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Executive Summary

The Odessa Subarea Special Study (Study) is investigating replacing groundwater
currently used for irrigation in the Odessa Ground Water Management Subarea
with surface water as part of continued phased development of the Columbia
Basin Project (CBP). The aquifer is declining to such an extent that crop
irrigation is at risk, and domestic, commercial, municipal, and industrial uses and
water quality are also threatened. In response to the public’s concern about the
declining aquifer and associated economic and other effects, Congress has funded
the Bureau of Reclamation (Reclamation) to investigate the problem. The State
of Washington has partnered with Reclamation by providing funding and
collaborating on various technical studies.

Potential Actions

Reclamation can only deliver water to lands authorized to receive CBP water. Up
to 140,000 groundwater-irrigated acres in the Study area are eligible to receive
CBP surface water.

To develop comprehensive alternatives, the Study divided actions into:

e Water delivery alternatives. Water delivery alternatives consist of
infrastructure such as canals, pumping plants and laterals—and possible
configurations of these facilities—to convey or deliver surface water to the
groundwater-irrigated lands. These alternatives involve either building a
new East High canal system or expanding or using the existing East Low
Canal system or combinations.

e Water supply options. Water supply options consist of various storage
facilities that could store the replacement surface water supply for use in
the Odessa Subarea.

These alternatives can be combined in various configurations for full operational
alternatives, which would include both water delivery and storage. Several water
supply options may be needed to provide sufficient water supply for an
alternative.

Water Delivery Alternatives
Four water delivery alternatives were examined:

e Alternative A. Construct a new East High canal system sized to 30
percent capacity of the original feasibility plan; siphons and tunnels sized
to 100 percent capacity.

e Alternative B. Construct the northern portion of a new East High canal
system sized to 15 percent of the capacity of the original feasibility plan;
siphons and tunnels sized to 100 percent of that capacity. Enlarge the
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existing East Low Canal sections south of Weber Branch Siphon (near
Interstate 90 [1-90]) and construct a 2.3 mile extension east towards
Connell, Washington.

e Alternative C. Enlarge the existing East Low Canal sections south of

Weber Branch Siphon (near 1-90).

e Alternative D. Construct distribution facilities to serve lands north of
1-90. This alternative uses the existing East Low Canal configuration;
however, the canal capacity only allows serving lands north of 1-90.

Table S-1 shows the amount of water needed for each alternative and the number
of acres that each alternative would supply. Chapter 3 describes the water
delivery alternatives.

Table S-1. Appraisal-level alternatives and estimated water supply needs

Percent of
Total
Potential Groundwater-
Groundwater Irrigated
Estimated Acreage to be Acres in
Water Supply Needs* Supplied Study Area
Alternatives (acre-feet) (acres) Supplied
A 515,300 140,000 100
B 453,200 127,300 91
C 216,800 70,100 60
D 125,900 48,000 40

*Alternative A uses entirely new conveyance infrastructure and will introduce new conveyance system
losses. Alternative B uses less new conveyance infrastructure and relies more on existing conveyance
infrastructure thus introducing less new conveyance system loss.

Water Supply Options

Reclamation would need to divert additional Columbia River water greater than
current CBP diversions to provide a replacement water supply for groundwater
irrigation in the Study area. Reclamation has a 1938 “withdrawal” which set
aside water to irrigate the remaining authorized acres of the CBP. However,
Reclamation would need to comply with the National Environmental Policy Act
(NEPA), the Endangered Species Act (ESA), and other regulatory requirements
and procedures before it could divert additional Columbia River water.

This Study assumed that water from the Columbia River would be diverted in a
manner that would not affect flow objectives identified by the National Marine
Fisheries Service (NMFS) to benefit salmon and steelhead listed under the ESA.

Figure S-1 presents a modeled analysis conducted by Reclamation, comparing the
volume of Columbia River water above ESA flow objectives for the driest
consecutive 10 years of record with the water demand required to provide a full
replacement supply for all 140,000 groundwater-irrigated acres in the Study area.

Vi
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Reclamation’s analysis determined that Columbia River flows exceed these flow
objectives in some fall and winter months, even in the driest years.
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Figure S- 1. Volume of Columbia River water available for 1936-1945 (gray)
compared to the volume required to replace all groundwater-irrigated acres
in the Study area (black).

Reclamation’s water diversion strategy is to divert water in the fall months,
storing it for later use during the irrigation season. The replacement supply could
be provided by operating existing CBP storage sites differently or constructing
new storage. The appraisal-level investigation examined modifying operations at
the following storage facilities:

e Banks Lake drawdown. Draw the existing lake to lower levels than
current operations. Alternative A would require an additional 16 feet of
draw down below current operation; Alternative D would require about
4 feet of additional draw down.

e Banks Lake raise. Raise the operational water surface of the reservoir by
2 feet. This may require raising the crest of the two dams forming Banks
Lake to allow more storage.

Vii
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e Potholes reoperation. Adjust the timing of water storage in the reservoir
by feeding some water in the fall, rather than in the spring. This may
require structural modifications to O’Sullivan Dam and acquisition of
downstream right-of-way along Lower Crab Creek to provide for changes
to downstream flood passage.

Another option for proving a replacement water supply would be to construct new
storage facilities that could be filled in September and October for use in April
through August. Potential reservoir sites examined included:

e Dry Coulee reservoir. The reservoir would have an active storage
capacity of 481,000 acre-feet. The reservoir would be filled via a new
inlet canal from the existing Main Canal at a location upstream of Summer
Falls. An upper outlet would feed to the West Canal immediately
upstream of the existing West Canal Siphon. A lower outlet would
discharge into Crab Creek for reservoir evacuation.

e Rocky Coulee reservoir: The reservoir would have an active storage
capacity of 126,000 acre-feet. Water would be pumped into the reservoir
and then pumped back to the East Low Canal to serve downstream
farmlands to the south.

e Lower Crab Creek reservoir. The reservoir would have an active
storage capacity of either 472,000 acre-feet or 200,000 acre-feet. The
reservoir would be filled from releases from Potholes Reservoir via Lower
Crab Creek. Acquisition of right-of-way along Lower Crab Creek would
be required to provide for increased flows downstream. Water would be
returned to the Columbia River during the irrigation season to offset the
upstream diversions at Grand Coulee Dam, which would supply the
replacement water.

