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Preface

The Congress directed the Secretary of the Interior, acting through the Bureau of
Reclamation, to conduct a feasibility study of options for additional water storage in the
Yakima River basin. Section 214 of the Act of February 20, 2003 (Public Law 108-7),
contains this authorization and includes the provision *... with emphasis on the feasibility
of storage of Columbia River water in the potential Black Rock Reservoir and the benefit
of additional storage to endangered and threatened fish, irrigated agriculture, and
municipal water supply.”

Reclamation initiated the Yakima River Basin Water Storage Feasibility Study (Storage
Study) in May 2003. As guided by the authorization, the purpose of the Storage Study is
to identify and examine the viability and acceptability of alternate projects by: (1)
diversion of Columbia River water to a potential Black Rock reservoir for further water
transfer to irrigation entities in the lower Yakima River basin as an exchange supply,
thereby reducing irrigation demand on Yakima River water and improving Yakima
Project stored water supplies; and (2) creation of additional water storage within the
Yakima River basin. In considering the benefits to be achieved, study objectives are to
modify Yakima Project flow management operations to improve the flow regime of the
Yakima River system for fisheries, provide a more reliable supply for existing proratable
water users, and provide water supply for future municipal demands.

State support for the Storage Study was provided in the 2003 Legislative session. The
2003 budget included appropriations for the Washington State Department of Ecology
(Ecology) with the provision that the funds “. . . are provided solely for expenditure under
a contract between the department of ecology and the United States bureau of
reclamation for the development of plans, engineering, and financing reports and other
preconstruction activities associated with the development of water storage projects in the
Yakima river basin, consistent with the Yakima river basin water enhancement project,
P.L. 103-434. The initial water storage feasibility study shall be for the Black Rock
reservoir project.” Since that initial legislation, the State of Washington has appropriated
additional matching funds.

Storage Study alternatives were identified from previous studies by other entities and
Reclamation, appraisal assessments by Reclamation in 2003 through 2006, and public
input. Reclamation filed a Notice of Intent and Ecology filed a Determination of
Significance to prepare a combined Planning Report and Environmental Impact
Statement (PR/EIS) on December 29, 2006. A scoping process, including two public
scoping meetings in January 2007 identified several concepts to be considered in the
Draft PR/EIS. Those concepts have been developed into “Joint” and “State”
Alternatives.



The Joint Alternatives fall under the congressional authorization and the analyses are
being cost-shared by Reclamation and Ecology. The State Alternatives are outside the
congressional authorization, but within the authority of the state legislation, and will be
analyzed by Ecology only. Analysis of all alternatives will be included in the Draft
PR/EIS.

This technical document and others explain the analyses performed to determine how
well the alternatives meet the goals of the Storage Study and the impacts of the
alternatives on the environment. These documents will address such issues as hydrologic
modeling, sediment modeling, temperature modeling, fish habitat modeling, and designs
and costs. All technical documents will be referenced in the Draft PR/EIS and available
for review.
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Chapter 1. SUMMARY: KEY HABITAT FINDINGS
FOR THE EASTON, ELLENSBURG, LOWER
NACHES AND WAPATO FLOODPLAIN
REACHES

1.1 Introduction

An objective of the Yakima River Basin Water Storage Feasibility Study (Storage Study)
is to analyze the fishery benefits for each alternative, which are No Action, Black Rock,
Wymer Dam and Reservoir, and Wymer Dam Plus Yakima River Pump Exchange. This
analysis incorporates several computer models both physical and biological types that
quantified changes in fishery habitat, water temperature, sediment transport and fishery
abundance between alternatives. The purpose of this technical report is to provide a
description of how the models were integrated and used in the fishery analysis; and to
provide a discussion of fishery model results, which will focus on the anadromous and
resident salmonid indicators used in the Yakima River Basin Water Storage Feasibility
Study.

This section is a summary of the key fisheries habitat findings for the Easton, Ellensburg,
lower Naches and Wapato floodplains that are discussed in the Results and Discussion
section beginning on page 45. To make this section complete required repeating some of
the information presented in the Results and Discussion section.

1.2 Easton Floodplain Reach

1.2.1 Flow-to-Habitat Relationship
1.2.1.1 Spring Chinook and Steelhead Fry

e A flow of approximately 750 cfs provides the minimum amount of spring
Chinook and steelhead fry habitat, and is greatest around 150 cfs (see Figure S1
and Figure S2).

e The percent of fry habitat between the main channel and side channel from low to
high flow was more or less equal for both species (Figure S3 and Figure S4).
This is a reflection of the numerous side channels that exist in the upper portion
(upstream of Big Creek) of the Easton reach.



1.2.1.2 Spring Chinook and Steelhead Summer Subyearling

A flow of approximately 300 cfs provides the maximum amount of spring
Chinook and steelhead summer subyearling habitat, and decreases for flows up to
approximately 1,100-1,200 cfs, and then increases (Figure S5 and Figure S6).

For both species there were approximately equal amounts of summer subyearling
habitat in the main channel and side channels at flows greater than approximately
900 to 1,100 cfs; and below this flow main channel habitat was dominate (~60%
to 75%), which is expected at lower flows (Figure S7 and Figure S8).



Figure S1. Flow-to-habitat curve for the spring Chinook fry lifestage depicting the flow-to-
habitat location of each Storage Study alternative and unregulated for the Easton
floodplain

Figure S2. Flow-to-habitat curve for the steelhead fry lifestage depicting the flow-to-
habitat location of each Storage Study alternative and unregulated for the Easton
floodplain



Figure S3. Flow-to-habitat curve for spring Chinook fry showing the total amount of
habitat (line) by flow, and the percent of main channel and side channel habitat (columns)
by flow for the Easton floodplain

Figure S4. Flow-to-habitat curve for steelhead fry showing the total amount of habitat
(line) by flow, and the percent of main channel and side channel habitat (columns) by flow
for the Easton floodplain



Figure S5. Flow-to-habitat curve for the spring Chinook summer subyearling lifestage
depicting the flow-to-habitat location of each Storage Study alternative and unregulated
for the Easton floodplain

Figure S6. Flow-to-habitat curve for the steelhead summer subyearling lifestage depicting
the flow-to-habitat location of each Storage Study alternative and unregulated for the
Easton floodplain



Figure S7. Flow-to-habitat curve for spring Chinook fry showing the total amount of
habitat (line) by flow, and the percent of main channel and side channel habitat (columns)
by flow for the Easton floodplain

Figure S8. Flow-to-habitat curve for steelhead fry showing the total amount of habitat
(line) by flow, and the percent of main channel and side channel habitat (columns) by flow
for the Easton floodplain



1.2.1.3 Alternative Accomplishments

There was not much difference between alternatives in the amount of spring
Chinook and steelhead fry habitat provided on a monthly basis (Figure S9 and
Figure S10); and the amount of fry habitat provided by each alternative was
moderate to approaching maximum depending on the monthly flow (~250 cfs to
500 cfs).

There was not a substantial difference between alternatives in the amount of
spring Chinook and steelhead summer subyearling habitat (Figure S11 and Figure
S12).

Monthly median flows between the alternatives (220 cfs to 430 cfs) coincided
close to the maximum amount of spring Chinook and steelhead summer
subyearling habitat (Figure S5 and Figure S6).

1.2.1.4 Management Considerations

Since there is temporal overlap between the fry and smolt lifestages for spring Chinook
and steelhead, managing for increased smolt outmigration flows will result in some loss
of fry habitat until flows exceed approximately 750 cfs. For example, for spring
Chinook, at 400 cfs (which represents the approximate middle value in the observed flow
range for all the alternatives) there is roughly 10,600 m?, and at 750 cfs, 8,700 m®.

Notice that a flow of approximately 1,200 cfs is required to approximate the amount of
fry habitat at 400 cfs.

Nonflow related actions should focus on preservation of high quality habitat
conditions that exist in the upper (Easton Dam to Big Creek) and lower (Peterson
Creek to the Cle Elum River confluence) portions of the Easton reach (Easton
Dam to Cle Elum River confluence).

The remaining sections of the Easton reach are highly developed (i.e., residential)
and afford minimal opportunity to enhance the existing habitat for fisheries. And
any additional development to existing properties should be conducted in manner
that at a minimum does not further degrade fishery habitat and ideally would
enhance the existing habitat.



Easton: Spring Chinook Fry Habitat
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Figure S9. Summary of the amount of median monthly spring Chinook fry habitat and flow
for each alternative for the Ellensburg floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by the lines.)

