 0.063177 21.29 0.334983 112.89
2032 38 337.00 0.058633 19.76 0.325226 109.60
2033 39 337.00 0.054416 18.34 0.315754 106.41
2034 40 337.00 0.050502 17.02 0.306557 103.31
2035 41 337.00 0.046870 15.80 0.297628 100.30
2036 42 337.00 0.043499 14.66 0.288959 9738
2037 43 337.00 0.040370 13.60 0.280543 94.54
2038 44 337.00 0.037466 12.63 0.272372 91.79
2039 45 337.00 0.034771 11.72 0.264439 89.12
2040 46 337.00 0.032270 10.88 0.256737 86.52
2041 47 337.00 0.029949 10.09 0.249259 84.00
2042 48 337.00 0.027795 9.37 0.241999 81.55
2043 49 337.00 0.025796 8.69 0.234950 79.18
2044 50 337.00 0.023941 8.07 0.228107 76.87
2045 51 337.00 0.022219 7.49 0.221463 74.63
2046 52 337.00 0.020621 6.95 0.215013 72.46
2047 53 337.00 0.019137 6.45 0.208750 70.35
2048 54 337.00 0.017761 5.99 0.202670 68.30

A-46 FINAL EIS 1995



Irrigation Appendix

A

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers — Lower Snake

— CONT
SOS5b — CONT

Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

I: :l; :li P{{g_;e:t Pill:]:?egg ¥ Wr;:tels:e;?l;ct WoPrlt‘gs-fIgost WPorrtels;ellTl;ct W:)rlt.;sf!(ll‘tost
$000 @7.75% colcxd @3% colcxf
2049 55 337.00 0.016484 555 0.196767 66.31
2050 56 6,885.00 0.015298 105.33 0.191036 1315.28
2051 57 337.00 0.014198 4.78 0.185472 62.50
2052 58 337.00 0.013176 444 0.180070 60.68
2053 59 337.00 0.012229 412 0.174825 58.92
2054 60 337.00 0.011349 3.82 0.169733 57.20
2055 61 337.00 0.010533 355 0.164789 5553
2056 62 337.00 0.009775 3.29 0.159990 53.92
2057 63 337.00 0.009072 3.06 0.155330 52.35
2058 64 337.00 0.008420 2.84 0.150806 50.82
2059 65 337.00 0.007814 2.63 0.146413 49.34
2060 66 337.00 0.007252 244 0.142149 47.90
2061 67 337.00 0.006730 227 0.138009 46.51
2062 68 337.00 0.006246 211 0.133989 45.15
2063 69 337.00 0.005797 195 0.130086 43.84
2064 70 337.00 0.005380 1.81 0.126297 42.56
2065 71 337.00 0.004993 1.68 0.122619 41.32
2066 72 337.00 0.004634 1.56 0.119047 40.12
2067 73 337.00 0.004301 145 0.115580 38.95
2068 74 337.00 0.003991 135 0.112214 37.82
2069 75 337.00 0.003704 1.25 0.108945 36.71
2070 76 6,885.00 0.003438 23.67 0.105772 728.24
2071 77 337.00 0.003191 1.08 0.102691 34.61
2072 78 337.00 0.002961 1.00 0.099700 33.60
2073 79 337.00 0.002748 0.93 0.096796 32.62
2074 80 337.00 0.002550 0.86 0.093977 31.67
2075 81 337.00 0.002367 0.80 0.091240 30.75
1995 FINAL EIS A-47



A

Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost - M&l Pumpers — Lower Snake

-~ CONT
SOS5b — CONT
Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
doaro | proer | P ot | Pt T et [ | vt
$000 @7.75% colcxd @3% colex f
2076 82 337.00 0.002197 0.74 0.088582 29.85
2077 83 337.00 0.002039 0.69 0.086002 28.98
2078 84 337.00 0.001892 0.64 0.083497 28.14
2079 85 337.00 0.001756 0.59 0.081065 27.32
2080 86 337.00 0.001630 0.55 0.078704 26.52
2081 87 337.00 0.001513 0.51 0.076412 25.75
2082 88 337.00 0.001404 0.47 0.074186 25.00
2083 89 337.00 0.001303 0.44 0.072026 2427
2084 90 337.00 0.001209 0.41 0.069928 2357
2085 91 337.00 0.001122 0.38 0.067891 22.88
2086 92 337.00 0.001041 0.35 0.065914 2221
2087 93 337.00 0.000966 0.33 0.063994 2157
2088 94 337.00 0.000897 0.30 0.062130 20.94
2089 95 337.00 0.000832 0.28 0.060320 20.33
2090 96 6,885.00 0.000773 532 0.058563 403.21
2091 97 337.00 0.060717 0.24 0.056858 19.16
2092 98 337.00 0.000665 0.22 0.055202 18.60
2093 99 337.00 0.000618 0.21 0.053594 18.06
2094 100 337.00 0.000573 0.19 0.052033 1754
Sum of PW 3,973.78 Sum of PW 15,292.49
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 308.144 An. Equiv = 483.956
A-48 FINAL EIS 1995



Irrigation Appendix

A

Table A-3. Annual Equivalent Increased Pumping Cost ~ M&I Pumpers — Lower Snake

- CONT
S0S5¢

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

oot | proer | ot | et P T et | oo Gon
$000 @1.75% colcxd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 6,924.00 0.638993 4,424.39 0.837484 5798.74
2001 7 376.00 0.593033 222.98 0.813092 305.72
2002 8 376.00 0.550379 206.94 0.789409 296.82
2003 9 376.00 0.510792 192.06 0.766417 288.17
2004 10 376.00 0.474053 178.24 0.744094 279.78
2005 11 376.00 0.439957 165.42 0.722421 271.63
2006 12 376.00 0.408312 153.53 0.701380 263.72
2007 13 376.00 0.378944 142.48 0.680951 256.04
2008 14 376.00 0.351688 13223 0.661118 248.58
2009 15 376.00 (.326393 122.72 0.641862 241.34
2010 16 376.00 0.302917 113.90 0.623167 23431
2011 17 376.00 0.281129 105.70 0.605016 22749
2012 18 376.00 0.260909 98.10 0.587395 220.86
2013 19 376.00 0.242143 91.05 0.570286 214.43
2014 20 376.00 0.224727 84.50 0.553676 208.18
2015 21 376.00 0.208563 78.42 0.537549 202.12
2016 22 376.00 0.193562 72.78 0.521893 196.23
2017 23 376.00 0.179640 67.54 0.506692 190.52
2018 24 376.00 0.166719 62.69 0.491934 184.97
2019 25 376.00 0.154728 58.18 0.477606 179.58
2020 26 6,924.00 0.143599 994.28 0.463695 3210.62
2021 27 376.00 0.133270 50.11 0.450189 169.27
1995 FINAL EIS A-49
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Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers — Lower Snake

- CONT

SOS5¢c — CONT

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
vt | e | TmnCot | Bt [ B Bt |t
$000 @7.75% colexd @3% colcxf
2022 28 376.00 0.123685 46.51 0.437077 164.34
2023 29 376.00 0.114789 43.16 0.424346 159.55
2024 30 376.00 0.106532 40.06 0.411987 15491
2025 31 376.00 0.098870 37.18 0.399987 150.40
2026 32 376.00 0.091759 34.50 0.388337 146.01
2027 33 376.00 0.085159 32.02 0.377026 141.76
2028 34 376.00 0.079034 29.72 0.366045 137.63
2029 35 376.00 0.073349 27.58 0.355383 133.62
2030 36 376.00 0.068073 25.60 0.345032 129.73
2031 37 376.00 0.063177 23.75 0.334983 125.95
2032 38 376.00 0.058633 22.05 0.325226 122.29
2033 39 376.00 0.054416 20.46 0.315754 118.72
2034 40 376.00 0.050502 18.99 0.306557 115.27
2035 41 376.00 0.046870 17.62 0.297628 11191
2036 42 376.00 0.043499 16.36 0.288959 108.65
2037 43 376.00 0.040370 15.18 0.280543 105.48
2038 44 376.00 0.037466 14.09 0.272372 102.41
2039 45 376.00 0.034771 13.07 0.264439 99.43
2040 46 6,924.00 0.032270 223.44 0.256737 1777.64
2041 47 376.00 0.029949 1126 0.249259 93.72
2042 48 376.00 0.027795 1045 0.241999 90.99
2043 49 376.00 0.025796 9.70 0.234950 88.34
2044 50 376.00 0.023941 9.00 0.228107 85.77
2045 51 376.00 0.022219 8.35 0.221463 8327
2046 52 376.00 0.020621 7.75 0.215013 80.84
2047 53 376.00 0.019137 720 0.208750 78.49
2048 54 376.00 0.017761 6.68 0.202670 76.20
A-50 FINAL EIS 1995



Irrigation Appendix

A

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers - Lower Snake

~ CONT
SOS5c — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
I: :l;:ig P{(g’;‘ct P;lr:[cl?egso: ' WI;;telsleIl?l;ct W(})rlt'gsfl(lltost Wr;f'telslell?‘;ct W(})rl;;s—eiétt)st
$000 @17.75% colcxd @3% colexf
2049 55 376.00 0.016484 6.20 0.196767 73.98
2050 56 376.00 0.015298 5.75 0.191036 71.83
2051 57 376.00 0.014198 534 0.185472 69.74
2052 58 376.00 0.013176 495 0.180070 67.71
2053 59 376.00 0.012229 4.60 0.174825 65.73
2054 60 376.00 0.011349 4.27 0.169733 63.82
2055 61 376.00 0.010533 3.96 0.164789 61.96
2056 62 376.00 0.009775 3.68 0.159990 60.16
2057 63 376.00 0.009072 341 0.155330 58.40
2058 64 376.00 0.008420 3.17 0.150806 56.70
2059 65 376.00 0.007814 2.94 0.146413 55.05
2060 66 6,924.00 0.007252 50.21 0.142149 984.24
2061 67 376.00 0.006730 253 0.138009 51.89
2062 68 376.00 0.006246 2.35 0.133989 50.38
2063 69 376.00 0.005797 2.18 0.130086 48.91
2064 70 376.00 0.005380 2.02 0.126297 47.49
2065 71 376.00 0.004993 1.88 0.122619 46.10
2066 72 376.00 0.004634 1.74 0.119047 44.76
2067 73 376.00 0.004301 1.62 0.115580 43.46
2068 74 376.00 0.003991 1.50 0.112214 42.19
2069 75 376.00 0.003704 1.39 0.108945 40.96
2070 76 376.00 0.003438 1.29 0.105772 39.77
2071 77 376.00 0.003191 1.20 0.102691 38.61
2072 78 376.00 0.002961 11 0.099700 37.49
2073 79 376.00 0.002748 1.03 0.096796 36.40
2074 80 376.00 0.002550 0.96 0.093977 3534
2075 81 376.00 0.002367 0.89 0.091240 3431
1995 FINAL EIS A-51




A

Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers — Lower Snake

— CONT
SOS5¢c — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:lg':lg P“}Z‘Le:t Pill:l;t[')egso: ¥ W?)f'telslell"l;ct Wfrlt‘:lsfl(‘ltost Wlt;rrtelslell"l;ct W(Fr.t‘:ls flgost
$000 @17.75% colexd @3% colexf
2076 82 376.00 0.002197 0.83 0.088582 3331
2077 83 376.00 0.002039 0.77 0.086002 3234
2078 84 376.00 0.001892 0.71 0.083497 3140
2079 85 376.00 0.001756 0.66 0.081065 3048
2080 86 6,924.00 0.001630 11.28 0.078704 544.95
2081 87 376.00 0.001513 0.57 0.076412 28.73
2082 88 376.00 0.001404 0.53 0.074186 27.89
2083 89 376.00 0.001303 0.49 0.072026 27.08
2084 90 376.00 0.001209 0.45 0.069928 26.29
2085 91 376.00 0.001122 0.42 0.067891 25.53
2086 92 376.00 0.001041 0.39 0.065914 24.78
2087 93 376.00 0.000966 0.36 0.063994 24.06
2088 94 376.00 0.000897 0.34 0.062130 23.36
2089 95 376.00 0.000832 0.31 0.060320 22.68
2090 96 376.00 0.000773 0.29 0.058563 2202
2091 97 376.00 0.000717 0.27 0.056858 21.38
2092 98 376.00 0.000665 0.25 0.055202 20.76
2093 99 376.00 0.000618 0.23 0.053594 20.15
2094 100 376.00 0.000573 0.22 0.052033 19.56
Sum of PW 8,731.51 Sum of PW 21,806.60
100 yr Amtz @7.75 0.07754444 Amtz @3 % 0.03164667
An. Equiv = 677.080 An. Equiv = 690.106
A-52 FINAL EIS 1995