Table S-2 shows the amount of storage and groundwater acres served for each
water supply option. Chapter 4 describes the water supply options.

Cost Estimates

Cost estimates were developed based on preliminary engineering designs and
analysis, using limited available data and information. The designs were based on
design data developed in previous Reclamation studies (completed between the
1960s and 1980s) supplemented with limited additional data. The design data
collected for future studies may change future cost estimates significantly from
those presented here. The cost estimate data presented here are preliminary and
are not suitable for determining actual construction costs or requesting
construction fund appropriations from the Congress. However, they are
acceptable for making relative comparisons between the proposed water delivery
alternatives and water supply options examined.

These cost estimates encompass field costs (direct cost of materials and services
for construction of facilities) and noncontract costs (which include investigations,

viii
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development of designs and specifications, construction engineering and
supervision, and environmental compliance). Noncontract costs are calculated as
20 to 40 percent of the field costs.

Table S-2. Water supply options — active storage and groundwater-irrigated acres

served
Active Groundwater Irrigated
Storage Acres Served
Alternative (acre-feet) Acres Percent Comments
No modifications to dams required.
Depending on the extent of draw down,
there could be environmental, cultural, and
50,000 for social impacts. Draw down up to 16 feet

1) Banks Lake every 2-foot Upto from baseline required for full replacement

drawdown drop 140,000 100 supply.

2) Banks Lake Modification to embankments of both dams

raise 50,000 16,700 12 and to Grand Coulee Feeder Canal.

3) Potholes

Reservoir

reoperation 50,000 16,700 12 Structural modifications to O’Sullivan Dam,.

4) Dry Coulee

reservoir 481,000 140,000 100 Two rockfill embankment dams proposed.

5) Rocky Coulee

reservoir 126,000 46,900 34 Earthfill embankment dam proposed.
Rockfill embankment dam proposed; filled

6) Lower Crab 200,000 60,000 43 from releases from Potholes Reservoir via

Creek reservoir 472,000 140,000 100 Lower Crab Creek.

A single field-cost estimate was developed for each water delivery alternative and
water supply option, and then adjustment factors were developed to arrive at a
range of most probable estimates (i.e., most probable low and the most probable
high). Adjustments were based on level of confidence in the data. Chapter 5
provides additional information about developing cost estimates.

Figure S-2 shows the estimated construction cost range for the water delivery
alternatives. These costs do not include the cost of providing a new water supply.
Figure S-3 shows the estimated construction cost range for the water supply
options. Banks Lake drawdown, as currently configured, does not have a
construction aspect. This may change, depending on later findings. Figure S-4
shows a cost comparison per acre served for water delivery alternatives. The
costs in Figure S-4 were calculated by combining water delivery alternatives and
water supply options in workable configurations, calculating combined costs, and
then calculating the cost per acre.
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Water Delivery Alternatives - Appraisal Cost Estimate Range
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Figure S-2. Appraisal cost estimate range by water delivery alternative
(in billions).
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Figure S-3. Appraisal cost estimate range for each water supply option
(in billions).
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Estimated Total Appraisal Cost Estimate Range per
Acre
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Figure S-4. Appraisal cost estimate range by acres served for water
delivery alternative and water supply combinations.

The total combined cost of providing a replacement water supply to groundwater-
irrigated lands will depend on which water supply option or options are combined
with a water delivery alternative. Several water supply options may be needed to
provide the replacement water supply required.

Findings and Recommendations

Reclamation reviewed the information developed during the appraisal-level
investigation and considered public feedback to compare and evaluate the water
delivery alternatives and water supply options. (See Chapter 6). The engineering
investigation determined that all four water delivery alternatives and the six water
supply options examined are technically feasible.

Reclamation has decided to initiate additional study of water delivery

alternative B in the next Study phase. It was determined that this alternative
balances maximizing use of existing CBP infrastructure, while providing a
replacement supply to sufficient groundwater acres to benefit the aquifer.
Further, initial cost estimates indicate that the costs per acre served are within the
same general range as other alternatives examined, but they serve more acres.

Reclamation will continue to study operations modifications at Banks Lake,
including a 2-foot operational raise, additional draw downs, and modifications at
Potholes Reservoir as possible replacement water supply options. These three
water supply options are the most cost effective because they use existing CBP
storage facilities. Reclamation will also initiate additional studies of Rocky
Coulee as a potential new storage site, as additional storage may be required to
minimize the effects associated with modifications in existing facility operations

Xi
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(e.g., additional draw down of Banks Lake). Of the three potential storage sites
examined, the Rocky Coulee location provides operational flexibility within the
CBP and is less expensive to build.
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1.0 Introduction

The Bureau of Reclamation (Reclamation) is conducting the Odessa Subarea Special Study
(Study) to investigate the continued phased development of the Columbia Basin Project (CBP) to
replace groundwater currently used for irrigation in the Odessa Ground Water Management
Subarea (Odessa Subarea) with CBP surface water. Reclamation has completed appraisal-level
investigations of four water delivery alternatives and six water supply options that could provide
a replacement surface water supply. The alternatives and options include constructing a new
canal system or enlarging and expanding existing canals, as well as possibly constructing new
storage facilities. The investigation examined the engineering viability, developed preliminary
cost estimates, and identified potential environmental and social issues. This report documents
the investigations.

1.1 Study Authority

The CBP is a multipurpose development in the central part of the state of Washington (State).
The key structure, Grand Coulee Dam, is on the mainstem of the Columbia River about 90 miles
west of Spokane, Washington. The Grand Coulee Dam Project was authorized for construction
by the Act of August 30, 1935, and reauthorized and renamed in the Columbia Basin Project Act
of March 10, 1943. Congress authorized the CBP to irrigate a total of 1,029,000 acres; about
671,000 acres are currently irrigated.