Easton: Steelhead Fry Habitat
25,000 1800
+ 1600
<= 20,000 I 1400
E
o + 1200
< 15,000 -
c + 1000 ‘5
i g
B L 800 3
= 10,000 - o
= - 600
E=
=
2 5,000 - pay
- 200
0 - + 0
Mar Apr May
Month
mmm No Action mmm Wymer Only s Wymer Plus Black Rock mmmm Unregulated
No Action Q  ——Wymer Only Q ——Wymer Plus Q Black Rock Q Unregulated Q

Figure S10. Summary of the amount of median monthly steelhead fry subyearling habitat
and flow for each alternative for the Ellensburg floodplain reach (Note: the left Y-axis is
habitat represented by the columns; the right Y-axis is flow represented by the lines.)



Easton: Spring Chinook Subyearling Habitat
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Figure S11. Summary of the amount of median monthly spring Chinook summer
subyearling habitat and flow for each alternative for the Ellensburg floodplain reach (Note:
the left Y-axis is habitat represented by the columns; the right Y-axis is flow represented
by the lines)

Easton: Steelhead Summer Subyearling Habitat
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Figure S12. Summary of the amount of median monthly steelhead summer subyearling
habitat and flow for each alternative for the Ellensburg floodplain reach (Note- the left Y-
axis is habitat represented by the columns and the right Y-axis is flow represented by the
lines)



1.3

Ellensburg Floodplain Reach

1.3.1 Flow-to-Habitat Relationship

1.3.1.1 Spring Chinook and Steelhead Fry

Maximum fry habitat for both species occurs around 2,400 cfs and decreases
somewhat up to 2,700 cfs, and then increases (figures S13 andS14). In general to
realize an equal or greater amount of fry habitat than provided by the alternatives
requires flows greater than approximately 3,500 cfs. The percent (~75% to ~85%)
of side channel habitat for spring Chinook and steelhead fry began to level off at
flows greater than approximately 2,300 cfs. At flows decreasing from 2,300 cfs
to 400 cfs the percent of main channel habitat steadily increased from about 20%
to 65% (figures S15 and S16).

1.3.1.2 Spring Chinook and Steelhead Summer Subyearling

The least amount of spring Chinook and steelhead summer subyearling habitat
occurs in a flow range of approximately 2,500 to 3,000 cfs. At flows greater than
approximately 3,000 cfs the loss of additional habitat with increasing flows does
not occur, and in fact begins to slightly increase. At flows less than 2,500 cfs the
amount of habitat increases rapidly with decreasing flows (figures S17 and S18).

At flows less than 2,500 cfs an ever increasing percent of the spring Chinook and
steelhead summer subyearling habitat occurred in the main channel (50% to
90%), this is expected as side channel wetted area decreases with declining flows
(figures S19 and S20).

1.3.1.3 Alternative Accomplishments

Spring Chinook and steelhead fry habitat more or less increases or remains fairly
constant from March to May for the alternatives, and No Action and unregulated
for spring Chinook have the most change from month to month (figures S21 and
S22).

In general all of the alternatives provide relatively high amounts of fry habitat for
both species (figures S21 and S22).

The amount of spring Chinook and steelhead summer subyearling habitat was similar
between alternatives for June, July and August; for September the amount of habitat was
nearly the same for No Action, Wymer Dam and Reservoir and Wymer Plus, but higher
for Black Rock, which was the result of a slightly lower median monthly flow of
approximately 1,380 cfs (figures S23 andS24).

10



Figure S13. Flow-to-habitat curve for the spring Chinook fry lifestage depicting the flow-
to-habitat location of each Storage Study alternative and unregulated for the Ellensburg
floodplain

Figure S14. Flow-to-habitat curve for the steelhead fry lifestage depicting the flow-to-
habitat location of each Storage Study alternative and unregulated for the Ellensburg
floodplain.
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Figure S15. Flow-to-habitat curve for spring Chinook fry showing the total amount of
habitat (line) by flow, and the percent of main channel and side channel habitat (columns)
by flow for the Ellensburg floodplain

Figure S16. Flow-to-habitat curve for steelhead fry showing the total amount of habitat
(line) by flow, and the percent of main channel and side channel habitat (columns) by flow
for the Ellensburg floodplain.



Figure S17. Flow-to-habitat curve for the spring Chinook summer subyearling lifestage
depicting the flow-to-habitat location of each Storage Study alternative and unregulated
for the Ellensburg floodplain.

X

Figure S18. Flow-to-habitat curve for the steelhead subyearling lifestage depicting the
flow-to-habitat location of each Storage Study alternative and unregulated for the
Ellensburg floodplain.
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Ellensburg: Spring Chinook Subyearling
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Figure S19. Flow-to-habitat curve for spring Chinook summer subyearling showing the
total amount of habitat (line) by flow, and the percent of main channel and side channel
habitat (columns) by flow for the Ellensburg floodplain.

Ellensburg: Steelhead Summer Subyearling
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Figure S20. Flow-to-habitat curve for steelhead summer subyearling showing the total
amount of habitat (line) by flow, and the percent of main channel and side channel habitat
(columns) by flow for the Ellensburg floodplain.
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Ellensburg: Spring Chinook Fry Habitat
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Figure S21. Summary of the amount of monthly median spring Chinook fry habitat and
flow for each alternative for the Ellensburg floodplain reach (Note- the left Y-axis is habitat
represented by the columns and the right Y-axis is flow represented by the lines.).
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Figure S22. Summary of the amount of monthly median steelhead fry habitat and flow for
each alternative for the Ellensburg floodplain reach (Note- the left Y-axis is habitat
represented by the columns and the right Y-axis is flow represented by the lines.).
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Ellensburg: Spring Chinook Subyearling Habitat
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Figure S23. Summary of the amount of monthly median spring Chinook subyearling
habitat and flow for each alternative for the Ellensburg floodplain reach (Note- the left Y-
axis is habitat represented by the columns and the right Y-axis is flow represented by the
lines.).
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Figure S24. Summary of the amount of monthly median steelhead subyearling habitat and
flow for each alternative for the Ellensburg floodplain reach (Note- the left Y-axis is habitat
represented by the columns and the right Y-axis is flow represented by the lines.).
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1.3.1.4 Management Considerations

1.4

To achieve a meaningful gain in the amount of spring Chinook and steelhead
summer subyearling habitat will require summer flows of less than 2,500 cfs
(figures S17 and S18 (see red dashed line)). This was only achieved for all
alternatives in September after flip-flop. Of the alternatives investigated, Black
Rock was the closest to achieving this outcome in July and August.

Notice that the unregulated flow pattern provides the least amount of habitat in
June during snow melt, but continues to increase as flows decrease towards
summer base flow. This represents a typical flow-to-habitat pattern for a
floodplain reach located in a snow dominated basin (i.e. east of the Cascades).

Notice that with the exception of September, monthly flows for all of the
alternatives occur more in the high flow range, comparable to the unregulated
June flow, than in the low summer flow range of 1,000 to 1,500 cfs.

Presently it’s not feasible to achieve this range of low flows, irrespective of the
alternative, because of the need to convey stored irrigation water down river
lower basin irrigation demand.

Ways to improve salmonid fry and summer subyearling habitat include, 1)
consider flow reduction below 2,500 cfs, 2) reconnect pinched-off side channels
(where opportunities exist) and, 3) enhance instream habitat both in the main and
side channels. These actions will improve channel complexity and result in
increased habitat quantity and quality.

Lower Naches Floodplain Reach

1.4.1 Flow-to-Habitat Relationship

1.4.1.1 Spring Chinook and Steelhead Fry

With the exception of the September flip flop operation that affects the Naches
River downstream of the Tieton River, the lower Naches River generally emulates
the unregulated flow regime for all of the alternatives, and the reduced spring
flows compared to unregulated are due to snow-melt water being stored primarily
in Rimrock reservoir (figure S25).

For both species the amount of fry habitat increases from approximately 1,000 cfs
to 3,000 cfs where it leveled off or began to decrease with increasing flow
(figures S26 and S27).
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FigureS25. RiverWare model simulated median daily flows for the 1981-2005
period of record for the Naches at Naches gage used to represent flows in the
lower Naches floodplain reach.
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Figure S26. Flow-to-habitat curve for the spring Chinook fry lifestage depicting the flow-
to-habitat location of each Storage Study alternative and unregulated for the lower Naches
floodplain.

Figure S27. Flow-to-habitat curve for the steelhead fry lifestage depicting the flow-to-
habitat location of each Storage Study alternative and unregulated for the lower Naches
floodplain.
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For both species the percent of side channel is greatest off (~70% to 80%) and levels at
flows greater than 2,000 cfs (figures S28 and S29).

1.4.1.2 Spring Chinook and Steelhead Summer Subyearling

The least amount of spring Chinook and steelhead summer subyearling habitat
occurred at approximately 1,500 cfs, and the amount of habitat continued to
increase with increased flows (figures S30 and S31). And there was a less
pronounced increase in the amount of habitat as flows decreased from 1,500 cfs to
250 cfs.