Irrigation Appendix

A

Table A-3. Annual Equivalent Increased Pumping Cost — M&I Pumpers — Lower Snake

~ CONT
SOS6b

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

g A AR =Y
$000 @7.75% colexd @3% colexf

1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 4,664.00 0.439957 2,051.96 0.722421 3369.37
2006 12 226.00 0.408312 92.28 0.701380 158.51
2007 13 226.00 0.378944 85.64 0.680951 153.90
2008 14 226.00 0.351688 79.48 0.661118 149.41
2009 15 226.00 0.326393 73.76 0.641862 145.06
2010 16 226.00 0.302917 68.46 0.623167 140.84
2011 17 226.00 0.281129 63.54 0.605016 136.73
2012 18 226.00 0.260909 58.97 0.587395 132.75
2013 19 226.00 0.242143 54.72 0.570286 128.88
2014 20 226.00 0.224727 50.79 0.553676 125.13
2015 21 226.00 0.208563 47.14 0.537549 121.49
2016 22 226.00 0.193562 43.74 0.521893 117.95
2017 23 226.00 0.179640 40.60 0.506692 114.51
2018 24 226.00 0.166719 37.68 0.491934 111.18
2019 25 226.00 0.154728 34.97 0.477606 107.94
2020 26 226.00 0.143599 3245 0.463695 104.80
2021 27 226.00 0.133270 30.12 0.450189 101.74

1995

FINAL EIS

A-53
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Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers ~ Lower Snake

— CONT
SOS6b — CONT

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

:ne:l;:; P;gerct P;l;gll')egso: ' Wﬁf'telsle{?‘;ct W(f)r;fls—ergost WPo;tels;eI““;ct W(frlt‘;sfl(lltost
$060 @7.75% colexd @3% colexf
2022 28 226.00 0.123685 27.95 0.437077 98.78
2023 29 226.00 0.114789 25.94 0.424346 95.90
2024 30 226.00 0.106532 2408 0.411987 93.11
2025 31 4,664.00 0.098870 461.13 0.399987 1865.54
2026 32 226.00 0.091759 20.74 0.388337 87.76
2027 33 226.00 0.085159 19.25 0.377026 85.21
2028 34 226.00 0.079034 17.86 0.366045 82.73
2029 35 226.00 0.073349 16.58 0.355383 80.32
2030 36 226.00 0.068073 15.38 0.345032 77.98
2031 37 226.00 0.063177 14.28 0.334983 75.71
2032 38 226.00 0.058633 13.25 0.325226 73.50
2033 39 226.00 0.054416 1230 0.315754 71.36
2034 40 226.00 0.050502 11.41 0.306557 69.28
2035 41 226.00 0.046870 10.59 0.297628 67.26
2036 42 226.00 0.043499 9.83 0.288959 6530
2037 43 226.00 0.040370 9.12 0.280543 63.40
2038 44 226.00 0.037466 8.47 0.272372 61.56
2039 45 226.00 0.034771 7.86 0.264439 59.76
2040 46 226.00 0.032270 7.29 0.256737 58.02
2041 47 226.00 0.029949 6.77 0.249259 56.33
2042 48 226.00 0.027795 6.28 0.241999 54.69
2043 49 226.00 0.025796 5.83 0.234950 53.10
2044 50 226.00 0.023941 541 0.228107 51.55
2045 51 4,664.00 0.022219 103.63 0.221463 1032.90
2046 52 226.00 0.020621 4.66 0.215013 48.59
2047 53 226.00 0.019137 433 0.208750 47.18
2048 54 226.00 0.017761 4.01 0.202670 45.80
A-54 FINAL EIS 1995
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A

Table A-3. Annual Equivalent Increased Pumping Cost - M&l Pumpers - Lower Snake

~ CONT
SOS6b ~ CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
2(: :l; :It; P{-Z‘L‘:,ct P;lr:lclll')egsoes ' Wl;:'telslell“l;ct W«frl;;sflgost Wﬁf'teflell?‘;ct W(})rl;;sfl(l'ltost
$000 @7.75% colcxd @3% colexf
2049 55 226.00 0.016484 3.73 0.196767 44.47
2050 56 226.00 0.015298 3.46 0.191036 4317
2051 57 226.00 0.014198 3.21 0.185472 41.92
2052 58 226.00 0.013176 2.98 0.180070 40.70
2053 59 226.00 0.012229 2.76 0.174825 39.51
2054 60 226.00 0.011349 256 0.169733 38.36
2055 61 226.00 0.010533 2.38 0.164789 3724
2056 62 226.00 0.009775 221 0.159990 36.16
2057 63 226.00 0.009072 2.05 0.155330 35.10
2058 64 226.00 0.008420 190 0.150806 34.08
2059 65 226.00 0.007814 1.77 0.146413 33.09
2060 66 226.00 0.007252 1.64 0.142149 32.13
2061 67 226.00 0.006730 152 0.138009 31.19
2062 68 226.00 0.006246 141 0.133989 30.28
2063 69 226.00 0.005797 1.31 0.130086 29.40
2064 70 226.00 0.005380 1.22 0.126297 28.54
2065 71 4,664.00 0.004993 23.29 0.122619 571.89
2066 72 226.00 0.004634 1.05 0.119047 26.90
2067 73 226.00 0.004301 0.97 0.115580 26.12
2068 74 226.00 0.003991 0.90 0.112214 2536
2069 75 226.00 0.003704 0.84 0.108945 24.62
2070 76 226.00 0.003438 0.78 0.105772 23.90
2071 77 226.00 0.003191 0.72 0.102691 2321
2072 78 226.00 0.002961 0.67 0.099700 2253
2073 79 226.00 0.002748 0.62 0.096796 21.88
2074 80 226.00 0.002550 0.58 0.093977 21.24
2075 81 226.00 0.002367 0.53 0.091240 20.62
1995 FINAL EIS A-55
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Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost - M&l Pumpers — Lower Snake

- CONT
SOS6b — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l;:ii P;zie:t Pill:lcl?egs‘?t Wr;;teisleé‘l;ct WoPrlt';s-SI(‘L‘tost WP;:telsleI?;ct Wc})rtrﬁs-e-lgost
$000 @7.75% colexd @3% colexf
2076 82 226.00 0.002197 0.50 0.088582 20.02
2077 83 226.00 0.002039 0.46 0.086002 19.44
2078 84 226.00 0.001892 0.43 0.083497 18.87
2079 85 226.00 0.001756 0.40 0.081065 18.32
2080 86 226.00 0.001630 0.37 0.078704 17.79
2081 87 226.00 0.001513 0.34 0.076412 17.27
2082 88 226.00 0.001404 0.32 0.074186 16.77
2083 89 226.00 0.001303 0.29 0.072026 16.28
2084 90 226.00 0.001209 0.27 0.069928 15.80
2085 91 4,664.00 0.001122 523 0.067891 316.64
2086 92 226.00 0.001041 0.24 0.065914 14.90
2087 93 226.00 0.000966 0.22 0.063994 14.46
2088 94 226.00 0.000897 0.20 0.062130 14.04
2089 95 226.00 0.000832 0.19 0.060320 13.63
2090 96 226.00 0.000773 0.17 0.058563 13.24
2091 97 226.00 0.000717 0.16 0.056858 12.85
2092 98 226.00 0.000665 0.15 0.055202 1248
2093 99 226.00 0.000618 0.14 0.053594 12.11
2094 100 226.00 0.000573 0.13 0.052033 11.76
Sum of PW 3,897.79 Sum of PW 12,023.11
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 302.252 An. Equiv = 380.491
A-56 FINAL EIS 1995
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A

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers — Lower Snake

- CONT
SOS6d

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

Yearot | Project | LA | WorFact | WorthCost | WorthFact | WartheCost
$000 @7.75% colcxd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 3,133.00 0.638993 2,001.97 0.837484 2623.84
2001 7 150.00 0.593033 88.95 0.813092 121.96
2002 8 150.00 0.550379 82.56 0.789409 11841
2003 9 150.00 0.510792 76.62 0.766417 114.96
2004 10 150.00 0.474053 7111 0.744094 111.61
2005 1 150.00 0.439957 65.99 0.722421 108.36
2006 12 150.00 0.408312 61.25 0.701380 105.21
2007 13 150.00 0.378944 56.84 0.680951 102.14
2008 14 150.00 0.351688 5275 0.661118 99.17
2009 15 150.00 0.326393 48.96 0.641862 96.28
2010 16 150.00 0.302917 45.44 0.623167 93.48
2011 17 150.00 0.281129 4217 0.605016 90.75
2012 18 150.00 0.260909 39.14 0.587395 88.11
2013 19 150.00 0.242143 36.32 0.570286 8554
2014 20 150.00 0.224727 33.71 0.553676 83.05
2015 21 150.00 0.208563 31.28 0.537549 80.63
2016 22 150.00 0.193562 29.03 0.521893 78.28
2017 23 150.00 0.179640 26.95 0.506692 76.00
2018 24 150.00 0.166719 25.01 0.491934 73.79
2019 25 150.00 0.154728 2321 0.477606 71.64
2020 26 3,133.00 0.143599 449.89 0.463695 1452.76
2021 27 150.00 0.133270 19.99 0.450189 67.53
1995 FINAL EIS A-57
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Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost — M&I Pumpers — Lower Snake

— CONT
SOS6d — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B Cc D E F G
Yoot | poe | RmmCost | Broet [ e | et |l
$000 @17.75% colcxd @3% colexf
2022 28 150.00 0.123685 18.55 0.437077 65.56
2023 29 150.00 0.114789 17.22 0.424346 63.65
2024 30 150.00 0.106532 15.98 0.411987 61.80
2025 31 150.00 0.098870 14.83 0.399987 60.00
2026 32 150.00 0.091759 13.76 0.388337 58.25
2027 33 150.00 0.085159 12.77 0.377026 56.55
2028 34 150.00 0.079034 11.86 0.366045 54.91
2029 35 150.00 0.073349 11.00 0.355383 53.31
2030 36 150.00 0.068073 10.21 0.345032 51.75
2031 37 150.00 0.063177 9.48 0.334983 50.25
2032 38 150.00 0.058633 8.79 0.325226 48.78
2033 39 150.00 0.054416 8.16 0.315754 4736
2034 40 150.00 0.050502 7.58 0.306557 4598
2035 41 150.00 0.046870 7.03 0.297628 44.64
2036 42 150.00 0.043499 6.52 0.288959 4334
2037 43 150.00 0.040370 6.06 0.280543 42.08
2038 44 150.00 0.037466 5.62 0.272372 40.86
2039 45 150.00 0.034771 522 0.264439 39.67
2040 46 3,133.00 0.032270 101.10 0.256737 804.36
2041 47 150.00 0.029949 4.49 0.249259 37.39
2042 48 150.00 0.027795 417 0.241999 36.30
2043 49 150.00 0.025796 3.87 0.234950 3524
2044 50 150.00 0.023941 3.59 0.228107 3422
2045 51 150.00 0.022219 3.33 0.221463 3322
2046 52 150.00 0.020621 3.09 0.215013 3225
2047 53 150.00 0.019137 2.87 0.208750 31.31
2048 54 150.00 0.017761 2.66 0.202670 3040
A-58 FINAL EIS 1995
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Table A-3. 'Annual Equivalent Increased Pumping Cost — M&l Pumpers — Lower Snake