The 1943 Columbia Basin Project Act subjected the CBP to the requirements of the Reclamation
Project Act of 1939. Section 9(a) of the 1939 Act gave authority to the Secretary of the Interior
(Secretary) to approve a finding of feasibility and thereby authorize construction of a project
upon submitting a report to the President and the Congress. The Secretary approved a plan of
development for the Columbia Basin Project (Reclamation 1944), which was then transmitted as
a joint report, known as House Document No. 172, to the President and to the House Irrigation
and Reclamation Committee in 1945, thereby satisfying these requirements. (When the
Secretary recommended a project to Congress, the feasibility report and Reclamation’s Regional
Director’s report were customarily printed as a House Document.) The Odessa Subarea Special
Study is conducted under the authority of this Act, as amended, and the Reclamation Act of
1939.

Congress authorized the continued irrigation development of the CBP using a phased
development approach. House Document No. 172 anticipated about a 70-year period of
incremental development to complete the CBP. Reclamation is authorized to implement
additional phases as long as the Secretary finds it to be economically justified and financially
feasible.

This Study is a special study investigating another developmental phase of the CBP. The Study
will involve a feasibility-level analysis, as it is anticipated that the Office of Management and
Budget and other decisionmakers may require this level of analysis before appropriations for
new construction will be made. Further, this study approach will help the Secretary determine
the financial and economic feasibility of a preferred alternative as stipulated in current contract
provisions with CBP beneficiaries.
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1.2 Purpose and Need

Groundwater in the Odessa Subarea is currently being depleted to such an extent that water must
be pumped from great depths. Pumping depths are 750 feet in some areas, and well depths are as
great as 2,100-2,400 feet. Well drilling well costs and pumping water from this depth have
resulted in expensive power costs and water quality concerns such as high water temperatures
and high sodium concentrations. The ability of farmers to irrigate their crops is at risk.
Domestic, commercial, municipal, and industrial uses and water quality are also affected. Those
irrigating with wells of lesser depth live with uncertainty about future well production (See
Section 2.4.4, “Water-level Declines”).

Washington State University conducted a regional economic impact study assessing the effects
of lost potato production and processing in Adams, Franklin, Grant, and Lincoln counties from
continued aquifer decline. Assuming that all potato production and processing is lost from the
region, the analysis estimated the regional economic impact would be a loss of about $630
million dollars annually in regional sales, a loss of 3,600 jobs, and a loss of $211 million in
regional income (Bhattacharjee and Holland 2005).

Another study examined the regional economic impacts for Adams and Lincoln counties from
possible agricultural production losses for other crops that might result with continued aquifer
decline (Razack and Holland 2007). Two scenarios were examined. One scenario assumed a 10
percent reduction in agricultural production would occur with an estimated $20 million reduction
in regional income and a 295 job loss for the two counties (Razack and Holland 2007). A second
scenario assumed a 10 percent crop production loss combined with loss of the frozen potato
processing product in the two counties would occur with an estimated $30 million loss of
regional income and a 465 job loss for the two counties. If all deep well agricultural production
were lost, an estimated 4650 jobs would be lost, equating to about 32 percent of total jobs in the
two counties.

Action is needed to avoid significant economic loss to the region’s agricultural sector because of
resource conditions associated with continued decline of the aquifers in the Odessa Subarea. The
purpose of actions proposed in this report is to meet this need by replacing the current and
increasingly unreliable groundwater supplies with a surface supply from the CBP as part of
continued phased development of the CBP as authorized. An estimated 170,000 acres within the
Odessa Subarea are now being irrigated with groundwater. An estimated 140,000 of these acres
are within the Study area boundaries. See Section2.1, “Study Location.”

1.3 Study Background

As mentioned previously, the CBP is authorized to irrigate 1,029,000 acres; about 671,000 acres
(approximately 65 percent of the acreage authorized by Congress) are currently irrigated. These
lands, known as first half lands, were developed primarily in the 1950s and 1960s, with some
acreages being added sporadically until 1985. Prior studies examined the merits of continuing
the incremental development approach for the CBP. However, for various reasons, development
did not occur.

The State issued irrigation groundwater permits in the 1960s and 1970s in the Odessa Subarea as
a temporary measure until the CBP was developed to provide surface water to these lands. The
aquifer has now declined to such an extent that the ability of farmers to irrigate their crops is at
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risk and domestic, commercial, municipal, and industrial uses and water quality are affected.
Local constituents have advocated that Reclamation investigate CBP development to replace
groundwater with CBP water as a possible solution for issues associated with the declining
aquifer. In response to public concern about associated economic and other effects, Congress
provided funding to Reclamation beginning in fiscal year 2005 to investigate opportunities to
provide CBP water to replace groundwater use in the Odessa Subarea.

The State supports investigation of CBP development to provide a replacement for current
groundwater irrigation. The State, Reclamation, and the CBP irrigation districts signed the
Columbia River Initiative Memorandum of Understanding (CRI MOU) in December 2004, to
promote a cooperative process for implementing activities to improve Columbia River water
management and water management within the CBP. The Odessa Subarea Special Study
implements Section 15 of the CRI MOU, which states in part that, “The parties will cooperate to
explore opportunities for delivery of water to additional existing agricultural lands within the
Odessa Subarea.” The State provided a cost-share through an Intergovernmental Agreement
between Washington Department of Ecology (Ecology) and Reclamation in December 2005 to
fund this Study.

In February 2006, the State legislature passed the Columbia River Water Resource Management
Act (HB 2860) that directs Ecology to aggressively pursue development of water benefiting both
instream and out-of-stream uses through storage, conservation, and voluntary regional water
management agreements. Reclamation’s Odessa Subarea Special Study is one of several
activities identified in the legislation. Additional Study background is located at:
<http://www.usbr.gov/pn/programs/ucao_misc/Odessa/>.

1.4 Previous Study-Related Investigations

Reclamation began the Study in 2005. A Plan of Study (Reclamation 2006 [Odessa POS]) was
first published that provided study background and purpose, described potential issues, outlined
study steps and requirements, and identified required resources.