The percent of summer yearling mainstem and side channel habitat was nearly
equal at flows of approximately 2,700 cfs to 3,000 cfs (figures S32 and S33). At
flows greater than 3,000 cfs side channel dominated and leveled off at about 80%.
And at flows less than 2,000 cfs mainstem habitat was most prevalent (~70% to
~99%) as flows decreased to 250 cfs.

1.4.1.3 Alternative Accomplishments

There was minimal difference between alternatives on a monthly basis in the
amount of spring Chinook and steelhead fry habitat in the lower Naches; and
monthly flows followed the unregulated flow pattern of increasing from March to
May (figures S34 and S35).

There was not a substantive difference between alternatives in the amount of
spring Chinook and steelhead summer subyearling habitat on a monthly basis for
(figures S36 and S37).

1.4.1.4 Management Considerations

Potential improvements to the lower Naches River flow regime should focus on
reduction in the September flip flop operation; where flows ramp up from August
to September and then ramp down from September to October coinciding with
conclusion of the irrigation season, which would affect the summer subyearling
lifestage for spring Chinook and steelhead (also steelhead yearlings).

It is apparent from the fry flow-to-habitat curves that increased spring flow in
April and May would increase the amount of fry habitat for spring Chinook and
steelhead, which would also benefit smolt outmigration.

With the exception of flip flop, flows for the spring Chinook and steelhead
summer subyearling lifestage approximate the unregulated flows (especially in
July and August) for all the alternatives.
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Lower Naches: Spring Chinook Fry
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FigureS28. Flow-to-habitat curve for spring Chinook fry showing the total amount of
habitat (line) by flow, and the percent of main channel and side channel habitat (columns)
by flow for the lower Naches floodplain.

Lower Naches: Steelhead Fry
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FigureS29. Flow-to-habitat curve for steelhead fry showing the total amount of habitat
(line) by flow, and the percent of main channel and side channel habitat (columns) by flow
for the lower Naches floodplain.
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Figure S30. Flow-to-habitat curve for the spring Chinook summer subyearling lifestage
depicting the flow-to-habitat location of each Storage Study alternative and unregulated
for the lower Naches floodplain.

Figure S31. Flow-to-habitat curve for the steelhead summer subyearling lifestage
depicting the flow-to-habitat location of each Storage Study alternative and unregulated
for the lower Naches floodplain.
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Figure S32. Flow-to-habitat curve for spring Chinook summer subyearling showing the
total amount of habitat (line) by flow, and the percent of main channel and side channel
habitat (columns) by flow for the lower Naches floodplain.

Figure S33. Flow-to-habitat curve for steelhead summer subyearling showing the total
amount of habitat (line) by flow, and the percent of main channel and side channel
habitat (columns) by flow for the lower Naches floodplain.
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Lower Naches: Spring Chinook Fry Habitat
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Figure S34. Summary of the amount of monthly median spring Chinook fry habitat and
flow for each alternative for the lower Naches floodplain reach (Note- the left Y-axis is
habitat represented by the columns and the right Y-axis is flow represented by the lines.).
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Figure S35. Summary of the amount of monthly median steelhead fry habitat and flow for
each alternative for the lower Naches floodplain reach (Note- the left Y-axis is habitat
represented by the columns and the right Y-axis is flow represented by the lines.).
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Lower Naches: Spring Chinook Subyearling Habitat
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Figure S36. Summary of the amount of monthly median spring Chinook summer
subyearling habitat and flow for each alternative for the lower Naches floodplain reach
(Note- the left Y-axis is habitat represented by the columns and the right Y-axis is flow
represented by the lines.).
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Figure S37. Summary of the amount of monthly median steelhead summer subyearling
habitat and flow for each alternative for the lower Naches floodplain reach (Note- the left Y-
axis is habitat represented by the columns and the right Y-axis is flow represented by the
lines.).

25



e Non-flow actions that may be considered are preservation of existing high quality
habitat from future development, as well as, to seek opportunities to improve
existing floodplain habitat and to reconnect pinched-off side channels.

e Itisrecognized that the lower Naches River has elevated water temperatures in
the summer months and this issue is currently being studied by the Washington
State Department of Ecology.

1.5 Wapato Floodplain Reach

1.5.1 Flow-to-Habitat Relationship

The coho summer subyearling lifestage was chosen to evaluate the effect of summer flow
on summer habitat in the Wapato because it is currently the primary salmonid species
residing in this reach during the summer.

1.5.1.1 Coho Summer Subyearling

e The minimum amount of coho summer subyearling habitat occurred at
approximately 750 cfs at around 240,000 m? and increases steadily to
approximately 5,250 cfs, then levels off up to 7,000 cfs, and then begins to
increase at higher flows (figure S38).

e The percent of mainstem and side channel habitat was nearly equivalent at
approximately 2,500 cfs, and leveled off at about 70% at flows above 5,000 cfs.
At flows less than 1,500 cfs the percent of side channel habitat declines rapidly
(figure S39).

1.5.1.2 Alternative Accomplishments

The two main fishery concerns in the Wapato reach are reduced spring flows during the
spring smolt outmigration period, and reduced summer flows downstream of Parker
Dam.

Black Rock was the only alternative that exceeded the monthly median flow targets
(table 1) for the entire spring season (March-June), and provided a flow pattern that most
resembled the unregulated pattern (figure S40).
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Figure S38. Flow-to-habitat curve for the coho summer subyearling lifestage depicting the
flow-to-habitat location of each Storage Study alternative and unregulated for the Wapato
floodplain.

Figure S39. Flow-to-habitat curve for coho summer subyearling showing the total amount
of habitat (line) by flow, and the percent of main channel and side channel habitat
(columns) by flow for the Wapato floodplain.
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Figure S40. RiverWare model simulated median daily flows for the 1981-2005 period of
record for the Parker gage used to represent flows in the Wapato floodplain reach.

Table 1. Percent difference in achieving the monthly target flow for an average water year
by for the spring season (March-June) for the Storage Study alternatives.

Alternative March April May June
No Action 0.0% -11.4% -66.7% -72.0%
Wymer Dam and -2.7% -12.4% -67.8% -73.6%
Reservoir
Wymer Plus 8.0% 15.2% -43.8% -42.0%
Black Rock 9.7% 50.6% 15.0% 19.6%

e The No Action, Wymer Dam and Reservoir and Wymer Plus alternatives for
March nearly met or exceeded the monthly target flow; for April No Action and
Wymer Dam and Reservoir were below and Wymer Plus above; for May and
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June all three alternatives were below (May: -44% to 67%; June: -42% to 74%).
And none of these alternatives improved the spring flow regime pattern making
more closely emulate unregulated.

There was not a large percent difference in the amount of additional habitat (~0%
to 8% depending on the month) provided by the action Storage Study alternatives
compared to No Action (figure S41).

The Wymer Plus alternative provided the most additional amount of coho summer
subyearling habitat (~4% to 8% compared to No Action); the result of a July
through September base flow of approximately 1,500 cfs.

1.5.1.3 Management Considerations

Additional base flow does not significantly increase the amount of additional
habitat above 1,500 cfs. For example, at 1,600 cfs the amount of habitat increased
by about 2%; at 1,700 cfs, 3.7%; at 1,800 cfs 5.6% compared to the 1,500 cfs
provided with Wymer Plus.

Much of the remaining Wapato floodplain is in good condition and thus needs to
be protected for the benefits of fish and wildlife and hydrologic function.
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Figure S41. Summary of the amount of monthly median coho summer subyearling habitat
and flow for each alternative for the Wapato floodplain reach (Note- the left Y-axis is
habitat represented by the columns and the right Y-axis is flow represented by the lines.).
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Chapter 2. METHODS

2.1 Overview

The fishery analysis study design was guided by input from the Storage Study Technical
Work Group (SSTWG) at the inception of the Storage Study in 2003. Models used in the
fishery analysis were classified as either a support model or an assessment model, and are
presented in table 1.

The stream flow, habitat and physical models provided necessary data input to the EDT
and DSS assessment models; and the DMS model managed data processing and input to
the EDT model (figure 1). The EDT model was the primary fishery assessment model
used to estimate anadromous salmonid (i.e. spring and fall Chinook, coho and steelhead)
population equilibrium abundance, capacity and productivity for each alternative. The
AHA model was used to estimate mean annual recruitment, harvest and spawner
escapement for each anadromous salmonid population, inclusive of both the natural and
hatchery populations. The DDS model was used to estimate changes in fisheries habitat,
fish passage and bed scour for five floodplain reaches (i.e. Easton, Ellensburg, Union
Gap, Wapato and lower Naches), and to report differences for important irrigation related
parameters for each alternative.