- CONT
SOS6d — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
:ne:l;:li P{,gict annclll')e;::es ' Wlt::telslel"‘l;ct Wfrlt‘?lsflgost Wl;;teﬁell?l;ct Woprlt.ﬁs—elétost
$000 @17.75% colexd @3% colexf
2049 55 150.00 0.016484 247 0.196767 29.52
2050 56 150.00 0.015298 2.29 0.191036 28.66
2051 57 150.00 0.014198 213 0.185472 27.82
2052 58 150.00 0.013176 1.98 0.180070 27.01
2053 59 150.00 0.012229 1.83 0.174825 26.22
2054 60 150.00 - 0.011349 1.70 0.169733 25.46
2055 61 150.00 0.010533 1.58 0.164789 24.72
2056 62 150.00 0.009775 147 0.159990 24.00
2057 63 150.00 0.009072 1.36 0.155330 23.30
2058 64 150.00 0.008420 1.26 0.150806 22.62
2059 65 150.00 0.007814 1.17 0.146413 21.96
2060 66 3,133.00 0.007252 22.72 0.142149 44535
2061 67 150.00 0.006730 1.01 0.138009 20.70
2062 68 150.00 0.006246 0.94 0.133989 20.10
2063 69 150.00 0.005797 0.87 0.130086 19.51
2064 70 150.00 0.005380 0.81 0.126297 18.94
2065 71 150.00 0.004993 0.75 0.122619 18.39
2066 72 150.00 0.004634 0.70 0.119047 17.86
2067 73 150.00 0.004301 0.65 0.115580 17.34
2068 74 150.00 0.003991 0.60 0.112214 16.83
2069 75 150.00 0.003704 0.56 0.108945 16.34
2070 76 150.00 0.003438 0.52 0.105772 15.87
207 77 150.00 0.003191 0.48 0.102691 15.40
2072 78 150.00 0.002961 0.44 0.099700 14.96
2073 79 150.00 0.002748 0.41 0.096796 14.52
2074 80 150.00 0.002550 0.38 0.093977 14.10
2075 81 150.00 0.002367 0.36 0.091240 13.69
1995 FINAL EIS A-59
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Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers — Lower Snake

- CONT
SOS6d — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
gne:l; :12 P{{ge:t Pilnnclll"eacsoest WI;;telsleII“l;ct W()l’r:;sflét()st ngf'telslell"l;ct W:)r;fxsflgost
$000 @7.75% colexd @3% colexf
2076 82 150.00 0.002197 0.33 0.088582 13.29
2077 83 150.00 0.002039 0.31 0.086002 12.90
2078 84 150.00 0.001892 0.28 0.083497 12.52
2079 85 150.00 0.001756 0.26 0.081065 12.16
2080 86 3,133.00 0.001630 511 0.078704 246.58
2081 87 150.00 0.001513 0.23 0.076412 11.46
2082 88 150.00 0.001404 0.21 0.074186 11.13
2083 89 150.00 0.001303 0.20 0.072026 10.80
2084 90 150.00 0.001209 0.18 0.069928 10.49
2085 91 150.00 0.001122 0.17 0.067891 10.18
2086 92 150.00 0.001041 0.16 0.065914 9.89
2087 93 150.00 0.000966 0.14 0.063994 9.60
2088 94 150.00 0.000897 0.13 0.062130 9.32
2089 95 150.00 0.000832 0.12 0.060320 9.05
2090 96 150.00 0.000773 0.12 0.058563 8.78
2091 97 150.00 0.000717 0.11 0.056858 8.53
2092 98 150.00 0.000665 0.10 0.055202 8.28
2093 99 150.00 0.000618 0.09 0.053594 8.04
2094 100 150.00 0.000573 0.09 0.052033 7.80
Sum of PW 3,788.73 Sum of PW 9,358.95
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 293.795 An. Equiv = 296.179
A-60 FINAL EIS 1995
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A

Table A-3. Annual Equivalent Increased Pumping Cost - M&l Pumpers — Lower Snake

- CONT
SOS9a

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

I::&::; P{{zjae:t Pill:lclx?efs(:a“ WI(::'telsle}li‘l;ct W(Frlt‘ffl(‘ltost WI;:teistell?l;ct W(f,rlt'flsfl(‘itost
$000 @7.75% colcxd @3% colcxf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 4,652.00 0.439957 2,046.68 0.722421 3360.70
2006 12 225.00 0.408312 91.87 0.701380 157.81
2007 13 225.00 0.378944 85.26 0.680951 153.21
2008 14 22500 0.351688 79.13 0.661118 148.75
2009 15 225.00 0.326393 7344 0.641862 144.42
2010 16 225.00 0.302917 68.16 0.623167 140.21
2011 17 225.00 0.281129 63.25 0.605016 136.13
2012 18 225.00 0.260909 58.70 0.587395 132.16
2013 19 225.00 0.242143 5448 0.570286 128.31
2014 20 225.00 0.224727 50.56 0.553676 124.58
2015 21 225.00 0.208563 46.93 0.537549 120.95
2016 22 225.00 0.193562 43.55 0.521893 117.43
2017 23 225.00 0.179640 40.42 0.506692 114.01
2018 24 225.00 0.166719 3751 0.491934 110.69
2019 25 225.00 0.154728 34.81 0.477606 107.46
2020 26 225.00 0.143599 3231 0.463695 104.33
2021 27 225.00 0.133270 29.99 0.450189 101.29
1995 FINAL EIS A-61
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Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost — M&I Pumpers — Lower Snake

- CONT
SOS9a — CONT

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

oot | pree | FmpCost | Pree | Proen [ et I Rt
$000 @7.75% colcxd @3% colexf
2022 28 225.00 0.123685 27.83 0.437077 98.34
2023 29 225.00 0.114789 25.83 0.424346 95.48
2024 30 225.00 0.106532 23.97 0.411987 92.70
2025 31 4,652.00 0.098870 459.94 0.399987 1860.74
2026 32 225.00 0.091759 20.65 0.388337 87.38
2027 33 225.00 0.085159 19.16 0.377026 84.83
2028 34 225.00 0.079034 17.78 0.366045 82.36
2029 35 225.00 0.073349 16.50 0.355383 79.96
2030 36 225.00 0.068073 15.32 0.345032 77.63
2031 37 225.00 0.063177 14.21 0.334983 75.37
2032 38 225.00 0.058633 13.19 0.325226 73.18
2033 39 22500 0.054416 12.24 0.315754 71.04
2034 40 225.00 0.050502 11.36 0.306557 68.98
2035 41 225.00 0.046870 10.55 0.297628 66.97
2036 42 225.00 0.043499 9.79 0.288959 65.02
2037 43 225.00 0.040370 9.08 0.280543 63.12
2038 44 225.00 0.037466 8.43 0.272372 61.28
2039 45 225.00 0.034771 7.82 0.264439 59.50
2040 46 225.00 0.032270 7.26 0.256737 57.11
2041 47 225.00 0.029949 6.74 0.249259 56.08
2042 48 225.00 0.027795 6.25 0.241999 54.45
2043 49 225.00 0.025796 5.80 0.234950 52.86
2044 50 225.00 0.023941 5.39 0.228107 5132
2045 51 4,652.00 0.022219 103.36 0.221463 1030.25
2046 52 225.00 0.020621 4.64 0.215013 48.38
2047 53 225.00 0.019137 4.31 0.208750 46.97
2048 54 225.00 0.017761 4.00 0.202670 45.60
A-62 FINAL EIS 1995
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Irrigation Appendix

A

Table A-3. Annual Equivalent Increased Pumping Cost - M&l Pumpers — Lower Snake

~ CONT
S0S9a — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Jearof | Project | TGl | WorhRact | Worth-Cost | Worih Fact | WorthCost
$000 @17.75% colexd @3% colcxf
2049 55 225.00 0.016484 3 0.196767 4427
2050 56 225.00 0.015298 3.44 0.191036 42.98
2051 57 225.00 0.014198 3.19 0.185472 41.73
2052 58 225.00 0.013176 2.96 0.180070 40.52
2053 59 225.00 0.012229 275 0.174825 3934
2054 60 225.00 0.011349 2.55 0.169733 38.19
2055 61 225.00 0.010533 2.37 0.164789 37.08
2056 62 225.00 0.009775 220 0.159990 36.00
2057 63 225.00 0.0609072 2.04 0.155330 34.95
2058 64 225.00 0.008420 1.89 0.150806 3393
2059 65 225.00 0.007814 1.76 0.146413 32.94
2060 66 22500 0.007252 1.63 0.142149 3198
2061 67 225.00 0.006730 1.51 0.138009 31.05
2062 68 225.00 0.006246 141 0.133989 30.15
2063 69 225.00 0.005797 1.30 0.130086 2927
2064 70 225.00 0.005380 121 0.126297 2842
2065 71 4,652.00 0.004993 23.23 0.122619 570.42
2066 72 225.00 0.004634 1.04 0.119047 26.79
2067 73 225.00 0.004301 0.97 0.115580 26.01
2068 74 225.00 0.003991 0.90 0.112214 2525
2069 75 22500 0.003704 0.83 0.108945 2451
2070 76 225.00 0.003438 0.77 0.105772 23.80
2071 77 225.00 0.003191 0.72 0.102691 2311
2072 78 225.00 0.002961 0.67 0.099700 2243
2073 79 225.00 0.002748 0.62 0.096796 21.78
2074 80 225.00 0.002550 0.57 0.093977 21.14
2075 81 225.00 0.002367 0.53 0.091240 20.53
1995 FINAL EIS A-63
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Irrigation Appendix

Table A-3. Annual Equivalent Increased Pumping Cost - M&l Pumpers — Lower Snake

— CONT
S0S9%9a — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l;;g P{%Lerct Pilnnclll')egs:z“ WPo;telsleII«‘l;ct Wféﬁsflgost W};;tels\ell"latuct Wféﬁsflétost
$000 @17.75% colexd @3% colexf
2076 82 225.00 0.002197 0.49 0.088582 19.93
2077 83 225.00 0.002039 0.46 0.086002 19.35
2078 84 225.00 0.001892 0.43 0.083497 18.79
2079 85 225.00 0.001756 0.40 0.081065 18.24
2080 86 225.00 0.001630 0.37 0.078704 17.71
2081 87 225.00 0.001513 0.34 0.076412 17.19
2082 88 225.00 0.001404 0.32 0.074186 16.69
2083 89 225.00 0.001303 0.29 0.072026 16.21
2084 90 225.00 0.001209 0.27 0.069928 15.73
2085 91 4,652.00 0.001122 522 0.067891 315.83
2086 92 225.00 0.001041 0.23 0.065914 14.83
2087 93 225.00 0.000966 022 0.063994 14.40
2088 94 225.00 0.000897 0.20 0.062130 13.98
2089 95 225.00 0.000832 0.19 0.060320 13.57
2090 96 225.00 0.000773 0.17 0.058563 13.18
2091 97 225.00 0.000717 0.16 0.056858 12.79
2092 98 225.00 0.060665 0.15 0.055202 12.42
2093 99 225.00 0.000618 0.14 0.053594 12.06
2094 100 225.00 0.000573 0.13 0.052033 11.71
Sum of PW 3,885.44 Sum of PW 11,983.16
100 yr Amtz @7.75 0.07754444 Amtz@3 % 0.03164667
An. Equiv = 301.294 An. Equiv = 379.227
A-64 FINAL EIS 1995
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A

Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers — Lower Snake

- CONT
SOS9c

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

Yeror | proecr | Fpmpoot | Bt | bt Bt | et
$000 @17.75% colcxd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 5,245.00 0.439957 2,307.57 0.722421 3789.10
2006 12 251.00 0.408312 102.49 0.701380 176.05
2007 13 251.00 0.378944 95.12 0.680951 170.92
2008 14 251.00 0.351688 88.27 0.661118 165.94
2009 15 251.00 0.326393 81.92 0.641862 161.11
2010 16 251.00 0.302917 76.03 0.623167 156.41
2011 17 251.00 0.281129 70.56 0.605016 151.86
2012 18 251.00 0.260909 65.49 0.587395 147.44
2013 19 251.00 0.242143 60.78 0.570286 143.14
2014 20 251.00 0.224727 56.41 0.553676 138.97
2015 21 251.00 0.208563 52.35 0.537549 134.92
2016 22 251.00 0.193562 48.58 0.521893 131.00
2017 23 251.00 0.179640 45.09 0.506692 127.18
2018 24 251.00 0.166719 41.85 0.491934 123.48
2019 25 251.00 0.154728 38.84 0.477606 119.88
2020 26 251.00 0.143599 36.04 0.463695 116.39
2021 27 251.00 0.133270 3345 0.450189 113.00
1995 FINAL EIS A-65
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Table A-3. Annual Equivalent Increased Pumping Cost — M&I Pumpers — Lower Snake

- CONT
SOS9c — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
o | praer | Fpmp o [ B P [ Rt | et

$000 @17.75% colexd @3% colcxf
2022 28 251.00 0.123685 31.04 0.437077 109.71
2023 29 251.00 0.114789 28.81 0.424346 106.51
2024 30 251.00 0.106532 26.74 0.411987 103.41
2025 31 5,245.00 0.098870 518.57 0.399987 2097.93
2026 32 251.00 0.091759 23.03 0.388337 9747
2027 33 251.00 0.085159 2137 0.377026 94.63
2028 34 251.00 0.079034 19.84 0.366045 91.88
2029 35 251.00 0.073349 18.41 0.355383 89.20
2030 36 251.00 0.068073 17.09 0.345032 86.60
2031 37 251.00 0.063177 15.86 0.334983 84.08
2032 38 251.00 0.058633 14.72 0.325226 81.63
2033 39 251.00 0.054416 13.66 0.315754 79.25
2034 40 251.00 0.050502 12.68 0.306557 76.95
2035 41 251.00 0.046870 11.76 0.297628 74.70
2036 42 251.00 0.043499 10.92 0.288959 72.53
2037 43 251.00 0.040370 10.13 0.280543 70.42
2038 44 251.00 0.037466 9.40 0.272372 68.37
2039 45 251.00 0.034771 8.73 0.264439 66.37
2040 46 251.00 0.032270 8.10 0.256737 64.44
2041 47 251.00 0.029949 7.52 0.249259 62.56
2042 48 251.00 0.027795 6.98 0.241999 60.74
2043 49 251.00 0.025796 6.47 0.234950 58.97
2044 50 251.00 0.023941 6.01 0.228107 57.25
2045 51 5,245.00 0.022219 116.54 0.221463 1161.57
2046 52 251.00 0.020621 5.18 0.215013 53.97
2047 53 251.00 0.019137 4.80 0.208750 52.40
2048 54 251.00 0.017761 4.46 0.202670 50.87

A-66 FINAL EIS 1995
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Table A-3. Annual Equivalent Increased Pumping Cost — M&l Pumpers ~ Lower Snake

~ CONT
SOS9c — CONT

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

gne:l; ;,lfs P;:.Le:t Pilnncl?egs‘:ast Wﬁ:telslellfl;ct Wfriﬁsfl(lltost Wl;;telslell«‘l;ct Wfrlt.;s-flgost
$000 @7.75% colcxd @3% colexf
2049 55 251.00 0.016484 4.14 0.196767 49.39
2050 56 251.00 0.015298 3.84 0.191036 4795
2051 57 251.00 0.014198 3.56 0.185472 46.55
2052 58 251.00 0.013176 3.31 0.180070 45.20
2053 59 251.00 0.012229 3.07 0.174825 43.88
2054 60 251.00 0.011349 2.85 0.169733 42.60
2055 61 251.00 0.010533 2.64 0.164789 4136
2056 62 251.00 0.009775 245 0.159990 40.16
2057 63 251.00 0.009072 2.28 0.155330 38.99
2058 64 251.00 0.008420 211 0.150806 37.85
2059 65 251.00 0.007814 1.96 0.146413 36.75
2060 66 251.00 0.007252 1.82 0.142149 35.68
2061 67 251.00 0.006730 1.69 0.138009 34.64
2062 68 251.00 0.006246 157 0.133989 33.63
2063 69 251.00 0.005797 1.46 0.130086 32.65
2064 70 251.00 0.005380 1.35 0.126297 31.70
2065 71 5,245.00 0.004993 26.19 0.122619 643.14
2066 72 251.00 0.004634 1.16 0.119047 29.88
2067 73 251.00 0.004301 1.08 0.115580 29.01
2068 74 251.00 0.003991 1.00 0.112214 28.17
2069 75 251.00 0.003704 0.93 0.108945 2735
2070 76 251.00 0.003438 0.86 0.105772 26.55
2071 77 251.00 0.003191 0.80 0.102691 25.78
2072 78 251.00 0.002961 0.74 0.099700 25.02
2073 79 251.00 0.002748 0.69 0.096796 2430
2074 80 251.00 0.002550 0.64 0.093977 2359
2075 81 251.00 0.002367 0.59 0.091240 22.90
1995 FINAL EIS A-67
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Table A-3. Annual Equivalent Increased Pumping Cost — M&Il Pumpers — Lower Snake

— CONT
S0S9¢c — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l; :lt; P]xg;ct Pil:clll')egsoes ' Wﬁ::lslell?l;ct W(})rl;;sf‘(lltost ch:;tels\el"“;ct W(})r:;sfl(lltost
$000 @7.75% colcxd @3% colexf
2076 82 251.00 0.002197 0.55 0.088582 22.23
2077 83 251.00 0.002039 0.51 0.086002 21.59
2078 84 251.00 0.001892 0.47 0.083497 20.96
2079 85 251.00 0.001756 0.44 0.081065 20.35
2080 86 251.00 0.001630 0.41 0.078704 19.75
2081 87 251.00 0.001513 0.38 0.076412 19.18
2082 88 251.00 0.001404 035 0.074186 18.62
2083 89 251.00 0.001303 0.33 0.072026 18.08
2084 90 251.00 0.001209 0.30 0.069928 17.55
2085 91 5,245.00 0.001122 5.89 0.067891 356.09
2086 92 251.00 0.001041 0.26 0.065914 16.54
2087 93 251.00 0.000966 0.24 0.063994 16.06
2088 94 251.00 0.000897 0.23 0.062130 15.59
2089 95 251.00 0.000832 0.21 0.060320 15.14
2090 96 251.00 0.060773 0.19 0.058563 14.70
2091 97 251.00 0.000717 0.18 0.056858 14.27
2092 98 251.00 0.000665 0.17 0.055202 13.86
2093 99 251.00 0.000618 0.16 0.053594 13.45
2094 100 251.00 0.000573 0.14 0.052033 13.06
Sum of PW 4,365.86 Sum of PW 13,452.95
100 yr Amtz @7.75 0.07754444 Amtz @3 % 0.03164667
An. Equiv = 338.549 An. Equiv = 425.741
A-68 FINAL EIS 1995
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Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers - John Day

SOS5b

Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

I:’ :l; :lt; P{(:,Lerct P;lnlgl?egsoes i Wﬁitelsnellfl;ct Wfrzﬁfl(lltost Wlt;ﬁelslell“l;ct Wfr:;sflgost
$000 @17.75% colexd @3% colcxf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 0.00 0.439957 0.00 0.722421 0.00
2006 12 0.00 0.408312 0.00 0.701380 0.00
2007 13 0.00 0.378944 0.00 0.680951 0.00
2008 14 0.00 0.351688 0.00 0.661118 0.00
2009 15 0.00 0.326393 0.00 0.641862 0.00
2010 16 38,698.95 0.302917 11,722.57 0.623167 2411591
2011 17 2,551.75 0.281129 71737 0.605016 1543.85
2012 18 2,551.75 0.260909 665.77 0.587395 1498.88
2013 19 2,551.75 0.242143 617.89 0.570286 1455.23
2014 20 2,551.75 0.224727 57345 0.553676 1412.84
2015 21 2,551.75 0.208563 53220 0.537549 1371.69
2016 22 2,551.75 0.193562 493.92 0.521893 1331.74
2017 23 2,551.75 0.179640 458.40 0.506692 1292.95
2018 24 2,551.75 0.166719 42543 0.491934 1255.29
2019 25 2,551.75 0.154728 394.83 0.477606 1218.73
2020 26 2,551.75 0.143599 366.43 0.463695 1183.23
2021 27 2,551.75 0.133270 340.07 0.450189 1148.77
1995 FINAL EIS A-69
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Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers - John Day

- CONT
SOS5b — CONT
Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
AYne:ll;':lt; P{{Z‘Le:t P;l:cll?egszst ch::tels:ellf‘l:tct W()Prlt.;sfl(l?tost WI;:telsleIl“lztxct W(?rlt';sf‘(lltost

$000 @7.75% colcxd @3% colexf
2022 28 2,551.75 0.123685 315.61 0.437077 1115.31
2023 29 2,551.75 0.114789 29291 0.424346 1082.83
2024 30 2,551.75 0.106532 271.84 0.411987 1051.29
2025 31 2,551.75 0.098870 252.29 0.399987 1020.67
2026 32 2,551.75 0.091759 234.15 0.388337 990.94
2027 33 2,551.75 0.085159 217.30 0.377026 962.08
2028 34 2,551.75 0.079034 201.67 0.366045 934.06
2029 35 2,551.75 0.073349 187.17 0.355383 906.85
2030 36 8,301.75 0.068073 565.13 0.345032 2864.37
2031 37 2,551.75 0.063177 161.21 0.334983 854.79
2032 38 2,551.75 0.058633 149.62 0.325226 829.90
2033 39 2,551.75 0.054416 138.86 0.315754 805.72
2034 40 2,551.75 0.050502 128.87 0.306557 782.26
2035 41 2,551.75 0.046870 119.60 0.297628 759.47
2036 42 2,551.75 0.043499 111.00 0.288959 737.35
2037 43 2,551.75 0.040370 103.01 0.280543 715.88
2038 44 2,551.75 0.037466 95.60 0.272372 695.02
2039 45 2,551.75 0.034771 88.73 0.264439 674.78
2040 46 32,391.75 0.032270 1,045.30 0.256737 8316.15
2041 47 2,551.75 0.029949 76.42 0.249259 636.05
2042 48 2,551.75 0.027795 70.93 0.241999 617.52
2043 49 2,551.75 0.025796 65.83 0.234950 599.53
2044 50 2,551.75 0.023941 61.09 0.228107 582.07
2045 51 2,551.75 0.022219 56.70 0.221463 565.12
2046 52 2,551.75 0.020621 52.62 0.215013 548.66
2047 53 2,551.75 0.019137 48.83 0.208750 532.68
2048 54 2,551.75 0.017761 45.32 0.202670 517.16

A-70 FINAL EIS 1995
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Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers — John Day

-~ CONT
SOS5b — CONT
Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
X: :ll;' :f; P{,gerct P;ll:lcl?egs.;“ Wl;;tel‘iell?l;ct Wfr;;sflgost Wl;;eliell«‘l;ct Wfr‘t.ﬁs—e‘(l;‘tost