Reclamation completed a pre-appraisal-level investigation through a Project Alternative
Solutions Study (PASS) late in 2006. The investigation is documented in a report entitled Initial
Alternative Development and Evaluation, Odessa Subarea Special Study (Reclamation 2006
[PASS]).

The PASS was conducted with the assistance of two teams: the Objectives Team and the
Technical Team. The Objectives Team was comprised of various stakeholders in the Study area
including Federal and State agencies, local governments, Tribes, CBP irrigation districts, and
groundwater irrigators. This team developed Study objectives that were used to rank alternative
concepts, including:

e Replace all or a portion of current groundwater withdrawals within the Study area with
CBP water.

e Maximize use of existing infrastructure.
e Retain the possibility of full CBP development in the future.
e Address Endangered Species Act (ESA) issues.
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e Meet National Marine Fisheries Service (NMFS) seasonal flow objectives.
e Address the potential impact to shrub-steppe habitat for ESA-listed species.
e Provide environmental and recreational enhancements.

e Minimize potential delay in the Study schedule.

e Be developed in phases.

The Technical Team was comprised of engineers, a hydrogeologist, a watermaster, and irrigation
district managers from Reclamation, Ecology, and the CBP irrigation districts. The Technical
Team developed preliminary alternative concepts, suggested by the public and examined in
previous investigations, and ranked them using the Study objectives developed by the Objectives
Team. The Technical Team then recommended water delivery alternatives and water supply
options for further study based on this evaluation. The PASS assumptions and recommendations
helped guide the scope of the appraisal-level investigation described in this report.

1.5 Appraisal-Level Investigation Scope

This Study phase investigated alternatives for delivering water and options for storing a
replacement water supply.

o Water delivery alternatives. These alternatives consist of possible infrastructure (such
as canals, pumping plants, and laterals) and possible configurations of these facilities to
convey or deliver surface water to the groundwater-irrigated lands.

e Water supply options. Water supply options consist of various existing or proposed
storage facilities that could store the replacement surface water supply for use in the
Odessa Subarea.

Four water delivery alternatives and six water supply options were considered to be viable
enough to investigate at the appraisal-level. The information and assumptions developed during
the PASS were reviewed and verified, or revised as appropriate. Refinements included
identifying specific groundwater-irrigated land areas to receive a replacement surface water
supply and calculating the number of groundwater-irrigated acres served and replacement water
supply volumes for each alternative. This information is presented later in this report.

The appraisal-level investigation predominantly relied on existing data and included additional
limited engineering, geologic, hydrologic, and hydrogeologic analyses to assess the technical
feasibility of alternatives and options and to develop preliminary cost estimates to allow
comparison among alternatives. Engineering designs and cost estimates are based on previous
studies and limited design data, including investigations of the East High canal system conducted
in the 1960s and 1970s, construction drawings and geology logs from previous investigations,
and drawings from construction of existing CBP facilities such as the East Low Canal. Limited
additional data were developed (e.g., hydrologic modeling to simulate operations to help
determine the sizing of canals and pumping plants).

Reclamation, with the assistance of the U.S Fish and Wildlife Service (FWS), Washington
Department of Fish and Wildlife (WDFW), and Confederated Tribes of the Colville Reservation
conducted a preliminary inventory of potential environmental and cultural issues and concerns.
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Much of this information was obtained from Geographic Information System (GIS) databases
developed by State and Federal agencies. Many of these datasets are not complete or available
for the entire Study area.

When the Study moves forward into feasibility-level investigation, extensive environmental
surveys and analyses will be performed to verify the presence of resources and more accurately
assess effects to cultural and historic resources, species, habitat, and other possible effects.

The information presented here is appropriate for an appraisal-level investigation to identify
major constraints to implementing an alternative or issues that make an alternative infeasible or
potentially cost prohibitive. Reclamation’s appraisal-level analyses and activities summarized in
this report include:

Geology studies. Inventory at appraisal-level to assist engineering efforts
Hydrogeology studies. A literature review of existing data and well measurement data
Hydrologic modeling. Simulations of CBP operations, alternatives, and options
Cultural resource surveys. Class 1 and Traditional Cultural Properties (TCPs)

Fish and Wildlife Coordination Act (FWCA) consultation. Preliminary identification
of possible fish and wildlife issues

Engineering studies. Appraisal-level engineering designs and analyses to verify
technical feasibility and estimate costs
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2.0 Study Setting

The following section describes the general setting and resources located within the Study area.

2.1 Study Location

The CBP is in central Washington, east of the Cascade mountains. The CBP currently serves a
total of about 671,000 acres in Grant, Lincoln, Adams, Walla Walla, and Franklin counties, with
some northern facilities located in Douglas County.

The Odessa Subarea overlaps the CBP boundaries. The Washington legislature (WAC 173-
128A) designated the Odessa Subarea in 1967 as a groundwater management area due to
groundwater-level declines resulting from groundwater pumping. The Odessa Subarea covers
about 2,000 square miles (639,600 acres) and has about 170,000 acres irrigated with
groundwater. In Figure 1, the Odessa Subarea is outlined by a solid black line.

Reclamation can only deliver water to lands authorized to receive CBP water (i.e., lands
determined to be irrigable and certified by the Secretary). Reclamation conducted a land
classification survey in 1976 to identify irrigable lands (Reclamation 1976). This survey was
certified by the Secretary. The tan shaded area on Figure 1 identifies lands certified as irrigable.

The Study area is defined by those lands both authorized to receive CBP water and within the
Odessa Subarea. There are approximately 140,000 acres of groundwater-irrigated acres that are
eligible to receive CBP water in the Study area, (shown by the green circles on Figure 1). These
lands are in Adams, Grant, and a small portion of Franklin and Lincoln counties. Most of the
eligible lands are within the East Columbia Basin Irrigation District (ECBID), with a few lands
in the South Columbia Basin Irrigation District (SCBID).

2.2 Climate

The climate in the Study area is primarily arid, with an average of 7.4 inches of precipitation and
17.4 inches of annual snowfall at Ephrata, and 19.5 inches of precipitation and 18.0 inches of
snowfall at Walla Walla (Washington State Climatologist 2006). Figure 2 shows the annual
precipitation. Most precipitation occurs during the winter months, and the summers are hot and
dry.