2.2  Support Model Descriptions

2.2.1 RiverWare

The Yakima Project RiverWare (Yak-RW) model is a daily-time step reservoir and river
operation simulation computer model for the Yakima Project created with the RiverWare
software. The RiverWare software was developed at the Center for Advanced Decision
Support for Water and Environmental Support (http://cadswes.colorado.edu/riverware/)
at the University of Colorado, in cooperation with Reclamation and the Tennessee Valley
Authority. The Yak-RW model was developed by Reclamation’s Planning Group from
the Upper Columbia Area Office.

The Yak-RW model was used in the Storage Study fishery assessment to simulate daily
flows for the 1981-2005 period of record for each Storage Study alternative for all of the
EDT model stream reaches downstream of the five storage reservoirs. Yak-RW model
nodes correspond to one or more EDT stream reaches (table 2).
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Table 1. List of support and assessment models used in the fishery analysis for the Storage

Study.

Model Name

Model
Category

Model Function

Support Models

RiverWare (Yak-RW) Stream flow Daily time-step of stream flow
Sedimentation and River Habitat Flow to habitat relationship
Hydraulic- Watershed (SRH-W)
River2D Habitat Flow to habitat relationship
Stream Network Temperature Physical Daily time-step of stream temperature
Model (SNTEMP)
Sediment Impact Analysis Physical Sediment transport
Methods (SIAM)
Hydraulic Engineering Center- Physical Required for the SNTEMP and SIAM
River Analysis System (HEC-RAS) models; provides channel configuration
and stream energy
Data Management System (DMS) | Data Data processing and management for the
Management | EDT model
Assessment Models
Ecosystem Diagnosis and Fisheries Fisheries abundance, productivity and
Treatment (EDT) Model diversity
All H Analyzer (AHA) Model Fisheries Fisheries recruitment, harvest and

escapement

Yakima River Decision Support
System (YRDSS) Model

Fisheries and
Irrigation

Quantifies fish habitat and irrigation
related metrics to stream flow and/or
water supply
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Figure 1. Data flow from the support models to the fishery assessment models.
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Table 2. List of the mainstem EDT reaches and descriptions, and their association to the RiverWare nodes.

EDT Reach Name

EDT Reach Description

RiverWare Node to EDT Reach Association

Yakima River

Yakima R.-1A Yakima R: Yakima Delta (RM 0 to 2.1). No association

Yakima R.-1B Yakima R: Delta to Horn Dam (RM 2.1 to 18). Yakima River From Kiona to Mouth.Outflow

Yakima R.-1D Yakima R: Horn Dam to Benton Bridge (RM 18 to 29.8). Yakima River at Kiona.Gage Outflow

Yakima R.-1E Yakima R: Benton Bridge to Corral Canyon Cr. (RM 29.8 to 33.5). Yakima River at Kiona.Gage Outflow

Yakima R.-1F Yakima R: Corral Canyon Cr. to Prosser Powerplant Outfall (RM 33.5 to 35.8) Yakima River at Kiona.Gage Outflow

Yakima R.-2 Yakima R: Chandler Powerplant Outfall to Snipes Cr. (RM 35.8 to 41.8). Yakima River at Prosser.Gage Outflow

Yakima R.-2A Yakima R: Snipes Cr. to Prosser Acclimation Site (RM 41.8 to 47.1). Yakima River at Prosser.Gage Outflow

Yakima R.-2C Yakima R: Prosser Dam to Mabton (RM 47.1 to 55). Yakima 69_6 and Satus.Inflowl + YGVW.RiverWare Local Flow*%

Yakima R.-2D Yakima R: Mabton to Sulphur Cr. Wasteway (RM 55 to 61) Yakima 69_6 and Satus.Inflowl + YGVW.RiverWare Local Flow*%

Yakima R.-2E Yakima R: Sulphur Cr. to Satus Cr. (RM 61 to 69.6). Yakima 69_6 and Satus.Inflowl + YGVW.RiverWare Local Flow*%

Yakima R.-3 Yakima R: Satus Cr. to Toppenish Cr. (RM 69.6 to 80.4). Yakima 80_4 and Toppenish.Inflowl + YGVW.RiverWare Local Flow*%

Yakima R.-4 Yakima R: Toppenish Cr. to Marion Drain (RM 80.4 to 82.6). Yakima 80_4 and Toppenish.Inflowl + YGVW.RiverWare Local Flow*%

Yakima R.-4A Yakima R: Marion Drain to Granger Drain (RM 82.6 to 83.2) Yakima River at Parker PARW.Gage Outflow

Yakima R.-5 Yakima R: Granger Drain to Sunnyside Dam (RM 83.2 to 103.8). Yakima River at Parker PARW.Gage Outflow

Yakima R.-5B Yakima R: Sunnyside Dam to Wapato Dam (RM 103.8 to 106.6). Yakima River at Parker PARW.Gage Outflow + DIVERSION Sunnyside.Diversion
Yakima R.-5D Yakima R: Wapato Dam to Ahtanum Cr. (RM 106.6 to 106.9). Yakima 106_9 and Ahtanum.Outflow + PARW.RiverWare Local Flow*%

Yakima R.-6 Yakima R: Yakima R., Ahtanum Cr. to Wide Hollow Cr. (RM 106.9 to 107.4) Yakima River at Terrace Heights YRTW.Gage Outflow + PARW.RiverWare Local Flow*%
Yakima R.-6A Yakima R: Yakima R., Wide Hollow Cr. to Roza Powerplant Outfall (RM 107.4 to 113.3) Yakima River at Terrace Heights YRTW.Gage Outflow + PARW.RiverWare Local Flow*%
Yakima R.-6B Yakima R: Yakima R., Roza Powerplant Outfall to Naches R. (RM 113.3 to 116.3) Yakima 116_3 and Naches.Inflow1 + PARW.RiverWare Local Flow*%

Yakima R.-7 Yakima R: Yakima R., Naches R. to Wenas Cr. (RM 116.3 to 122.4) Yakima 122_4 and Wenas.Inflowl + PARW.RiverWare Local Flow*%

Yakima R.-8 Yakima R: Yakima R., Wenas Cr. to Roza Dam (RM 122.4 to 127.9). Yakima 127_98 at Roza Dam RBDW.Gage Outflow

Yakima R.-9B Yakima R: Roza Dam to Umtanum Cr. (RM 127.9 to 139.8). Yakima 139_8 at Umptanum UMTW.Gage Outflow

Yakima R.-10 Yakima R: Umtanum Cr. to Wilson Cr. (RM 139.8 to 147). Yakima 139_8 at Umptanum UMTW.Gage Outflow

Yakima R.-11 Yakima R: Wilson Cr. to Bull Ditch outtake (RM 147 to 153.5). Yakima 147_0 and Wilson.Inflowl + UMTW.RiverWare Local Flow*%

Yakima R.-11A Yakima R: Bull Ditch outtake to Reecer Cr. (RM 153.5 to 153.7). Yakima 154 5 and Manastash.Outflow + UMTW.RiverWare Local Flow*%

Yakima R.-11B Yakima R: Reecer Cr. to Manastash Cr. (RM 153.7 to 154.5) Yakima 154_5 and Manastash.Outflow + UMTW.RiverWare Local Flow*%

Yakima R.-11C Yakima R: Manastash Cr. To Town Ditch Diversion Dam (RM 154.5 to 161.3 Yakima 155_8 at Ellensburg ELNW.Gage Outflow + UMTW.RiverWare Local Flow*%
Yakima R.-12 Yakima R: Town Ditch Diversion Dam to Taneum Cr. (RM 161.3 to 166.1). Yakima 166_1 and Taneum.Outflow + UMTW.RiverWare Local Flow*%

Yakima R.-13 Yakima R: Taneum Cr. to Clark Flat Acclimation Site (RM 166.1 to 167.7). Yakima 169_9 and Swauk.Outflow + UMTW.RiverWare Local Flow*%
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Yakima R.-13B

Yakima R:

Clark Flats to Swauk Cr. (RM 167.7 to 169.9)

Yakima 169_9 and Swauk.Outflow + UMTW.RiverWare Local Flow*%

Yakima R.-14 Yakima R: Swauk Cr. to Teanaway R. (RM 169.9 to 176.1). Yakima 170_1 at Holick YRWW.Gage Outflow + UMTW.RiverWare Local Flow*%
Yakima R.-14A Yakima 176_1 and Teanaway.Outflow + UMTW.RiverWare Local Flow*%
Yakima R.-15 Yakima R: Teanaway R. to Cle Elum R. (RM 176.1 to 185.6). Yakima 183_0 at Cle Elum YUMW.Gage Outflow