$000 @7.75% colexd @3% colexf
2049 55 2,551.75 0.016484 42.06 0.196767 502.10
2050 56 8,301.75 0.015298 127.00 0.191036 1585.93
2051 57 2,551.75 0.014198 36.23 0.185472 473.28
2052 58 2,551.75 0.013176 33.62 0.180070 459.49
2053 59 2,551.75 0.012229 31.20 0.174825 446.11
2054 60 2,551.75 0.011349 28.96 0.169733 433.12
2055 61 2,551.75 0.010533 26.88 0.164789 420.50
2056 62 2,551.75 0.009775 2494 0.159990 408.25
2057 63 2,551.75 0.009072 23.15 0.155330 396.36
2058 64 2,551.75 0.008420 21.48 0.150806 384.82
2059 65 2,551.75 0.007814 19.94 0.146413 373.61
2060 66 3,108.95 0.007252 2255 0.142149 44193
2061 67 2,551.75 0.006730 17.17 0.138009 352.16
2062 68 2,551.75 0.006246 1594 0.133989 34191
2063 69 2,551.75 0.005797 14.79 0.130086 331.95
2064 70 2,551.75 0.005380 13.73 0.126297 322.28
2065 71 2,551.75 0.004993 12.74 0.122619 312.89
2066 72 2,551.75 0.004634 11.82 0.119047 303.78
2067 73 2,551.75 0.004301 10.97 0.115580 294.93
2068 74 2,551.75 0.003991 10.18 0.112214 286.34
2069 75 2,551.75 0.003704 945 0.108945 278.00
2070 76 38,141.75 0.003438 131.13 0.105772 4034.33
2071 77 2,551.75 0.003191 8.14 0.102691 262.04
2072 78 2,551.75 0.002961 7.56 0.099700 254.41
2073 79 2,551.75 0.002748 7.01 0.096796 247.00
2074 80 2,551.75 0.002550 6.51 0.093977 239.81
2075 81 2,551.75 0.002367 6.04 0.091240 232.82

1995

FINAL EIS
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Irrigation Appendix

Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers — John Day

~ CONT

SOS5b — CONT

Implementation year = 2010
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
Ine:l; :li P;z‘;e:t Pi:lclx?efs?t Wl;:telslell*‘l;ct W:)rlt.gsf,(l:tost Wr;i:tels\e}t?l;ct Wfr:;s-f‘(‘ltost
$000 @7.75% colexd @3% colexf

2076 82 2,551.75 0.002197 5.61 0.088582 226.04
2077 83 2,551.75 0.002039 5.20 0.086002 219.46
2078 84 2,551.75 0.001892 483 0.083497 213.06
2079 85 2,551.75 0.001756 448 0.081065 206.86
2080 86 2,551.75 0.001630 4.16 0.078704 200.83
2081 87 2,551.75 0.001513 3.86 0.076412 194.98
2082 88 2,551.75 0.001404 3.58 0.074186 189.31
2083 89 2,551.75 0.001303 332 0.072026 183.79
2084 90 2,551.75 0.001209 3.09 0.069928 178.44
2085 91 2,551.75 0.001122 2.86 0.067891 173.24
2086 92 2,551.75 0.001041 2.66 0.065914 168.20
2087 93 2,551.75 0.000966 247 0.06399%4 163.30
2088 94 2,551.75 0.000897 2.29 0.062130 158.54
2089 95 2,551.75 0.000832 212 0.060320 153.92
2090 96 8,301.75 0.000773 6.41 0.058563 486.18
2091 97 2,551.75 0.000717 1.83 0.056858 145.09
2092 98 2,551.75 0.000665 1.70 0.055202 140.86
2093 99 2,551.75 0.000618 1.58 0.053594 136.76
2094 100 2,551.75 0.000573 1.46 0.052033 132.77

Sum of PW 23,250.65 Sum of PW 87,619.41

100 yr Amtz @7.75 0.07754444 Amtz @3 % 0.03164667

An. Equiv = 1,802.959 An. Equiv = 2,772.862

A-72 FINAL EIS 1995
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Table A-4. Annual Equivalent Increased Pumping Cost - M&! Pumpers — John Day

- CONT
SOS6b, SOS9a, SOS9c

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

Jeror | et | BpmpCost [ Bt bt 1 et | wht
$000 @17.75% colcxd @3% colexf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 0.00 0.638993 0.00 0.837484 0.00
2001 7 0.00 0.593033 0.00 0.813092 0.00
2002 8 0.00 0.550379 0.00 0.789409 0.00
2003 9 0.00 0.510792 0.00 0.766417 0.00
2004 10 0.00 0.474053 0.00 0.744094 0.00
2005 11 38,698.75 0.439957 17,025.77 0.722421 27956.80
2006 12 2,551.75 0.408312 1,041.91 0.701380 1789.75
2007 13 2,551.75 0.378944 966.97 0.680951 1737.62
2008 14 2,551.75 0.351688 897.42 0.661118 1687.01
2009 15 2,551.75 0.326393 832.87 0.641862 1637.87
2010 16 2,551.75 0.302917 77297 0.623167 1590.17
2011 17 2,551.75 0.281129 717.37 0.605016 1543.85
2012 18 2,551.75 0.260909 665.77 0.587395 1498.88
2013 19 2,551.75 0.242143 617.89 0.570286 1455.23
2014 20 2,551.75 0.224727 57345 0.553676 1412.84
2015 21 2,551.75 0.208563 53220 0.537549 1371.69
2016 22 2,551.75 0.193562 493.92 0.521893 1331.74
2017 23 2,551.75 0.179640 458.40 0.506692 1292.95
2018 24 2,551.75 0.166719 425.43 0.491934 1255.29
2019 25 2,551.75 0.154728 394.83 0.477606 1218.73
2020 26 2,551.75 0.143599 366.43 0.463695 1183.23
2021 27 2,551.75 0.133270 340.07 0.450189 1148.77
1995 FINAL EIS A-73
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Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers — John Day

- CONT
SOS6b, SOS9a, SOS9c — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
vomor | pee | TpmnCost [ Bt | Bt 1 Pt | Wt

$000 @17.75% colexd @3% colexf
2022 28 2,551.75 0.123685 315.61 0.437077 1115.31
2023 29 2,551.75 0.114789 292.91 0.424346 1082.83
2024 30 2,551.75 0.106532 271.84 0.411987 1051.29
2025 31 8,301.75 0.098870 820.79 0.399987 3320.59
2026 32 2,551.75 0.091759 234.15 0.388337 990.94
2027 33 2,551.75 0.085159 217.30 0.377026 962.08
2028 34 2,551.75 0.079034 201.67 0.366045 934.06
2029 35 2,551.75 0.073349 187.17 0.355383 906.85
2030 36 2,551.75 0.068073 173.71 0.345032 880.44
2031 37 2,551.75 0.063177 161.21 0.334983 854.79
2032 38 2,551.75 0.058633 149.62 0.325226 829.90
2033 39 2,551.75 0.054416 138.86 0.315754 805.72
2034 40 2,551.75 0.050502 128.87 0.306557 78226
2035 41 32,391.75 0.046870 1,518.19 0.297628 9640.69
2036 42 2,551.75 0.043499 111.60 0.288959 73735
2037 43 2,551.75 0.040370 103.01 0.280543 715.88
2038 44 2,551.75 0.037466 95.60 0.272372 695.02
2039 45 2,551.75 0.034771 88.73 0.264439 674.78
2040 46 2,551.75 0.032270 8235 0.256737 655.13
2041 47 2,551.75 0.029949 76.42 0.249259 636.05
2042 48 2,551.75 0.027795 70.93 0.241999 61752
2043 49 2,551.75 0.025796 65.83 0.234950 599.53
2044 50 2,551.75 0.023941 61.09 0.228107 582.07
2045 51 8,301.75 0.022219 184.45 0.221463 1838.53
2046 52 2,551.75 0.020621 52.62 0.215013 548.66
2047 53 2,551.75 0.019137 48.83 0.208750 532.68
2048 54 2,551.75 0.017761 45.32 0.202670 517.16
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Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers — John Day

- CONT

SOS6b, SOS9a, SOS9¢ ~ CONT

Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G
dom ot | peer | oot | Bt | e | et | oo
$000 @7.75% colcxd @3% colexf
2049 55 2,551.75 0.016484 42.06 0.196767 502.10
2050 56 2,551.75 0.015298 39.04 0.191036 487.48
2051 57 2,551.75 0.014198 36.23 0.185472 473.28
2052 58 2,551.75 0.013176 33.62 0.180070 459.49
2053 59 2,551.75 0.012229 31.20 0.174825 446.11
2054 60 2,551.75 0.011349 28.96 0.169733 433.12
2055 61 3,108.95 0.010533 3275 0.164789 512.32
2056 62 2,551.75 0.009775 2494 0.159990 408.25
2057 63 2,551.75 0.009072 23.15 0.155330 396.36
2058 64 2,551.75 0.008420 21.48 0.150806 384.82
2059 65 2,551.75 0.007814 19.94 0.146413 373.61
2060 66 2,551.75 0.007252 18.51 0.142149 362.73
2061 67 2,551.75 0.006730 17.17 0.138009 352.16
2062 68 2,551.75 0.006246 1594 0.133989 341.91
2063 69 2,551.75 0.005797 14.79 0.130086 331.95
2064 70 2,551.75 0.005380 13.73 0.126297 32228
2065 71 38,141.75 0.004993 190.45 0.122619 4676.90
2066 72 2,551.75 0.004634 11.82 0.119047 303.78
2067 73 2,551.75 0.004301 1097 0.115580 294.93
2068 74 2,551.75 0.003991 10.18 0.112214 286.34
2069 75 2,551.75 0.003704 9.45 0.108945 278.00
2070 76 2,551.75 0.003438 8.77 0.105772 269.90
2071 77 2,551.75 0.003191 8.14 0.102691 262.04
2072 78 2,551.75 0.002961 7.56 0.099700 254.41
2073 79 2,551.75 0.002748 7.01 0.096796 247.00
2074 80 2,551.75 0.002550 6.51 0.093977 239.81
2075 81 2,551.75 0.002367 6.04 0.091240 232.82

1995 FINAL EIS

A-75



A Irrigation Appendix

Table A-4. Annual Equivalent Increased Pumping Cost — M&I Pumpers — John Day

— CONT
SOS6b, SOS9a, SOS9c — CONT
Implementation year = 2005
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Yearor | proec | et [ Bt | Bt [ preet | Bt
$000 @7.75% colcxd @3% colexf
2076 82 2,551.75 0.002197 5.61 0.088582 226.04
2077 83 2,551.75 0.002039 520 0.086002 219.46
2078 84 2,551.75 0.001892 4.83 0.083497 213.06
2079 85 2,551.75 0.001756 4.48 0.081065 206.86
2080 86 2,551.75 0.001630 4.16 0.078704 200.83
2081 87 2,551.75 0.001513 3.86 0.076412 194.98
2082 88 2,551.75 0.001404 3.58 0.074186 189.31
2083 89 2,551.75 0.001303 332 0.072026 183.79
2084 90 2,551.75 0.001209 3.09 0.069928 178.44
2085 91 8,301.75 0.001122 9.32 0.067891 563.61
2086 92 2,551.75 0.001041 2.66 0.065914 168.20
2087 93 2,551.75 0.000966 247 0.063994 163.30
2088 94 2,551.75 0.000897 2.29 0.062130 158.54
2089 95 2,551.75 0.000832 212 0.060320 153.92
2090 96 2,551.75 0.000773 1.97 0.058563 149.44
2091 97 2,551.75 0.000717 1.83 0.056858 145.09
2092 98 2,551.75 0.000665 1.70 0.055202 140.86
2093 99 2,551.75 0.000618 1.58 0.053594 136.76
2094 100 2,551.75 0.000573 1.46 0.052033 132.77
Sum of PW 33,777.71 Sum of PW 102,279.68
100 yr Amtz @7.75 0.07754444 Amtz @ 3 % 0.03164667
An. Equiv = 2,619.274 An. Equiv = 3,236.811
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Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers — John Day

~ CONT
SOS5¢ & SOS6d

Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

Ine:l;;i P;g?t Pil:cll["egsoes ' WI;;telsleII*“;ct W(?rlt.;sflgost Wlt;;telsxe}lé‘lztxct Wg)ri;?%tmt
$000 @7.75% colexd @3% colcxf