2.3 Geology

Numerous geologic investigations have been conducted in the Columbia River basin. and are
documented in reports authored by Reclamation, U.S. Geological Survey (USGS), Washington
Department of Natural Resources, and consultants for the U.S. Department of Energy’s Hanford
Reservation. This section summarizes relevant information from these sources.



Study Setting

|
Odessa Eﬁ rk N Odessa Ground Water Feeder Canal RAND|COULEE DAM FERRY STEVENS
Special g}ﬁ rgf Management Subarea =
NORTH DAM (0
l:l Agricultural fields irrigated with i /(//
groundwater and within Study Area 'I Lake )
= ReclamationDam “~\., Canal or Wasteway f ' Roosevelt /”@/,
t"',-_ County “_~ River or Stream ! !
¢ Imigation District 5  Waterbody !
Represents current and |
petitioned boundary Banks |
0 5 10 15 2 Lake |
L " 1 1 1 " ] )
Miles |
1
|
DRY FALLS DAM )
i i
LINCOLN
— z '
G |
DOUGLAS ryBle !
_ Lake £l
P 3 |
Lake| " N
Lenore Billy |
Clapp Lake A pinTo DAM |
) |
.r \Nes\ cars .
r Soap
| Lake]
i N
T 3 Sylvan Lake
—~ [¢f L~
CHELAN | 2
bR
2 cbapirtince ; Odessa Ground Water
X T8 E
o S 5% , Management Subarea
§  GRANT Moses giams §oorad
& Lake o SR Sl ¥
I 3 e e
L K
> 2 o L
] , B
© Potholes @
g Reservoir h/}?o'o . Resessal
Frenchman e go ADAMS
HillsglLake Y . X
renchman Hill >
Frenchman Hills Lo w o
Tunnel West ¢, O'SULLIVAN DAM [ &
KITTITAS unne ‘:c al o Ir -
£ B —_—
2 — 3
<
3
| 8
Lower Crab Creek 2 ]
| P
3 "
3 i
3 hird )
Wahluke Branch Canal Scooteney $ i % o
Wahluke Siphon\Vasteway. N 2 -
>~ — -t —_—
I '
.
_l Scootene WHITMAN
R Reservoir ¥
1 RIVEX
\, Coump 2 . )
5 S
g &
s 5 1
hy 7 f
< &
YAKIMA @ & |
Y <k |
A Eltopia |
Ringold < |
Wasteway A
BENTON o & |
v"\z 55 Q !
S 3, FRANKLIN |
This reference graphic is intended for informational purposes only. It is meant to < 2 |
assist in feature location relative to other landmarks. Geographic features and |
boundaries have been intentionally simplified in an attempt to provide a more |
readable product. No representation is made as to accuracy of this document. Esq,,a |
Irrigation district boundaries do not represent the true legal boundaries of the | e Ton 4
districts. They are approximations based on previous hard-copy maps of differing angy |
scales and not on any survey data.
. ) BENTON - ) ) el
Upper Columbia Area Office, Ephrata Field Office & Pacific Northwest Regional Office sna\‘e RV
Prepared by OSSE]
Buray of eclamalon Gl DARECLAMATION WALLA WALLA
on September 25, 2006 Managing Water in the West

Figure 1. Study area boundaries.



Appraisal-Level Investigation Summary of Findings
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Figure 2. Annual precipitation measured at Reclamation’s Odessa Agrimet station.

The Study area is in the northeast-central portion of the Columbia River Basalt Province. The
Columbia River basin contains Miocene or Micoene-age (17 to 6 million years ago) basaltic
flood lava that erupted from vents near the present boundary between Washington, Oregon, and
Idaho. Individual flows were about 100 feet thick on average and covered hundreds to thousands
of square miles. Extended time periods between eruptions allowed for the deposition and
formation of sedimentary interbeds between basaltic flows. Late Pliocene-age fluvial and
lacustrine sediments form the Ringold Formation, which overlies the basalt in the southern
portion of the basin.

The history from the end of the Pliocene-age to the present is characterized by prolonged periods
of loess and soil accumulation and periodic catastrophic flooding. A glacial ice dam impounded
water in western Montana, forming Lake Missoula. The glacial dam failed repeatedly, releasing
large amounts of water into the Columbia River drainage. Floodwater diverted by the Okanogan
Ice Sheet flowed across the Columbia River Plateau, where it formed the region that

Mr. J. Harlen Bretz named the “Channeled Scabland” (Baker and Nummedal 1978). High-
velocity floodwater eroded the basaltic layers and formed the large, flat-bottomed channels in the
Grand Coulee region north of the Odessa Subarea. Floodwaters also spilled over and eroded
channels through the surface sediments and underlying basalt in the Odessa Subarea.

The Odessa Subarea is a loess-mantled upland dissected by flat-bottomed coulees with floors
that merge with the Quincy Basin to the west. The Palouse Formation is loess that was not
stripped away by the last major episode of flooding, which occurred between about 18,000 and
13,000 years ago (Baker and Nummedal 1978). The fluvial and lacustrine outburst flood
deposits of the Channeled Scablands are more prevalent west of the Odessa area. The main
valleys and coulees that dissect the Study area include the Upper Crab Creek, and Black Rock,
Rocky, Weber, Lind, and Washtucna coulees.
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2.3.1 Structure

The Palouse Subprovince is structurally simple and is the least deformed region in the Columbia
River Plateau. With only minor faults and low-amplitude, long-wavelength folds, these
structures alter an otherwise gently southwestward-dipping paleoslope (Reidel et al. 1989). The
entire Columbia River Plateau was regionally tilted from an elevation of about 2,500 feet in the
northeast to about 400 feet in the southwest near Pasco, Washington (Baker and Nummedal
1978). The Lind Coulee Flexure (anticline), south and southeast of Potholes Reservoir and
O’Sullivan Dam, is one such feature identified in the area. In addition, the Lind Coulee Fault is
a reverse fault that has been mapped along the north side of the Frenchman Hills in the lower
reaches of Lind Coulee. The mapping shows that the fault cuts sediments that overlie Columbia
River Basalt in several places (Reidel and Campbell 1989). Studies conducted for Reclamation
show that Pleistocene loess is faulted and that still younger loess and flood deposits overlying the
basalt are unfaulted. It appears that movement occurred on the fault during the Pleistocene, but
the latest movement is older than the most recent catastrophic floods (Reidel and Campbell
1989).