Yakima R.-16 Yakima R: Cle Elum R. to Little Cr. (RM 185.6 to 194.6). Yakima 194_6 and Little.Outflow + YUMW.RiverWare Local Flow*%

Yakima R.-17 Yakima R: Little Cr. to Big Cr. (RM 194.6 to 195.8). Yakima 195_8 and Big.Outflow + YUMW.RiverWare Local Flow*%

Yakima R.-17A Yakima R: Big Cr. to Tucker Cr. (RM 195.8 to 199.9) Yakima 202_0 at Eastion EASW.Gage Outflow

Yakima R.-17B Yakima R: Tucker Cr. To Easton Acclimation Site (RM 199.9 to 201.9) Yakima 202_0 at Eastion EASW.Gage Outflow

Yakima R.-18 Yakima R.: Easton Acclimation site to Easton Dam (RM 201.9 to 202.5) Yakima 202_0 at Eastion EASW.Gage Outflow

Yakima R.-20 Yakima R: Kachess R. (upstream end of Lake Easton) to Cabin Cr. (RM 203.4 to 205). Yakima 205_0 and Cabin.Outflow + EASW.RiverWare Local Flow*%

Yakima R.-21 Yakima R: Cabin Cr. to Keechelus Dam (RM 205 to 214.5). Yakima River Below Keechelus Dam.Gage Outflow

Naches River

Naches R.-1 Naches R: Mouth to Cowiche Cr. (RM 010 2.7) Naches 0_1 at Yakima NRYW.Gage Outflow + PARW.RiverWare Local Flow*%
Naches R.-1a Naches R: Cowiche Cr. to Buckskin Slough (RM 2.7 to 3.3) Naches 2_7 and Cowiche.Inflowl

Naches R.-1b Naches R: Buckskin Slough to S Naches Channel return (RM 3.3 to 9.8) Naches 16_8 at Naches NACW.Gage Outflow

Naches R.-1c Naches R: S Naches Channel return to S Naches Channel diversion (RM 9.8 to 14.0) Naches 16_8 at Naches NACW.Gage Outflow

Naches R.-2A Naches R: S Naches Channel diversion to Wapatox Dam (RM 14.0 to 17.1) Naches 16_8 at Naches NACW.Gage Outflow

Naches R.-2C Naches R: Wapatox Dam to Tieton (RM 17.1 to 17.5). Naches 16_8 at Naches NACW.Gage Outflow

Naches R.-3 Naches R: Tieton R. to Rattlesnake Cr. (RM 17.5 to 27.8) Naches 27_8 and Rattlesnake.Outflow + NACW.RiverWare Local Flow*%
Naches R.-4 Naches R: Rattlesnake Cr. to Nile Cr. (RM 27.8 to 29.4). Naches 29_4 and Nile.Outflow + NACW.RiverWare Local Flow*%
Naches R.-5 Naches R: Nile Cr. to Little Naches/Bumping R. (RM 29.4 to 44.6). Naches 36_0 at Cliffdale CLFW.Gage Outflow

Tieton River

Tieton R.-1 Tieton R: Mouth to Oak Cr. (RM 0 to 1.8) Naches 17_5 and Tieton.Inflow2

Tieton R.-2 Tieton R: Oak Cr. to Yakima/Tieton Diversion Dam (RM 1.8 to 14.2) Tieton 1_8 and Oak.Inflowl

Tieton R.-3 Tieton R: Yakima/Tieton Diversion Dam to Wildcat Cr. (RM 14.2 to 20.7) Tieton 20_8 Below Tieton Dam.Gage Ouflow

Tieton R.-4 Tieton R: Wildcat Cr. to Rimrock Dam (RM 20.7 to 21.3) Tieton 20_8 Below Tieton Dam.Gage Ouflow

Bumping River

Bumping R.-1

Bumping R: Mouth to American R. (RM 0 to 3.5).

Bumping 3_5 and American.Outflow

Bumping R.-2a

Bumping R: American R. to dam (RM 3.5 to 17).

Bumping River Below Bumping Dam.Gage Outflow
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Yak-RW simulated daily flows for each Storage Study alternative was required data input
to the habitat (i.e. SRH-W and River2D), physical (i.e. SIAM and SNTEMP), data
management (DMS) and the DSS assessment models.

2.2.2 Sedimentation & River Hydraulic-Watershed (SRH-W)
Model

The SRH-W (formerly GSTAR-W) is a two-dimensional depth-averaged hydrodynamic
model developed by Reclamation’s Sedimentation and River Hydraulics Group,
Technical Service Center (http://www.usbr.gov/pmts/sediment/). A complete description
of the SRH-W model can be found at Reclamation’s website:
http://www.usbr.gov/pmts/sediment/model/srh2d/Downloads/SRH-
W%?20v1.1%20User%20Manual%20June2007.pdf . The SRH-W model was used to
simulate daily flow conditions (e.g. water depth and velocity, Froude Number, and
channel width) for the Easton (RM 203.5 to 193), Ellensburg (RM 153.5 to 149) and
lower Naches (RM 14 to 4) floodplain reaches. Simulated Yak-RW daily time-step flow
data specific to each Storage Study alternative was used to relate stream flow to fishery
habitat type (e.g. pool, riffle, glide, side channel, and wetland) and quantity (m?). The
Froude Number® was used to classify the pool, riffle and glide habitat types. Resulting
flow-to-habitat type and quantity equations for each floodplain reach provided input to
the DMS. The water depth and velocity grids from the SRH-W models were used in
conjunction with the Delphi survey generated fish criteria to provide flow-to-
species/lifestage specific equations that were used as data input to the DSS model. More
about the Delphi survey and its application will be provided under the DSS model
description.

Development of the two-dimensional hydrodynamic models and application of the
Froude Number to classify habitat type is discussed in-depth in Reclamation’s Technical
Series report TS-YSS-12.

2.2.3 River2D Model

The River2D, like the SRH-W, is a two-dimensional depth-averaged hydrodynamic
model that was developed by the University of Alberta for fish habitat evaluation studies.
A brief description of the model can be found at the Web address:
http://www.river2d.ualberta.ca/description.htm. And model documentation is located at
Web address: http://www.river2d.ualberta.ca/download.htm. The River2D model was
used to simulate daily flow conditions (e.g. water depth and velocity, Froude Number,
and channel width) for the Union Gap (RM 111 to 107.5) and Wapato (RM 103 to 95)

! Froude Number is defined as, [V/(Ng*h)]; where “V” is depth-averaged velocity, “g” is the gravitational
constant and “h” is the flow depth..
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floodplain reaches. Similar to the floodplain reaches modeled using the SRH-W model,
the Froude Number was used to classify pool, riffle and glide habitat types. Bovee pers.
comm. on information contained in the draft open file report, 2007) present a more in
depth discussion of model development for these two floodplain reaches. Similar to the
SRH-W models, flow-to-habitat type and quantity equations for the Union Gap and
Wapato floodplain reaches provided input to the DMS model; and the water depth and
velocity grids from the River2D models were used in conjunction with the Delphi survey
generated fish criteria to provide flow-to-species/lifestage specific equations that were
used as data input to the DSS model.

Development of the two-dimensional hydrodynamic models and application of the
Froude Number to classify habitat type is discussed in detail by Bovee pers. comm. on
information contained in the draft open file report, 2007) in Appendix 1 of the draft
report for the Yakima DSS model?.

2.2.4 Hydraulic Engineering Center-River Analysis System
(HEC-RAS)

Hydraulic Engineering Center-River Analysis System (HEC-RAS) is a one-dimension
step-back water model developed by the U.S. Army Corps of Engineers
(http://www.hec.usace.army.mil/software/hec-ras/hecras-hecras.html) that provides flow
depth, channel top width, and cross-section averaged values of velocity (among others).
Reclamation’s Technical Service Center constructed a one-dimensional hydraulic (HEC-
RAS) model for select reaches of the Yakima and Naches Rivers, which for clarification
were not the same as for the 2-D hydrodynamic models (but may overlap)- Easton (~RM
202 to 191), Ellensburg (~RM 161 to 148), Selah to Sunnyside (Parker) Dam (~RM 125
to 104), Sunnyside Dam to Toppenish bridge (~RM 104 to 93), Toppenish bridge to
Mabton bridge (~RM 93 to 60), Mabton bridge to Chandler Power Plant (~RM 60 to 36),
and lower Naches River (~RM 13 to 0). A complete description of the Yakima basin
one-dimensional model is provided by Hilldale and Mooney (2007a).

The HEC-RAS model was developed primarily for the Sediment Impact Analysis
Methods (SIAM) and Steam Network Temperature (SNTEMP) models, which both
require HEC-RAS to properly function. The seven stream reaches were selected based
on the combined minimum reach needs of the SIAM and SNTEMP models.