1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 0.00 0.741875 0.00 0.888487 0.00
1999 5 0.00 0.688515 0.00 0.862609 0.00
2000 6 38,698.75 0.638993 24,728.24 0.837484 32409.59
2001 7 2,551.75 0.593033 1,513.27 0.813092 2074.81
2002 8 2,551.75 0.550379 1,404.43 0.789409 2014.38
2003 9 2,551.75 0.510792 1,303.41 0.766417 1955.70
2004 10 2,551.75 0.474053 1,209.67 0.744094 1898.74
2005 1 2,551.75 0.439957 1,122.66 0.722421 1843.44
2006 12 2,551.75 0.408312 1,041.91 0.701380 1789.75
2007 13 2,551.75 0.378944 966.97 0.680951 1737.62
2008 14 2,551.75 0.351688 897.42 0.661118 1687.01
2009 15 2,551.75 0.326393 832.87 0.641862 1637.87
2010 16 2,551.75 0.302917 772.97 0.623167 1590.17
2011 17 2,551.75 0.281129 717.37 0.605016 1543.85
2012 18 2,551.75 0.260909 665.77 0.587395 1498.88
2013 19 2,551.75 0.242143 617.89 0.570286 1455.23
2014 20 2,551.75 0.224727 573.45 0.553676 1412.84
2015 21 2,551.75 0.208563 532.20 0.537549 1371.69
2016 22 2,551.75 0.193562 493.92 0.521893 1331.74
2017 23 2,551.75 0.179640 458.40 0.506692 1292.95
2018 24 2,551.75 0.166719 42543 0.491934 1255.29
2019 25 2,551.75 0.154728 394.83 0.477606 1218.73
2020 26 8,301.75 0.143599 1,192.12 0.463695 3849.48
2021 27 2,551.75 0.133270 340.07 0.450189 1148.77

1995

FINAL EIS

A-77



A

Irrigation Appendix

Table A-4. Annual Equivalent Increased Pumping Cost — M&I Pumpers — John Day

- CONT
SOS5c & SOS6d — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Ine:l;:; P{(ge:t P;ll:gll?egs?t Wz;telsleIl*‘l;ct Wfrlt':lsflgost Wl;;telslell*‘l;ct W(?rlt.;s:‘(‘ltost

$000 @7.75% colexd @3% colexf
2022 28 2,551.75 0.123685 315.61 0.437077 1115.31
2023 29 2,551.75 0.114789 29291 0.424346 1082.83
2024 30 2,551.75 0.106532 271.84 0.411987 1051.29
2025 31 2,551.75 0.098870 252.29 0.399987 1020.67
2026 32 2,551.75 0.091759 234.15 0.388337 990.94
2027 33 2,551.75 0.085159 217.30 0.377026 962.08
2028 34 2,551.75 0.079034 201.67 0.366045 934.06
2029 35 2,551.75 0.073349 187.17 0.355383 906.85
2030 36 32,391.75 0.068073 2,205.02 0.345032 11176.20
2031 37 2,551.75 0.063177 161.21 0.334983 854.79
2032 38 2,551.75 0.058633 149.62 0.325226 829.90
2033 39 2,551.75 0.054416 138.86 0.315754 805.72
2034 40 2,551.75 0.050502 128.87 0.306557 782.26
2035 41 2,551.75 0.046870 119.60 0.297628 759.47
2036 42 2,551.75 0.043499 111.00 0.288959 737.35
2037 43 2,551.75 0.040370 103.01 0.280543 715.88
2038 44 2,551.75 0.037466 95.60 0.272372 695.02
2039 45 2,551.75 0.034771 88.73 0.264439 674.78
2040 46 8,301.75 0.032270 267.90 0.256737 2131.36
2041 47 2,551.75 0.029949 76.42 0.249259 636.05
2042 48 2,551.75 0.027795 70.93 0.241999 617.52
2043 49 2,551.75 0.025796 65.83 0.234950 599.53
2044 50 2,551.75 0.023941 61.09 0.228107 582.07
2045 51 2,551.75 0.022219 56.70 0.221463 565.12
2046 52 2,551.75 0.020621 52.62 0.215013 548.66
2047 53 2,551.75 0.019137 48.83 0.208750 532.68
2048 54 2,551.75 0.017761 4532 0.202670 517.16
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Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers — John Day

— CONT
SOS5¢c & SOS6d — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Jearof | Project | FUURal’ | WorhFact | Worth—Cost | WordhEact | Wordh-Cost
$000 @17.75% colexd @3% colexf
2049 55 2,551.75 0.016484 42.06 0.196767 502.10
2050 56 3,108.95 0.015298 4756 0.191036 593.92
2051 57 2,551.75 0.014198 36.23 0.185472 473.28
2052 58 2,551.75 0.013176 33.62 0.180070 459.49
2053 59 2,551.75 0.012229 31.20 0.174825 446.11
2054 60 2,551.75 0.011349 28.96 0.169733 433.12
2055 61 2,551.75 0.010533 26.88 0.164789 420.50
2056 62 2,551.75 0.009775 2494 0.159990 408.25
2057 63 2,551.75 0.009072 23.15 0.155330 396.36
2058 64 2,551.75 0.008420 21.48 0.150806 384.82
2059 65 2,551.75 0.007814 19.94 0.146413 373.61
2060 66 38,141.75 0.007252 276.61 0.142149 5421.80
2061 67 2,551.75 0.006730 1717 0.138009 352.16
2062 68 2,551.75 0.006246 1594 0.133989 341.91
2063 69 2,551.75 0.005797 14.79 0.130086 331.95
2064 70 2,551.75 0.005380 13.73 0.126297 32228
2065 71 2,551.75 0.004993 12.74 0.122619 312.89
2066 72 2,551.75 0.004634 11.82 0.119047 303.78
2067 73 2,551.75 0.004301 10.97 0.115580 294.93
2068 74 2,551.75 0.003991 10.18 0.112214 286.34
2069 75 2,551.75 0.003704 9.45 0.108945 278.00
2070 76 2,551.75 0.003438 8.77 0.105772 269.90
2071 77 2,551.75 0.003191 8.14 0.102691 262.04
2072 78 2,551.75 0.002961 7.56 0.099700 25441
2073 79 2,551.75 0.002748 7.01 0.096796 247.00
2074 80 2,551.75 0.002550 6.51 0.093977 239.81
2075 81 2,551.75 0.002367 6.04 0.091240 232.82

1995 FINAL EIS
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Table A-4. Annual Equivalent Increased Pumping Cost - M&l Pumpers — John Day

— CONT
SOS5c & SOS6d — CONT
Implementation year = 2000
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
g: :I;:its; P‘r(gerct Pﬁi‘:xl')egso:t Wl;;telsleli?l;ct W(f)rlt-ﬁsfl(‘:tost Wr;;telsxell?l;ct W(?rtrﬁs—el(lltost
$000 @17.75% colexd @3% colexf
2076 82 2,551.75 0.002197 5.61 0.088582 226.04
2077 83 2,551.75 0.002039 5.20 0.086002 219.46
2078 84 2,551.75 0.001892 4.83 0.083497 213.06
2079 85 2,551.75 0.001756 448 0.081065 206.86
2080 86 8,301.75 0.001630 13.53 0.078704 653.38
2081 87 2,551.75 0.001513 3.86 0.076412 194.98
2082 88 2,551.75 0.001404 3.58 0.074186 189.31
2083 89 2,551.75 0.001303 332 0.072026 183.79
2084 90 2,551.75 0.001209 3.09 0.069928 178.44
2085 91 2,551.75 0.001122 2.86 0.067891 173.24
2086 92 2,551.75 0.001041 2.66 0.065914 168.20
2087 93 2,551.75 0.000966 247 0.063994 163.30
2088 94 2,551.75 0.000897 229 0.062130 158.54
2089 95 2,551.75 0.000832 212 0.060320 153.92
2090 96 32,391.75 0.000773 25.03 0.058563 1896.97
2091 97 2,551.75 0.000717 1.83 0.056858 145.09
2092 98 2,551.75 0.000665 1.70 0.055202 140.86
2093 99 2,551.75 0.000618 1.58 0.053594 136.76
2094 100 2,551.75 0.000573 1.46 0.052033 132.77
Sum of PW 49,090.35 Sum of PW 121,022.63
100 yr Amtz @7.75  0.07754444 Amtz @3 % 0.03164667
An. Equiv = 3,806.684 An. Equiv = 3,829.963
A-80 FINAL EIS 1995
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A

Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers — John Day

- CONT
Pref. Alt.

Implementation year = 1998
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %

A B C D E F G

Joarot | proet | Fpmelot | Bt ) e T b | Fee
$000 @7.75% colexd @3% colcxf
1995 1 0.00 0.928074 0.00 0.970874 0.00
1996 2 0.00 0.861322 0.00 0.942596 0.00
1997 3 0.00 0.799371 0.00 0.915142 0.00
1998 4 42,075.75 0.741875 31,214.96 0.888487 37383.76
1999 5 2,551.75 0.688515 1,756.92 0.862609 2201.16
2000 6 2,551.75 0.638993 1,630.55 0.837484 2137.05
2001 7 2,551.75 0.593033 1,513.27 0.813092 2074.81
2002 8 2,551.75 0.550379 1,404.43 0.789409 2014.38
2003 9 2,551.75 0.510792 1,303.41 0.766417 1955.70
2004 10 2,551.75 0.474053 1,209.67 0.744094 1898.74
2005 11 2,551.75 0.439957 1,122.66 0.722421 1843.44
2006 12 2,551.75 0.408312 1,041.91 0.701380 1789.75
2007 13 2,551.75 0.378944 966.97 0.680951 1737.62
2008 14 2,551.75 0.351688 897.42 0.661118 1687.01
2009 15 2,551.75 0.326393 832.87 0.641862 1637.87
2010 16 2,551.75 0.302917 77297 0.623167 1590.17
2011 17 2,551.75 0.281129 717.37 0.605016 1543.85
2012 18 2,551.75 0.260909 665.77 0.587395 1498.88
2013 19 2,551.75 0.242143 617.89 0.570286 1455.23
2014 20 2,551.75 0.224727 57345 0.553676 1412.84
2015 21 2,551.75 0.208563 532.20 0.537549 1371.69
2016 22 2,551.75 0.193562 493.92 0.521893 1331.74
2017 23 2,551.75 0.179640 458.40 0.506692 1292.95
2018 24 11,678.55 0.166719 1,947.04 0.491934 5745.07
2019 25 2,551.75 0.154728 394.83 0.477606 1218.73
2020 26 2,551.75 0.143599 366.43 0.463695 1183.23
2021 27 2,551.75 0.133270 340.07 0.450189 1148.77
1995 FINAL EIS A-81
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Table A-4. Annual Equivalent Increased Pumping Cost — M&l Pumpers — John Day

— CONT
Pref. Alt. — CONT
Implementation year = 1998
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Yearar | e | RpmmCos | Proet ) e [ bt |l

$000 @7.75% colexd @3% colexf
2022 28 2,551.75 0.123685 315.61 0.437077 1115.31
2023 29 2,551.75 0.114789 29291 0.424346 1082.83
2024 30 2,551.75 0.106532 271.84 0.411987 1051.29
2025 31 2,551.75 0.098870 252.29 0.399987 1020.67
2026 32 2,551.75 0.091759 234.15 0.388337 990.94
2027 33 2,551.75 0.085159 21730 0.377026 962.08
2028 34 32,391.75 0.079034 2,560.04 0.366045 11856.83
2029 35 2,551.75 0.073349 187.17 0.355383 906.85
2030 36 2,551.75 0.068073 173.71 0.345032 880.44
2031 37 2,551.75 0.063177 161.21 0.334983 854.79
2032 38 2,551.75 0.058633 149.62 0.325226 829.90
2033 39 2,551.75 0.054416 138.86 0.315754 805.72
2034 40 2,551.75 0.050502 128.87 0.306557 782.26
2035 41 2,551.75 0.046870 119.60 0.297628 75947
2036 42 2,551.75 0.043499 111.00 0.288959 737.35
2037 43 2,551.75 0.040370 103.01 0.280543 715.88
2038 44 11,678.55 0.037466 437.55 0.272372 3180.91
2039 45 2,551.75 0.034771 88.73 0.264439 674.78
2040 46 2,551.75 0.032270 8235 0.256737 655.13
2041 47 2,551.75 0.029949 76.42 0.249259 636.05
2042 48 2,551.75 0.027795 70.93 0.241999 617.52
2043 49 2,551.75 0.025796 65.83 0.234950 599.53
2044 50 2,551.75 0.023941 61.09 0.228107 582.07
2045 51 2,551.75 0.022219 56.70 0.221463 565.12
2046 52 2,551.75 0.020621 52.62 0.215013 548.66
2047 53 2,551.75 0.019137 48.83 0.208750 532.68
2048 54 3,108.95 0.017761 55.22 0.202670 630.09
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Table A-4. Annual Equivalent Increased Pumping Cost ~ M&l Pumpers — John Day