2.3.2 Stratigraphy

The Odessa Subarea sediments include the Late Pliocene-age Ringold Formation, pleistocene-
age loess of the Palouse Formation, Lake Missoula outburst flood deposits, and recent alluvial
deposits and sand dunes. Bedrock units include the Grande Ronde and Wanapum Basalt
Formations of the Columbia River Basalt Group. These geologic units are described in the
Appraisal Assessment of Geology at Potential Dam and Pumping Plant Sites, Odessa Subarea
(Reclamation 2007 [Geology]). Individual surface and bedrock units are described in
Appendix A.

The Grande Ronde Basalt underlies the entire Study area and consists of as many as

131 individual flows (Tolan et al. 1987). In the Odessa Subarea, the Grande Ronde ranges from
about 2,000 to 7,000 feet thick (Hansen et al. 1994). The extent and thickness of individual
members within the Grande Ronde have not been mapped but are generally distinguished by
their paleomagnetic properties (reversed or normal polarity relative to current conditions). Few
sedimentary interbeds exist between Grande Ronde Basalt flows. However, the top of the
Grande Ronde is distinguished in most places by a sedimentary interbed, locally called the
Vantage. The Vantage interbed consists mainly of claystone, siltstone, and sandstone and is
usually a confining unit. The Grande Ronde is exposed at the land surface at the northern margin
of the Columbia River Plateau and where erosional features have removed the overlying units,
such as in some of the deeper coulees and stream valleys.

The Wanapum Basalt overlies the Grande Ronde and ranges from about 200 to 800 feet thick in
the Study area. The Wanapum generally contains about 33 individual basalt flows (Tolan et al.
1987) and has been subdivided into four members on the basis of petrology and magnetic
polarity. The younger three members, Frenchman Springs, Roza, and Priest Rapids, are
widespread on the plateau and found in the Study area.

Sedimentary interbeds between individual basalt flows are more common in the Wanapum than
in the Grande Ronde, but these are relatively thin and not laterally extensive. Composition of the
interbeds ranges from gravel to clay.

10
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2.4 Groundwater

The aquifers underlying the Odessa Subarea are part of the larger Columbia River Plateau
aquifer system. This aquifer system is the area’s primary source of municipal, industrial,
domestic, and irrigation water. Figure 3 shows the aquifer area.

Groundwater development began around 1950 and increased significantly in the 1960s and
1970s due to advances in drilling and pump technologies. In the Odessa Subarea, groundwater
pumping increased from about 25,000 acre feet in 1963 to about 212,490 acre feet in 1984 and
the number of large-capacity irrigation wells increased from 170 in 1963 to 618 in 1977 (Cline
1984). Initially, most of the wells were less than 1,000 feet deep and tapped the Wanapum
Basalt aquifer. By 1977, many wells had been drilled deeper than 1,000 feet and tapped both the
Wanapum and the underlying Grande Ronde Basalt aquifers.

The State legislature in 1967 designated the Odessa Subarea as a groundwater management area
due to groundwater-level declines from groundwater pumping. The regulations require that three
conditions be maintained within the management area:

e The rate of decline in groundwater level will be limited to no more than 30 feet in any
three consecutive years (modified in 1975 to limit water-level declines to 10 feet per

year).

e The total decline in groundwater level will be limited to no more than 300 feet below the
static water level that existed in the spring of 1967.

e No new permits will be issued for groundwater withdrawals within the Odessa Subarea
that would cause the limitations of conditions 1 and 2 above to be exceeded.

In 1998, a Groundwater Management Area (GWMA) was formed in response to water quality
concerns. The GWMA initially included Franklin, Adams, and Grant counties. Lincoln County
joined in 2005. Detailed stratigraphic mapping of sediments, water quality sampling, and
agricultural water use studies have been conducted as part of the GWMA program (GWMA
2001). Figure 4 shows the locations of the GWMA, Odessa Subarea, and Reclamation’s eligible
Study area.

2.4.1 Groundwater Occurrence and Movement

An understanding of the geologic setting, the distribution and thickness of the geologic units,
their hydrologic properties, and structural characteristics is important in determining the
occurrence and movement of groundwater. See Section 2.3, “Geology,” for a description of the
geologic framework underlying the Study area.

Sedimentary materials that overlie the basalt host important aquifers in parts of the CBP. The
Pliocene- to Holocene-aged sediments were deposited under fluvial, glaciofluvial, and eolian
conditions. The aerial extent and thickness of these deposits vary greatly, with a maximum
thickness of more than 200 feet in the Quincy Basin (Hansen 1994). The GWMA study defined
and mapped three hydrostratigraphic units in the “suprabasalt sediments” (sediments that overlie
the basalt) (Kennedy/Jenks and Franklin County Conservation District [FCCD] 2006). These
include a coarse-grained Quaternary clastic unit, Quaternary loess, and the Miocene-Pliocene
Ringold Formation. The Quaternary clastic unit includes sand dunes, alluvium, and cataclysmic
flood deposits. These sediments are uncemented, have relatively high permeability, and

11
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Figure 3. Aquifer location map.




Appraisal-Level Investigation Summary of Findings

Figure 4. Boundaries of the Odessa Subarea (blue), GWMA (yellow), and
Reclamation’s eligible CBP area (red).

comprise shallow, unconfined aquifers. The Quaternary loess is generally confined to the upland
areas, is fine grained, and does not typically serve as a productive aquifer. The Ringold
Formation is highly variable. It generally origited deposits. The enates from rivers but also
contains lake and variably-cemenxtent of the unit and lithology varies by location and depends
on closeness to a stream or lake during deposition. Aquifers within the Ringold range from
unconfined to locally confined.