2.2.5 Sediment Impact Analysis Methods (SIAM) Model

The Sediment Impact Analysis Methods (SIAM) model was developed by Reclamation’s
Sedimentation and River Hydraulics Group, Technical Service Center and simulates the

2 A the time of this writing the USGS-FORT open file report for the Yakima DSS is under peer
review and will be published spring 2008.
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movement of sediment through a river basin to describe changes in channel morphology
(http://www.usbr.gov/pmts/sediment/model/srhsiam/index.html). The SIAM model was
applied to seven reaches of the Yakima basin: Easton, Ellensburg, Selah to Sunnyside
(Parker) Dam, Sunnyside Dam to Toppenish Creek, Toppenish Creek to Mabton, Mabton
to Chandler Power Plant, and Naches River. A complete description of the SIAM model
used in the Yakima basin was prepared by Mooney and Hilldale (2007b). The SIAM
model was used to estimate the average annual output for sand and gravel sediment
transport, redd scour depth, incipient motion threshold and geomorphic work for each of
the seven stream reaches.

Redd scour depth was used as input to both the DSS and EDT (i.e. Bed Scour attribute)
models, and sand sediment transport, incipient motion (called armour disruption in the
DSS model), and geometric work (called geomorphic adjustment in the DSS model) were
used as input to the DSS model.

2.2.6 Stream Network TEMPerature Model (SNTEMP)

The Stream Network Temperature Model (SNTEMP) was developed by the USGS, Fort
Collins Science Center and is described on their Website:
http://www.fort.usgs.gov/Products/Software/SNTEMP/. A SNTEMP model was
developed by the USGS-Washington Water Science Center for the Yakima River for the
Roza Dam (RM 127.9) to Chandler Power Plant (RM 35.8) reach for the period of April
1 through October 31 (irrigation season). This particular stream reach and time period
was selected because USGS through prior studies determined that this reach and time
period was the only section of the Yakima River most likely to be influenced by changes
in the flow regime, which is the objective of the Storage Study alternatives. The model
was designed to estimate the relative difference in maximum daily water temperature
between the Storage Study alternatives, which was used as input for the EDT
Temperature Maximum attribute. Input to the SNTEMP model consisted of the Yak-RW
simulated daily flows (April 1 — October 31 for the 25-year period of record) for each
Storage Study alternative for each EDT stream reach from Roza to the Chandler Power
Plant. Previously mentioned, the Yakima SNTEMP model requires the Yakima HEC-
RAS model in order to run. An in-depth discussion of the Yakima SNTEMP model and
model results is presented by Voss (personal communication on the USGS draft open file
report for the Yakima Storage Study temperature model, 2007)%,

Model output consisted of estimated daily water temperature for the 1981 — 2005 period
of record by EDT reach (Roza Dam to Chandler Power Plant) for each Storage Study
alternative. The water temperature datasets for each alternative were used to calculate the

® A the time of this writing the USGS-Tacoma open file report for the Yakima SNTEMP model is under
peer review and will be published spring 2008.
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EDT Temperature Maximum attribute rating and annual pattern for each modeled EDT
reach, but was not used for the EDT Temperature Minimum or Temperature Spatial
Variation attributes.

2.2.7 Wymer Reservoir Water Quality Model

The Storage Study contracted with Reclamation’s Technical Service Center to assess
Wymer Reservoir outlet water temperatures for the two Wymer alternatives. The
purpose was to evaluate what potential impacts water released from the reservoir would
have on Yakima River water quality downstream of the Lmuma Creek. A summary of
the study design, methods, discussion and conclusions are presented in Appendix

2.2.8 Data Management System (DMS)

The Data Management System (DMS) is an EXCEL application developed by
Reclamation’s Technical Service Center to manage data transfer between the support
models and the EDT model (figure 1). The primary function of the DMS is to calculate
the EDT flow, habitat and temperature ratings, and associated annual patterns. And to
write this information to the EDT model (a Microsoft ACCESS application) in the
appropriate database tables.

Input to the DMS included the Yak-RW daily flows for the 25-year period of record, the
flow-to-habitat algorithms for the EDT habitat attributes (i.e. Pools, Tailout, Backwater,
Beaver Pond, Glide, Small Cobble Riffle and Large Cobble Riffle) for the five 2-
dimensional hydrodynamic floodplain models (i.e. Easton, Ellensburg, Union Gap,
Wapato and lower Naches), and the EDT flow and temperature maximum algorithms
used to calculate the EDT flow and temperature ratings.

2.3 Assessment Model Descriptions

2.3.1 Ecosystem Diagnosis and Treatment (EDT) Model

Mobrand, Jones & Stokes describe the EDT model as “a system for rating the quality,
quantity and diversity of habitat along a stream, relative to the needs of a focal species
such as coho or Chinook salmon” (http://www.mobrand.com/MBI/pdfs/WhatisEDT.pdf).

A detailed description of the EDT model theory and structure is provided by Lestelle,
Mobrand and McConnaha (2004). The standard EDT model as described on the
Mobrand, Jones and Stokes website requires the user to rate 46 environmental attributes
in four categories consisting of twelve sub-categories:
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e Hydrologic Characteristics (7 total attributes)
o Flow Variation (5 attributes)
0 Hydrologic Regime (2 attributes)
e Stream Corridor Structure (22 total attributes)
0 Channel Morphology (4 attributes)
o Confinement (2 attributes)
O Habitat Type (8 attributes)
0 Obstruction (1 attributes)
0 Riparian and Channel integrity (4 attributes)
o0 Sediment Type (3 attributes)
e Water Quality (9 total attributes)
o0 Chemistry (6 attributes)
o Temperature Variation (3 attributes)
e Biological Community (8 total attributes)
o0 Community Effects (7 attributes)
0 Macroinvertebrates (1 attributes)

The standard EDT model was modified to accommodate modeling requirements of the
Storage Study fishery assessment by creation of additional environmental attributes.
Three new attributes were added to the Hydrologic Characteristics category, these were
Regulated Flow Decrease, Regulated Flow Increase and Hydrograph Month. Lestelle,
Watson and Blair (2006) prepared a detailed description of these three new attributes and
the rational for their creation.

Four new Stream Corridor Structure sub-categories totaling 16 new attributes were
added. These sub-categories were: Off-Channel Morphometry (3 attributes), Off-
Channel Habitat Type (3 attributes), Off-Channel Sediment Type (3 attributes) and Off-
Channel Obstructions (7 attributes), that incorporated three new off-channel river
features: ponds, groundwater channels and wetlands. For the Storage Study fishery
assessment only the wetland related attributes were considered.
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The Habitat Type sub-category was restructured to comprise the Habitat (i.e. Pools,
Tailout, Backwater, Beaver Pond, Glide, Small Cobble Riffle and Large Cobble Riffle),
Habitat Braids, Habitat Side Channel (which replaced the Off-channel Habitat Factor
attribute) and Habitat Patterns. The Habitat Patterns attribute defines the monthly percent
habitat composition of the Habitat attributes (i.e. Pools, Tailout, Backwater, Beaver Pond,
Glide, Small Cobble Riffle and Large Cobble Riffle). Mobrand, Jones and Stokes (2005)
describe these new attributes and how they were calculated using the support models.

The user is required to rate the environmental attributes for each EDT stream reach and
dam (storage and diversion). The Yakima basin EDT model consists of approximately
400 stream reaches (mainstem and tributaries), diversion dams (e.g. Horn Rapids,
Prosser, Parker, Wapato, Roza, Town Ditch, Easton, Wapatox and Yakima-Tieton) and
hatchery acclimation sites. However, only the 53 streams reaches downstream of the five
storage reservoirs (i.e. Keechelus, Kachess, Cle Elum, Bumping and Rimrock) in the
Yakima, Naches, Bumping and Tieton Rivers, some of the diversion dams®, and the five
storage reservoirs were affected by the Storage Study, and therefore, were the only
stream reaches and diversion dams that the EDT environmental attribute values were
adjusted for specific to each alternative. The Flow Variation and Habitat environmental
attribute categories were the main categories supplied with ratings by one of the support
models (i.e. Yak-RW, SRH-W, River2D, SIAM and SNTEMP) automatically through the
DMS model. The ratings for other attributes like Bed Scour and Obstruction, and other
miscellaneous EDT attributes were modified by hand as needed for each alternative,
meaning any changes to the EDT database were made by the user opposed to being
automatically changed through the DMS model.

2.3.2 All H Analyzer (AHA) Model

The All H Analyzer (AHA) model was developed by Washington State fishery co-
managers for the purpose to discuss salmon restoration strategies involving the four
“Hs”- hatchery practices, harvest, hydroelectric dams and habitat restoration. An AHA
model user’s guide, which explains in more detail elements of the model, can be found at
the USFWS Website: http://www.fws.gov/pacific/Fisheries/Hatcheryreview/documents/
All-HAnalyzerDraftUsersGuideAug05.pdf .