- CONT
Pref. Alt. — CONT
Implementation year = 1998
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
I::l; :lf; P;zierct P;lt:lclll')efsoes i Wl;::lsnell;;ct W:)rlt.ﬁs—el(iltost WI;;telsleI?;ct Wfr::\sflgost
$000 @17.75% colexd @3% colexf
2049 55 2,551.75 0.016484 42.06 0.196767 502.10
2050 56 2,551.75 0.015298 39.04 0.191036 487.48
2051 57 2,551.75 0.014198 36.23 0.185472 473.28
2052 58 2,551.75 0.013176 33.62 0.180070 459.49
2053 59 2,551.75 0.012229 31.20 0.174825 446.11
2054 60 2,551.75 0.011349 28.96 0.169733 433.12
2055 61 2,551.75 0.010533 26.88 0.164789 420.50
2056 62 2,551.75 0.009775 24.94 0.159990 408.25
2057 63 2,551.75 0.009072 23.15 0.155330 396.36
2058 64 41,518.55 0.008420 349.57 0.150806 6261.23
2059 65 2,551.75 0.007814 19.94 0.146413 373.61
2060 66 2,551.75 0.007252 18.51 0.142149 362.73
2061 67 2,551.75 0.006730 1717 0.138009 352.16
2062 68 2,551.75 0.006246 15.94 0.133989 341.91
2063 69 2,551.75 0.005797 14.79 0.130086 33195
2064 70 2,551.75 0.005380 13.73 0.126297 32228
2065 71 2,551.75 0.004993 12.74 0.122619 312.89
2066 72 2,551.75 0.004634 11.82 0.119047 303.78
2067 73 2,551.75 0.004301 10.97 0.115580 294.93
2068 74 2,551.75 0.003991 10.18 0.112214 286.34
2069 75 2,551.75 0.003704 9.45 0.108945 278.00
2070 76 2,551.75 0.003438 8.77 0.105772 269.90
2071 77 2,551.75 0.003191 8.14 0.102691 262.04
2072 78 2,551.75 0.002961 7.56 0.099700 254.41
2073 79 2,551.75 0.002748 7.01 0.096796 24700
2074 80 2,551.75 0.002550 6.51 0.093977 239.81
2075 81 2,551.75 0.002367 6.04 0.091240 232.82
1995 FINAL EIS A-83
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Table A-4. Annual Equivalent Increased Pumping Cost — M&i Pumpers — John Day

- CONT
Pref. Alt. - CONT
Implementation year = 1998
First year of analysis = 1995 (year 1), and 100 year analysis
Costs present worthed an amortized at 7.75 % & 3.0 %
A B C D E F G
Xne:l;:é P;gerct Pﬁigxl')efsoeﬂ WE;telsleIITl;ct W(Frlt‘f\sfl(‘l‘tost Wr;;telslell?‘;ct W«Fr{ﬁsflgost
$000 @7.75% colexd @3% colexf
2076 82 2,551.75 0.002197 5.61 0.088582 226.04
2077 83 2,551.75 0.002039 520 0.086002 219.46
2078 84 11,678.55 0.001892 22.10 0.083497 975.13
2079 85 2,551.75 0.001756 4.48 0.081065 206.86
2080 86 2,551.75 0.001630 4.16 0.078704 200.83
2081 87 2,551.75 0.001513 3.86 0.076412 194,98
2082 88 2,551.75 0.001404 3.58 0.074186 189.31
2083 89 2,551.75 0.001303 332 0.072026 183.79
2084 90 2,551.75 0.001209 3.09 0.069928 178.44
2085 91 2,551.75 0.001122 2.86 0.067891 173.24
2086 92 2,551.75 0.001041 2.66 0.065914 168.20
2087 93 2,551.75 0.000966 247 0.063994 163.30
2088 94 32,391.75 0.0600897 29.05 0.062130 2012.50
2089 95 2,551.75 0.000832 212 0.060320 153.92
2090 96 2,551.75 0.000773 1.97 0.058563 149.44
2091 97 2,551.75 0.000717 1.83 0.056858 145.09
2092 98 2,551.75 0.000665 1.70 0.055202 140.86
2093 99 2,551.75 0.000618 158 0.053594 136.76
2094 100 2,551.75 0.000573 1.46 0.052033 132.77
Sum of PW 60,226.87 Sum of PW 135,034.97
100 yr Amtz @7.75 0.07754444 Amtz @ 3 % 0.03164667
An. Equiv = 4,670.259 An. Equiv = 4,273.406
A-84 FINAL EIS 1995



Irrigation Appendix

Table A-5. Irrigation Pumping Requirement — Grand Coulee Reservoir

SOR Alternatives — Impact on Irrigation Pumping
(Irrigation pumping from FDR to Banks Lake — Federal Columbia Basin Project)
SOR Annual Megawatt Hrs Value of Energgl Value of Implementation
Study No. of Pumping Cost of Service Energy Date
(monthly analysis)V/ @ $.95/mwh (rounded)

SOS1a 968,701 $920,266 $920,300 1995
SOS1b 968,667 $920,234 $920,200 1995
SOS2c 959,254 $911,291 $911,300 1995
SOS2d 955,776 $907,987 $908,000 1995
SOS4c 939,874 $892,880 $892,900 1995
SOS5b 959,279 $911,315 $911,300 2010
SOS5¢ 959,279 $911,315 $911,300 2000
SOS6b 959,279 $911,315 $911,300 2005
SOS6d 959,279 $911,315 $911,300 2000
SOS9a 995,961 $946,163 $946,200 2005
SOS9b 964.975 $916,726 $916,700 1995
SOS9c 965,614 $917,333 $917,300 2005
Pref. Alt. 956,300 $908,485 $908,500 1998

v Based on: End of month elev at FDR for 1929—76 period of record, current level of irrigation pumping
by month (Syr ave 1988~92), monthly elevations at Banks lake using 5 yr ave (1988—-92), and pumping
efficiency function utilzing data furnished by Reclamation.

2 Current rate charged the Columbia Basin Project irrigation districts (3).

Incremental Analysis — Pumping Cost
SOR Implementation Cost of Incremental Annual Increased
Study No. Date Pumping Pumping Cost (@3 & 7.75%)
SOS1a ¥ SOS2¢c 4
SOS1a 1995 $920,300 0 9,000
SOS1b 1995 $920,200 (100) 8,900
SOS2c 1995 $911,300 (9,000) 0
S0S2d 1995 $908,000 (12,300) (3,300)
SOS4c 1995 $892,900 (27,400) (18,400)
SOS5b 2010 $911,300 (9,000) 0
SOS5¢ 2000 $911,300 (9,000) 0
SOS6b 2005 $911,300 (9,000) 0
SOS6d 2000 $911,300 (9,000) 0
S0S9a 2005 $946,200 25,900 34,900
SOS9%b 1995 $916,700 (3,600) 5,400
SOS9¢ 2005 $917,300 (3,000) 6,000
Pref. Alt. 1998 $908,500 (11,800) (2,800)
3 Respective plan less SOS1a, Negative numbers mean a reduction in pumping cost.
4 Respective plan less SOS2c, Negative numbers mean a reduction in pumping cost.
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Table A-6. SOR Plans - Annual Equivalent Pumping Cost Summary
Ice Harbor — Agr Pumpers 36,389 acres
Plan Implemention Increased Annual Annual
Date Pumping Equiv Equiv
Required @3.0 % @7.75 %
SOS1a 1995 no 0 0
SOS1b 1995 no 0 0
SOS2¢c 1995 no 0 0
S0OSs2d 1995 no 0 0
SOS4c 1995 no 0 0
SOS5b 2010 yes 2,305,400 1,443,800
SOS5¢ 2000 yes 3,164,700 3,072,900
SOS6b 2005 yes 1,377,400 1,080,900
SOS6d 2000 no 0 0
SOS9%a 2005 yes 1,378,100 1,081,300
SOS9% 1995 no 0 0
SOS9c 2005 yes 1,427,600 1,126,200
Pref Alt 1998 no 0 0
John Day — Agr Pumpers 139,500 acres
Plan Implemention Increased Annual Annual
Date Pumping Equiv Equiv
Required @3.0 % @7.75 %
SOSla 1995 no 0 0
SOS1b 1995 no 0 0
SOS2¢c 1995 no 0 0
S0OSs2d 1995 no 0 0
SOS4c 1995 no 0 0
SOS5b 2010 yes 1,013,800 650,700
SOS5¢ 2000 yes 1,375,600 1,373,000
SOS6b 2005 yes 1,181,100 945,200
SOS6d 2000 yes 1,375,000 1,373,000
SOS9a 2005 yes 945,900 748,400
SOS9% 1995 no 0 0
SOS9¢ 2005 yes 1,213,200 966,100
Pref Alt 1998 yes 1,540,200 1,663,700
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Table A-6. SOR Plans — Annual Equivalent Pumping Cost — CONT

M&I Pumpers
Plan Implemen- | Increased | Lower S. | John Day Total Lower S. | John Day Total
tion Date | Pumping | An. Equiv| An. Equiv | @3.0% |An. Equiv| An. Equiv | @7.75 %
Required | Value Value Value Value
@3.0 % @3.0 % @7175% | @1.75%
SOSla 1995 no 0 0 ] 0 0 0
SOS1b 1995 no 0 0 0 0 0 0
SOS2c 1995 no 0 0 0 0 0 0
SOS2d 1995 no ] 0 0 0 0 0
SOS4c 1995 no 0 0 0 0 0 0
SOS5b 2010 yes 484,000 | 2,772,900 | 3,256,900 | 308,100 1,803,000 | 2,111,100
SOS5c 2000 yes 690,100 | 3,830,000 | 4,520,100 677,100 | 3,806,700 | 4,483,800
SOS6b 2005 yes 380,500 | 3,236,800 | 3,617,300} 302,300 | 2,619,300 | 2,921,600
SOS6d 2000 yes 296,200 | 3,830,000 | 4,126,200 | 293,800 | 3,806,700 | 4,100,500
S0OS9a 2005 yes 379,200 3,236,800 | 3,616,000 | 301,300 | 2,619,300 | 2,920,600
SOS9% 1995 no 0 0 0 0 0 0
SOS9¢c 2005 yes 425,700 | 3,236,800 | 3,662,500 | 338,500 | 2,619,300 | 2,957,800
Pref Alt 1998 yes 0| 4,273,400 | 4,273,400 0| 4,670,300 | 4,670,300
1995 FINAL EIS A-87
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Irrigation Appendix A

CENPP-PE~PE May 23, 1995
Fredericks/5041

MEMORANDUM FOR RECORD
SUBJECT: IRRIGATION COSTS

1. This memorandum gives information about the development of
irrigation costs for SOR for the Lower Snake Projects (Ice Harbor,
Little Goose, Lower Monumental, and Lower Granite).

2. Sources and Price Leveling., Information for the irrigation
costs for lLower Snake River projects were taken from the study
"Investigation of Pumping Fac¢ilities, Lower Snake River™ by
Anderson Perry, 1991. Costs assocliated with the draw-down were
prepared to reconnaissance level of detail for all types of pump
stations (i.e. Wildlife, Recreational, Irrigation, and Municipal &
Industrial.) at draw-down to spillway height and run-of-river
height. Costs were price leveled to 1992 using the ENR Index.