The extent and continuity of the basalt units, as well as thickness and composition of the
individual flows and their relation to overlying sediments, varies greatly, creating a complex and
heterogeneous aquifer system. The regional dip of the basalt, approximately 5 degrees toward
the southwest, influences regional groundwater flow direction. Internal structure and physical
properties of the individual basalt flows have considerable influence on the local occurrence and
movement of groundwater.

13
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2.4.2 Hydraulic Properties

Hydraulic and storage properties of the basalts range over several orders of magnitude and
demonstrate how variable these units are (Table 1). Groundwater moves most readily through
the interflow zones (flow tops and bottoms), though these zones comprise only 5 to 10 percent of
the thickness of an individual basalt flow (Whiteman et al. 1994). In the dense-flow interiors,
lateral water movement is probably negligible, since the predominant fractures are usually near-
vertical and are often filled with secondary mineralization. Vertical water movement, though
diminished by fracture in-filling, does occur. Vertical water movement is sizeable when
considered over the entire aquifer area, though it is relatively small compared to the volume of
lateral movement through the interflow zones.

Table 1. Hydraulic and storage properties of the basalt units and overburden
sedimentary unit.

Median and Range Range of Specific Yield (Sy) and
Hydraulic Conductivity Median and Range of Storage
Unit (ft/day) Coefficient (S) (dimensionless)
240
(0.023-150,000)
Overburden Sediments (871 sample points) Sy =0.0002-0.2
5.2
(0.007-5,244) S=3.2x10-5
Wanapum Basalt (461 specific capacity tests) (1.8x10-6 — 9.9x10-5)
4.9
(0.005-2,522) S =1.8x10-4
Grande Ronde (446 specific capacity tests) (6.0x10-6 — 1.1x10-3)

(Whiteman et al. 1994)

The effective porosity of the basalts varies considerably between the flow tops and the dense
flow interiors. Samples from wells on the Hanford Reservation indicate a range of effective
porosity in the flow tops of 1.6 to 41.6 percent (with a median of 14.45 percent). In contrast, the
flow interiors have an effective porosity of 0.2 to 12.4 percent (with a median of 1.85 percent)
(Whiteman et al. 1994). In the Study area, a large percentage of the irrigation wells are uncased
through most of their depth, which allows for the continual draining of shallow aquifers into
deeper aquifers through previously separated interflow zones, as shown in Figure 5. Ecology no
longer allows this practice, but cascading wells within the Odessa Subarea continue to contribute
to large-scale water-level declines in the upper aquifers.

In Figure 5, wells 4 and 5 were drilled to the same depth, but well 4 was only cased to the top of
the bedrock, which leaves the well open to four different aquifers (shown in blue). This allows
aquifers with a higher head to drain into deeper aquifers with a lower static head, thus draining
the upper aquifers into the lower aquifers. The water level in these wells is a combined head
level and can not be directly compared to wells that are cased or open to only one aquifer. These
combined head levels within wells make comparing water-level trends through time difficult,
which, in turn, makes it difficult to determine the current state of the aquifers.
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Figure 5. Cased and uncased wells tap different aquifers.

2.4.3 Recharge/Discharge

Precipitation and applied irrigation water are the primary sources of recharge to the aquifer
system. Leakage from irrigation canals and rivers also contributes to recharge. Most of the
groundwater in the deeper basalt aquifers moves laterally into the Study area from the north and
northeast to replace the water pumped for irrigation or other uses. The water pumped from the
Grande Ronde aquifer is estimated to be as much as 7,000 years old (Bhattacharjee and Holland
2005). The rate of groundwater recharge does not keep pace with current groundwater use;
therefore, there are annual water-level declines. Additional information about water-level
declines can be found in the following section of this report.

On the other hand, imported irrigation water from the CBP has raised groundwater levels more
than 300 feet in the Quincy basin, where a thick layer of sediments (originally unsaturated prior
to the CBP) acts as an underground storage reservoir.

Natural discharge from the aquifer system is primarily to rivers, secondarily to springs and seeps,
and also by evapotranspiration. Within the Odessa Subarea, discharge is mainly due to pumping
from large-capacity irrigation wells. Total groundwater pumping in the Odessa Subarea in 1984
was estimated at 212,490 acre-feet (Cline and Collins 1992). Based on the quantity of irrigated
acreages, current use is estimated between 300,000 and 350,000 acre feet per year.

The spatial variability of recharge is important in determining the direction and movement of
groundwater in the aquifer system. Water-level data show that regional flow generally follows
the dip of the basalt, to the southwest, towards surface drainage features. Irrigation pumping in
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the Odessa Subarea has altered regional flow toward the water-level depression created in that
area since the 1960s (Whiteman et al. 1994). Throughout most of the Columbia River Plateau,
the vertical flow component is downward, except near discharge areas (Vaccaro 1999).

Seasonal water-level fluctuations are a result of precipitation and water use patterns. They vary
due to depth of the aquifer and the degree of hydraulic connection with surface water processes.
In general, shallower aquifers exhibit greater seasonal fluctuation than deeper aquifers.
However, the deeper basalt units of the Study area show greater seasonal fluctuation than the
shallower units due to seasonal pumping.

2.4.4 \Water-Level Declines

When recharge and discharge from an aquifer system are equal, the system is in equilibrium and
long-term aquifer storage is unchanged (water levels return to the same static level from year to
year). When discharge exceeds recharge, water levels decline. Although the CBP has resulted in
an overall increase in recharge to the groundwater system, most of the increase enters the
overburden sediments and shallow basalts and results in increased leakage back to surface water
bodies. Vertical flow to the deeper basalt units is impeded by the basalts themselves (i.e., by the
rock characteristics and internal structure described in Section 2.3, “Geology”) and recharge
from the CBP is minimal to the deep Wanapum and Grande Ronde basalts within the Study area.
Pumpage in the Odessa Subarea has increased discharge from the aquifer system and resulted in
significant water-level declines (Cline 1984 and Lane and Whiteman 1989).