For the Storage Study fisheries assessment the AHA model was used in conjunction with
the EDT Productivity and Capacity output parameters for each anadromous salmon and
steelhead population, plus any associated hatchery programs (i.e. Cle Elum
Supplementation Program, Prosser Upriver Bright Fall Chinook Production Program and
the Yakima Klickitat Fisheries Project Coho Program) to estimate the mean annual adult
recruitment, harvest and spawner escapement for each alternative. These mean annual

4 Only the following major diversion dams: Horn Rapids, Prosser, Parker, Wapato, Roza, Town Ditch, Easton,
Wapatox and Yakima-Tieton were considered in the EDT fishery assessment for each alternative.
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values were based on a 100-year simulation period that considered the effect of the
Pacific Decadal Oscillation cycle on adult ocean survival by species.

For consistency in how spawner escapement was calculated for Reclamation’s draft
Kennewick and Columbia Irrigation Districts Pump Exchange Planning Report and Draft
Environmental Impact Statement the in-basin (Yakima) smolt survival parameter in the
AHA model was adjusted based on the median spring flow at Prosser for each Storage
Study alternative according to the derived Pyper and Smith (2005) flow-to-smolt survival
relationship for each salmonid species. A detailed discussion of how the Pyper and
Smith (2005) flow-to-smolt survival relationship was incorporated into the AHA model
analysis is presented in Appendix A.

2.3.3 Yakima River Decision Support System (YRDSS) Model

The Yakima River Decision Support System (YRDSS) model is an Microsoft EXCEL
application developed by the USGS, Fort Collins Science Center for the Storage Study as
an, “integrated water management/habitat response tool that would allow USBR to
quantify the feasibility, effectiveness, and risks associated with various water
management alternatives.” (Bovee, pers. comm. on information contained in the draft
open file report, 2007).

A Delphi survey was the first step in the development of the YRDSS. A Delphi survey®
was conducted by the USGS, Fort Collins Science Center to determine, 1) critical
salmonid lifestages to be considered, 2) suitable habitat defined by water depth and
velocity, and 3) preferred mesohabitat, which were needed for development of the
YRDSS model. A panel of 15 local fishery biologists, from nine different entities (i.e.
Yakima Nation, Yakima County, Washington Department of Fish and Wildlife, Joint
Board, National Marine Fisheries Service, Bureau of Reclamation, U.S. Fish and Wildlife
Service, US Forest Service, and US Geological Survey) were invited to participate in the
Delphi survey. Four survey rounds® were conducted before there was convergence in all
three survey categories. Bovee (pers. comm. on information contained in the draft open

> The Delphi method (or survey) is a systematic interactive forecasting method for obtaining forecasts
from a panel of independent experts. The carefully selected experts answer questionnaires in two or more
rounds. After each round, a facilitator provides an anonymous summary of the experts’ forecasts from the
previous round as well as the reasons they provided for their judgments. Thus, participants are encouraged
to revise their earlier answers in light of the replies of other members of the group. It is believed that during
this process the range of the answers will decrease and the group will converge towards the "correct"
answer. Finally, the process is stopped after a pre-defined stop criterion (e.g. number of rounds,
achievement of consensus, stability of results) and the mean or median scores of the final rounds determine
the results (from Wikpedia).

6 'r!'he number of responses received by round were as follows: 1% round 10, 2" round 6, 3" round 6, and
4" round 5.
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file report, 2007) present a discussion of the Delphi survey process and the resulting
suitable habitat criteria for spring and fall Chinook, coho, steelhead, resident trout and
bull trout.

Input to the DSS model comes from several of the support models (i.e. Yak-RW, SRH-
W, River2D, SIAM and SNTEMP). The DSS includes:

e RiverWare model input: Daily mean flows for 25-year period of record (1981-
2005) for the five floodplain reaches- Easton, Kittitas, Union Gap, Wapato and
lower Naches for the four Storage study alternatives.

e SRH-W and River2D model input: Flow-to-species/lifestage algorithms for the
Easton, Ellensburg, Union Gap, Wapato and lower Naches floodplain reaches.
These algorithms were based on the suitable habitat criteria specific to each
species/lifestage developed through the YRDSS Delphi survey.

e SIAM model input: Algorithms derived by the SIAM model for the decision
variables- Fine Material Transport, Geomorphic Adjustment and Armor
Disruption, for each of the five floodplains were incorporated into the YRDSS.
Yak-RW generated daily flow specific to each alternative was the independent
variable used to estimate the three decision variables for each alternative for the
five floodplains for a specific daily flow.

e SNTEMP model input: Estimated daily maximum water temperature for the 23
year period of record (1981-2003) for each alternative for the Union Gap, Wapato
and lower Naches floodplain reaches was used.

YRDSS model outputs called, Decision Variables (table 3) are divided into four
categories, for the purposes of this report only the Biological and Sediment transport and
geomorphology categories are discussed since these were germane to this technical
report:

e Biological
e Overbank flow and floods
e Management and delivery

e Sediment transport and geomorphology
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Table 3. List of decision variables and categories incorporated into the Yakima River
Decision Support System (YRDSS).

Category

Decision Variables

Description

Biological

Redd Scour

Maximum depth of redd scour
during incubation for the 25-year
period of record

Habitat Time Series

Amount (acres) of habitat for the
following lifestages: fry, juvenile
summer and winter rearing, and
adult holding.

Spawning-Incubation

Persistence of suitable spawning
and incubation habitat (acres).

Stream Temperature

Maximum daily temperature
during specific lifestage time
periods.

Bull Trout Outmigration

Frequency of suitable inflows and
reservoir (i.e. Keechelus, Kachess
and Rimrock) elevation to support
up migration of bull trout
spawners.

Cle Elum Reservoir Smolt
Outmigration

Frequency of suitable reservoir
elevation to support smolt
outmigration.

Overbank Flow and Floods

Overbank Flows

Frequency of overbank flows

Potential Flood Damage

Frequency of potentially
damaging flood events.

Management and Delivery

Total Deliverable Water Supply

TWSA by month

Total Deliverable to junior water
right holders

Proration rate to junior water right
holders

Reservoir Carryover

End-of-year (September 30) total
reservoir storage.

Sediment Transport and
Geomorphology

Fine Sediment Transport

Total mass transport of sand, silt
and clay.

Armor Disruption

Frequency of events capable of
erosion of armor layer.

Geomorphic Adjustment

Maximum 15-day sum of
geomorphic work performed in a
water year.

The Biological category consists of the fisheries related decision variables- Redd Scour,
Habitat Time Series, Spawning-Incubation, Stream Temperature, Reservoir Outmigration
and Bull Trout Passage. The Redd Scour decision variable records the annual and overall
(for the 25-year period of record) estimated maximum bed scour in the floodplain reach
during the spawning/incubation lifestage, which is user defined. Redd scour for each
floodplain reach represents the average bed scour based on all of the reach cross sections
comprising the HEC-RAS model.
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The Habitat Time Series decision variable averages the species/lifestage suitable area
calculated daily for the 25-year period of record based on daily mean flows that occur
during the user defined species/lifestage temporal window (i.e. summer rearing spring
Chinook is June 1 — September 30) and species/lifestage flow-to-habitat algorithms.

The Spawning-Incubation decision variable calculates the amount of suitable spawning
and incubation habitat that overlaps (or persists) throughout the spawner/incubation
lifestage window (defined by the user).

The Stream Temperature decision variable is designed to tally the number of days
annually and overall for the 23 year period of record that exceed a critical maximum
water temperature threshold for a given species/lifestage. And the critical threshold
values were determined by review of the fishery literature. Though this decision variable
is functional in the DSS model, model output for this variable is not suitable for its
intended use of recording the number of days the critical maximum stream temperature is
exceeded. There are several reasons for this. First, the SNTEMP model is accurate for
measuring the relative change in daily water temperature between Storage Study
alternatives, but not as accurate for predicting the absolute daily maximum stream
temperature for each alternative. Second, the spatial and temporal boundaries of the
SNTEMP model only incorporated the Union Gap and Wapato floodplain reaches during
the irrigation season (April through October).