3. Adjusting to Average Elevations for Time Periods. The hydro-
regs specify the end of month elevation, I estimated the average
elevation over the pericd by averaging the elevations at the
beginning and end of the period. The average elevation was used to
calculate increased c¢osts.

4. Adjusting Power to Market Rates. Minor adjustments were made
to the estimates for use in the SOR analysis, An average market

rate of 29 mills is assumed for the irrigation pumps on the Ice
Harbor pool based on information the USBR obtained from the
Franklin County PUD and the Columbia REA, For this analysis it is
also the assumed market rates for the wildlife, recreation, and M&I
pump stations on Lower Monumental, Little Goose, and lower Granite
are 29 mills.

5. Estimating the Costs. Three differbnt costs were quantified
that are associated with pump modification for drawdown. The first
being increased power costs. For ICE HARBOR under Alternative la
(Pre-Salmon Summit Operation) the low elevation is 438.7 and under
Alternative 2C (Current Operations, Final Supplemental EIS
Operation) the low elevation 1is 437.5. For this analysis, it is
assumed increased power costs begin at elevation 437. This is the
elevation vhere pumpers begin incurring increased economic costs &s
the result of the lower pool elevation. Increased power cost
estimates were interpolated for elevations between the 2exo point
(438) and draw-down to spillway height as well as the elevations
between spillway height and run of the river level,

For LOWER GRANITE under Alternative la (Pre-Salmon Summit
Operation) the low elevation is 735.3 and under Alternative 2C
{(Current Operations, Final Supplemental EIS Operation) the low

Figure A-1. Development of Irrigation Costs for SOR for the Lower Snake Projects
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elevation is 733.5. For this analysis, it is assumed increased
power costs begin at elevation 733. This is the elevation where
punpers begin incurring increased economic costs as the result of
the lower pool elevation. Increased power cost estimates were
interpolated for elevations between the zero point (734) and draw-
down to spillway height as well as the elevations betwaen spillway
height and run of the river level.

For LITTLE GOOSE under Alternative la (Pre-Salmon Summit
Operation) the low elevation is 636.2 and under Alternative 2C
(Current Operations, Final Supplemental EIS Operation) the Ilow
elevation is 633.5. For this analysls, it is assumed increased
power costs begin at elevation 633. This is the elevation where
pumpers begin incurring increased economic costs as the result of
the lower pool elevation. Increased power cost estimates were
interpolated for elevations between the zeroc point (634) and draw-
down to spillway height as well as the elevations between spillway
height and run of the river level.

For LOWER MONUMENTAL under Alternative la (Pre-Salmon Summit
Operation) the low slevation is 538,7 and under Altermative 2C
(Current Operations, Final Supplemental EIS Operation) the 1low
elevation is 537.5, For this analysis, it is assumed increased
power costs begin at elevation 536. This is the elevation where
pumpers begin incurring increased economic costs as the result of
the lower pool elevation. Increased power cost estimates were
interpolated for elevations between the zero point (537) and draw-
down to spillway height as well as the elevations batween spillway
height and run of the river level.

The second cost was the cost of pump modification. Typical
modifications to pumps include lengthening pipes, adding stronger
punps, and installing fish screens. For this analysis, it is
assumed that the pumps begin modification costs when a water
surface level is reached where the pump station is affected.
Interviews conducted by Anderson Perry with pump station owners
waere used to identify the water surface level where each particular
pump station was affected. For those pumps where the pump station
owner did not know where the pump was affected the average
elevation where other pumps on that pool were affected was used.
Because neither of the two pump station owners on Lower Monumental
knew where the pumps were affected it was assumed they were
effected at Minimum Operating Pocl (MOP} elevation 536. Pump
modification cost estimates for elevations between the zero point
(where the particular pumper said he was affected) and spilllway
height were interpolated. As well as the alevations between
spillway height and run of river height.

Since the slope of the river runs downstream, some pumps
located further upstream on a particular pool will reach a point
where the water elevation will not decrease (the pump is at the run
of the river level). This leada to different levels of impact

Figure NO TAG. Development of Irrigation Costs for SOR for the Lower Snake Projects —
CONT
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depending on where on the pool the punmp station is located. This
has been accounted for in the analysis done by Anderson Perry.

To calculate annual modification costs, I assumed pumps were
modified according to the lowest drawdown month for that
alternative based on the hydro-rags. If the average elevation for
a particular alternative on John Day pool is 260 in May and 257 in
June, it is assumed the annual pump modifications costs are those
associated with modifying the pumps to operate at 257.

The third cost was the increased cost of operation and
maintenance associated with the lncreased pumpling facilities (more
pumps and pipes). This cost was estimated at 5% of the pump
modification cost. This estimate was revised upward slightly from
the original estimate of 3%. Operation and maintenance costs were
increased to take into account the increased sedimentation as a
result of the large drawdowns proposed on the Snake River.

6, Estimating Monthly Increased Power Costs. To estimate the
monthly increased power costs, data on tha amount of power usage
per month was necessary. I used information provided by the USBR
on the amount of water used by month. The study had the percent of
irrigation occurring during a given month. To get the increased
pover costs I multiplied the 29 mills = kw/hr figure by the
increased energy (kw/hr calculated by Anderson Perry) needed to
pump f£rom the lower water surface to get the annual increased power
cost. To estimate the monthly cost I multiplied the annual figure
by the percentage of irrigation occurring during that month (all
months ecqual 1008). For the half months, irrigation usage was
assumed to be one-half of what occurs during the month.

Both pump modification and increased O & M are in annual terms
and do not vary by month. The pump modifications costs are
annualized at a rate of 7 3/4% and 3% over 20 years.

7. Other Pertinent Information. There are fifteen affected pump
stations on the 1Ice Harbor pool, Three pump stations are
characterized as for wildlife use, while the other 12 are
characterlzed as for agriculture use.

Therae ara twe affected pump stations on the Little Goose pool,
and they are characterized as for wildlife use.

There are two affected pump stations on the Lower Monumental
pool, and they are characterized as for wildlife use.

There are nine affected pump stations on the lLower Granite
pool. Two are characterized as for wildlife use. Five are
characterized as for recreational use. One is characterized as for
Municipal & Industrial (M & I) use, and one is characterized as for
M & I / Recreational use.

JIM K. FREDERICKS
Economics Section

Figure NO TAG. Developmentoflirrigation Costs for SOR for the Lower Snake Projects -
CONT
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CENPD-PE-PE May 23, 1995
Fredericks/5041
File: C:\word\irr\irrsor

MEMORANDUM FOR RECORD

SUBJECT: IRRIGATION COSTS

1. This memorandwn gives information about the development of
irrigation costs for SOR for John Day pool.

2. Sources and Price leveling. Information for the irrigation
costs for John Day were taken from a combination of sources
including the study "Effects of the Columbia River Pool Draw-Down
on Selected Pumping Stations in Washington" by Pacam and 1IRZ,
August 1991; "Feasibility of Irrigation Canal Along the Columbia
River in Oregon” by IRZ and Pacam, November 1992; and "John Day
Reservolir, Washington Shore, Irrigation Punping Stations
Evaluation" by Bovay Northwest, Inc, February, 1933. One pump
station was not covered in any of these studies, so the cost was
preliminarily estimated by a 1local engineer familiar with the
situation. All other costs associated with the drawdown were
prepared to reconnaissance level of detail for pump stations at MOP
on John Day. Costs were price leveled to 1992 using the ENR Index.

3. Adjusting to Rverage Elevations for Time Periods. The hydro-
regs specify the end of month elevation, I estimated the average
elevation over the period by averaging the elevations at the
beginning and ends of the period. The average elevation was used
to calculate increased costs.

4. Adjusting Power to Market Rates., Minor adjustments were made
to the estimates for use in the SOR analysis. A market rate of
33.5 mills is assumed for the irrigation pumps on the Oregon side
of the John Day pool based on information the USBR obtained from
Benton County PUD. A market rate of 25 mills is assumed for the
irrigation pumps on the Washington side of the John Day pool based
on information the USBR obtained from the Umatilla Elactric Co-~op.

5. Estimating the Costs. Three different costs were quantified
that are associated with pump modification for drawdown. The first
being increased power costs. Under Alternative 1la (Pre-Salmon
Summit Operation) the low elevation is 263.5. Under Alternative 2C
(Curzent Operations, Final Supplemental .EIS Operation) the low
elevation is 262.5., For this analysis, it is assumed increased
power costs begin at elevation 263. This is the elevation where
pumpers begin incurring increased economic costs as the result of

Figure A-2. Development of Irrigation Costs for SOR for the John Day Pool
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the lower pool elevation. Increased power cost estimates for
elevations between the zero point (264) and MOP were interpolated.

The second cost was the cost of pump modification. Typical
modifications to pumps include lengthening pipes, adding stronger
pumps, and installing fish screens. For this analysis, it is
assumed that modification costs begin when a water surface level is
reached where the pump station is affected. Interviews conducted
by IRZ with pump station owners were used to identify the water
surface level where each particular pump station was affected. Pump
modification cost estimates for elevations between the zerc point
(where the particular pumper said he was affected) and MOP were
interpolated.

To calculate annual modification costs, I assumed pumps were
modified according to the lowest drawdown month for that
alternative based on the hydro-regs. If the average elevation for
a particular alternative on John Day pool is 260 in May and 257 in
June, it is assumed the annual pump modifications costs are those
associated with modifying the pumps to operate at 257.

The third cost was the increased cost of operation and
maintenance associated with the increased pumping facilities (more
pumps and pipes). This cost was estimated at 3% of the pump
modification cost.

6. Estimating Monthly Increased Power Costs. To estimate the
monthly increased power costs, data on the amount of power usage
per month was necessary. I used Columbia~Snake Drawdown Studies,
Mitigation of Irrigation and Water Supply Impacts, John Day Project
- Irrigation Withdrawals for Oregon and Washington, John Day Pool.
The study had the percent of irrigation occurring during a given
month. To get the increased power costs, I multiplied the 25 mills
(or 33.5 mills) - kw/hr figure by the increased energy (kw/hr)
needed to punmp from the lower water surface to get the annual
increased power cost. To estimate the monthly cost, I multiplied
the annual figure by the percentage of irrigation occurring during
that month (all months egqual 100%). For the half months,
irrigation usage was assumed to be one-half of what occurs during
the month.

Both pump modification and increased O & M are in annuval terms

and do not wvary by month. The pump modifications costs are
annualized at a rate of 7 3/4% and 3% over 20 years.

7. Pump Station Uses, Bovay and IRZ identified a total of 25 pump
stations that will be impacted. Twenty-four are characterized as

for agricultural use, One pump station. is characterized as for
agricultural\wildlife\recreation use. Other facilities impacted

are discussed below.

Figure NO TAG. Development of Irrigation Costs for SOR for the John Day Pool - CONT

1995 FINAL EIS A-113




A Irrigation Appendix

8. Estimated Costs for Other Facilities Affected by Draw-down.
Costs on other non-irrigation facilities comes from CRSMA - SCS,
Phase 1, Appendix B, Johnh Day Reserveoir, Minimum Operating Pool,
Technical Report, April 1924 for the John Day pool. Work has begun
on the Evaluation (Feasibility) Study/Design Report for mitigation
of damages caused by the proposed drawdown. Where preliminary
feasibility level estimates have been made they are incorporated
into this analysis. Other non-irrigation facilities include
modifying the Umatilla and Irrigon Hatcheries to receive water;
modifying the City of Boardman's M & I Pump; modifying groundwater
wells affected by the drawdown; extending the pipeline for the City
of Umatilla's sewage treatment outfall; dredging the Umatilla River
to prevent sedimentation blockage for salmon; extending pipes for
pumps used by Columbia Aluminum; extending pipes for pumps used by
a school in Umatilla to irrigate a ball field.

JIM K. FREDERICKS
Economics Section
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