Many of the wells within the Study area are uncased through multiple aquifers. Some wells only
partially penetrate an aquifer. Many wells have been deepened as water levels have declined and
may be pumping from a different aquifer than they were originally. All of these conditions make
comparisons and interpretation of water-level data difficult. Wells that are open to both basalt
units exhibit a composite water level, but the hydrograph pattern generally corresponds to that of
wells that pump from the Grande Ronde alone (Cline 1984).

Figure 6 was compiled from information presented in Cline (1984) and illustrates the average
water-level decline from spring 1968 to spring 1981 in wells that tap the combined Wanapum
and Grande Ronde aquifers. By 1981, the water level had dropped more than 125 feet in an
isolated area east of Othello and had dropped more than 100 feet in a relatively large area
between Odessa and Moses Lake.

Ecology maintains a network of about 100 monitoring wells that are measured annually in late
winter to provide data for managing the State groundwater management area. They have also
produced hydrographs and maps of groundwater-level declines in the Odessa Subarea.
Reclamation contracted with USGS to measure additional wells in and near the Study area
during 2006. A total of 180 wells were measured. In 2007, Reclamation returned to about 20 of
those wells.
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Figure 6. Water-level decline, 1968-1981, in wells tapping the Wanapum and
Grande Ronde basalts (Cline 1984).

Water-level changes from the 1980s (or earliest available measurements) to the most current
measurement were tabulated. Most of the wells have experienced water-level declines, some as
much as an additional 200 feet. However, not all of the wells have had water-level declines.
Some even exhibit a water-level rise (these are generally located along the eastern edge of the
developed CBP and have benefited from the additional groundwater recharge of applied
irrigation water).
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Figure 7 shows declines in three measured wells from the 1970s through 2006. For example,
two wells showed 175 feet of decline in 30 years, and another well showed a decline of 100 feet
in 30 years. While not all wells have shown declines, the overall pattern of water-level decline
remains similar to the initial pattern. The area of decline has spread and deepened over the past
25 years as wells have been drilled deeper. The pattern is influenced primarily by the location of
the large capacity wells but is probably also affected by geologic structure and heterogeneities
within the basalts. The replacement of groundwater by surface water for irrigation will allow
groundwater levels to slowly recover in the Study area.

Figure 7. Well decline trends in wells in different locations and at
different depths.

2.5 Surface Water

The Columbia River is one of the world’s largest rivers, draining a basin that encompasses about
259,000 square miles in the northwestern United States and southwestern Canada. It is the

15" longest river in North America and carries the 6" largest volume of water. The Columbia
River starts a 1,214 mile journey at Columbia Lake on the west slope of British Columbia’s
Rocky Mountains. It flows from Canada into the United States and becomes the border between
Oregon and Washington. It empties into the Pacific Ocean near Astoria, Oregon. The Columbia
River basin is bounded by the Rocky Mountains to the east and north, the Cascade Range on the
west, and the Great Basin to the south.
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Within the drainage are numerous subbasins formed by tributaries of the mainstem river,
including the Kootenai, Flathead/Pend Oreille, Snake, and Willamette rivers.

The Columbia River is second only to the Missouri-Mississippi River system in the U.S. in
runoff, with an average annual runoff at its mouth of about 198 million acre-feet. Most of the
annual precipitation occurs in the winter, with the largest share falling in the mountains as snow.
The snowpack is released in the spring and early summer, and about 60 percent of the natural
runoff in the basin occurs during May through July. Within the CBP, major drainages to the
Columbia River basin are predominantly coulees, which either have intermittent flows or are
primarily dry. The primary natural inflow to the CBP is from the Crab Creek watershed with
surface and subsurface components. Most of this natural water enters the CBP via surface flows
from Upper Crab Creek and Rocky Ford Spring, and subsurface flows to Potholes Reservoir.

2.6 Water Resource Development and Management

The Columbia River system has been extensively developed for:

e Flood control. The Columbia River’s flow varies widely, and the river is subject to
severe floods. Controlling damaging floodwaters was one of the original purposes for
many of the dams.

e Electric power generation. The hydroelectric dams on the Columbia River basin rivers
are the foundation of the Northwest’s power supply and have a maximum nameplate
capacity of 22,500 megawatts.

e Irrigation. The construction of railroad systems and government land-grant acreages
attracted farmers and investors in agriculture-related businesses. As in many parts of the
West, agricultural and economic development in the Columbia River basin depend on the
availability of water. The ability to store and distribute water from the Columbia River
allowed farms to locate away from surface water bodies and to grow products that require
a larger quantity of water. Six percent of the Columbia River basin’s water (measured at
its mouth; 9 percent of flows at The Dalles Dam) is diverted for agriculture.

e Navigation. Four Federal dams on the mainstem of the Columbia River have navigation
locks for boats and barges.

e Recreation. The rivers and lakes in the Columbia River basin attract boaters, sport
anglers, swimmers, hunters, hikers, and campers throughout the year.

e Water supply and quality. The Columbia River system supplies water to numerous
municipalities and industries.

Figure 8 shows the 11 dams on the United States’ portion of the mainstem of the Columbia River
(Grand Coulee, Chief Joseph, Wells, Rocky Beach, Rock Island, Wanapum, Priest Rapids,
McNary, John Day, The Dalles, and Bonneville dams) and 3 dams in the British Columbia,
Canada’s portion of the mainstem of the Columbia River (Mica, Revelstoke, and Keenleyside
dams).
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Figure 8. Major dams in the Columbia River basin.
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2.6.1 Columbia Basin Project

The CBP is multipurpose, providing irrigation, power production, flood control, municipal water
supply, recreation, and fish and wildlife benefits. The CBP includes 330 miles of main canals,
1,990 miles of smaller canals, and 3,500 miles of open drains and wasteways served by more
than 240 pumping plants. Reclamation currently diverts about 2.7 million acre-feet of water
from the Columbia River to irrigate about 671,000 acres. Up to 67 different crops are grown,
with more than a half billion dollars of crop value each year; alfalfa, potatoes, apples, and
vegetables are the major contributors.

Three irrigation districts receive CBP water: Quincy-Columbia Basin Irrigation District (Q-
CBID), East Columbia Basin Irrigation District (ECBID), and South Columbia Basin Irrigation
District, serv