The bull trout spawner upmigration decision variable tallies the number of days annually
and overall for the 25-year period of record that does not meet the adult tributary
upmigration criterion for bull trout populations residing in the Keechelus, Kachess and
Rimrock reservoirs. Adult upmigration criteria were based on a combination of reservoir
elevation and combined tributary inflow into the reservoir. It should be noted that
individual tributary flow is not measured, and that total tributary inflow to each reservoir
is calculated indirectly from the reservoir elevation-to-capacity curve and the reservoir
outflow. Bovee (pers. comm. on information contained in the draft open file report,
2007) provides a more in-depth description of this decision variable using Keechelus
Reservoir as an example.
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Chapter 3. RESULTS AND DISCUSSION

Flow-to-habitat curves presented in the results section represent the under present day
habitat conditions the approximate amount of expected habitat for a specific species and
lifestage for a given stream flow. To the extend instream structure exists (i.e. large
woody debris, boulders, overhanging vegetation) creating additional micro-habitat, this is
not represented by the 2-D hydrodynamic models since they represent habitat conditions
based on stream flow and channel configuration and channel roughness.

3.1 Hydrographs

Figures 2-5 present the median daily flows for the Easton, Umtanum, Parker and Naches
at Naches USBR gages from November 1 through October 31 for the 1981-2005 period
of record, that were simulated by the RiverWare model. Each hydrograph show the
median daily flows for the No Action, Wymer Dam and Reservoir, Wymer Plus, Black
Rock Alternatives, and the unregulated flow regime. These hydrographs are presented as
background information that the reader can refer to as needed throughout the Results
section.

3.2 Upper Yakima Summer Flows and Habitat
for Spring Chinook and Steelhead

A map of the Yakima basin showing the location of the floodplain reaches can be found
at the beginning of Appendix B.

3.2.1 Easton Reach

The flow-to-habitat curves’, for spring Chinook and steelhead fry lifestages; and for
spring Chinook and steelhead summer subyearling lifestages were similar (figure 6).
And the amount of steelhead habitat for both lifestages at any given flow was somewhat
greater compared to spring Chinook. The amount of fry habitat for both species was
relatively constant from 150 cfs to 2,000 cfs. Spring Chinook and steelhead summer
subyearling habitat increased from 150 cfs to 300 cfs, and then decreased up to 1,100 cfs,
after which the amount of habitat increased again.

" All flow-to-habitat curves presented in this technical report were derived from the DSS model,
which relied on the Delphi survey criteria to define the specific species and lifestage habitat
correspondence to a particular flow (cfs).
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Figure 2. RiverWare model simulated median daily flows for the 1981-2005 period of
record for the Easton gage used to represent flows in the Easton floodplain reach.
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Figure 3. RiverWare model simulated median daily flows for the 1981-2005 period of
record for the Umtanum gage used to represent flows in the Ellensburg floodplain reach.
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Figure 4. RiverWare model simulated median daily flows for the 1981-2005 period of
record for the Parker gage used to represent flows in the Wapato floodplain reach.
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Figure 5. RiverWare model simulated median daily flows for the 1981-2005 period of
record for the Naches at Naches gage used to represent flows in the lower Naches
floodplain reach.
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Figure 6. Flow-to-habitat curves for spring Chinook and steelhead for the fry and summer
subyearling lifestages for the Easton floodplain reach.

3.2.1.1 Fry Habitat

Except for the month of May, there were minimal variation in the amount of monthly
spring Chinook and steelhead fry habitat between the four alternatives, which is expected
since there was little change in the amount of habitat from low to high flow (figures 7 and
8). Compared to No Action the monthly variation in the amount of fry habit for the Joint
Alternatives (i.e. Wymer Dam and Reservoir, Wymer Plus and Black Rock) was -26.8%
to 0.8% for spring Chinook and -20.9% to 1.1% for steelhead.

3.2.1.2 Subyearling Habitat

Except for the month of August, the amount of spring Chinook subyearling habitat was
comparable for all alternatives for each month (figure 9). For August there was less (-
9.5%) spring Chinook subyearling habitat for No Action compared to the Joint
Alternatives.

The amount of steelhead subyearling habitat was nearly identical for all alternatives and
for all months with the exception of Black Rock for June, which was approximately 6%
greater than for the other alternatives (figure 10).
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Easton: Spring Chinook Fry Habitat
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Figure 7. Summary of the amount of median monthly spring Chinook fry habitat and flow
for each alternative for the Easton floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by lines.).
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Figure 8. Summary of the amount of median monthly steelhead fry habitat and flow for
each alternative for the Easton floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by lines.).
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Easton: Spring Chinook Subyearling Habitat
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Figure 9. Summary of the amount of median monthly spring Chinook summer subyearling
habitat and flow for each alternative for the Easton floodplain reach (Note: the left Y-axis
is habitat represented by the columns; the right Y-axis is flow represented by lines.).
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Figure 10. Summary of the amount of median monthly steelhead summer subyearling
habitat and flow for each alternative for the Easton floodplain reach (Note: the left Y-axis
is habitat represented by the columns; the right Y-axis is flow represented by lines.).
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3.2.1.3 Unregulated Condition

The unregulated flow regime for spring Chinook and steelhead fry habitat increased
steadily from March through May as flow increased (figures 7 and 8). The amount of
spring Chinook and steelhead fry habitat for the unregulated flow regime was less in
March than for all the alternatives; in April it was greater than for all the alternatives; and
in May it was greater than for Black Rock, but less compared to the remaining
alternatives.

The amount of spring Chinook and steelhead summer subyearling habitat for the
unregulated flow regime was similar to that of the other alternatives in July, August and
September and lower than the other alternatives in June (figures 9 and 10).

3.2.2 Ellensburg Reach

For the Ellensburg 2-D hydrodynamic model 13 flows were simulated between 400 cfs to
10,000 cfs. In this discussion only simulated flows between 400 cfs to 6,500 cfs are
presented since all monthly median flows for the alternatives occurred within this range.
The flow-to-habitat curves were similar for spring Chinook and steelhead for both the fry
and summer subyearling lifestages. And the amount of steelhead habitat for any given
flow was consistently greater than for spring Chinook (figure 11).

There was not a substantial change in the amount of spring Chinook or steelhead fry
habitat from low (400 cfs) to high (6,500 cfs) flow. The amount of spring Chinook
summer subyearling habitat increased slightly from 400 cfs to 540 cfs then decreased
slightly up to 800 cfs, then it decreased steadily up to 2,770 cfs, after which the amount
of spring Chinook summer subyearling habitat slowly increased. Steelhead summer
subyearling habitat increased from 400 cfs up to 800 cfs, then decreased steadily up to
2,770 cfs, after which the amount of habitat began to increase slowly as flow increased.

3.2.2.1 Fry Habitat

The percent difference in spring Chinook fry habitat comparing the Joint Alternatives to
No Action varied from -3.7% to 6.9% depending upon the month (figure 12).

The percent difference in steelhead fry habitat for the Joint Alternatives compared to No
Action varied from -5.6% to 4.9% depending on the month (figure 13).

3.2.2.2 Subyearling Habitat

With the exception of Black Rock for September (21.6%), the percent change in spring
Chinook summer subyearling habitat varied between -7.3% to 0.9% for all alternatives
compared to No Action depending on the month (figure 14).
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Figure 11. Flow-to-habitat curves for spring Chinook and steelhead for the fry and
summer subyearling lifestages for the Ellensburg floodplain reach.
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Figure 12. Summary of the amount of median monthly spring Chinook fry habitat and flow
for each alternative for the Ellensburg floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by lines.).
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Ellensburg: Steelhead Fry Habitat
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Figure 13. Summary of the amount of median monthly steelhead fry habitat and flow for
each alternative for the Ellensburg floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by lines.).
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subyearling habitat and flow for each alternative for the Easton floodplain reach (Note: the

left Y-axis is habitat represented by the columns; the right Y-axis is flow represented by

lines.).
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Similar to spring Chinook the percent change in steelhead summer subyearling habitat
(figure 15) changed minimally (-4.0% to 0.8%) between the Joint Alternatives and
months compared to No Action, with the exception of Black Rock for September
(17.6%).

3.2.2.3 Unregulated Condition

The unregulated flow regime for spring Chinook and steelhead fry habitat increased

steadily from March through May as flow increased (figures 12 and 13). The amount of
spring Chinook and steelhead fry habitat for the unregulated flow regime for March was
comparable to the Joint Alternatives and greater than all alternatives for April and May.

The amount of spring Chinook and steelhead summer subyearling habitat for the
unregulated flow regime was always greater on a monthly basis compared to all the
alternatives, and steadily increased from March through September as flow declined
(figures 14 and 15).

3.2.3 Lower Naches Reach

Both spring Chinook and steelhead for fry and summer subyearling lifestages had similar
flow-to-habitat curves, and the amount of steelhead habitat for both lifestages was
somewhat greater than for spring Chinook for a given flow (figure 16). There was not a
substantial change in the amount of spring Chinook or steelhead fry habitat from low
(250 cfs) to high (8,000 cfs) flow. Spring Chinook fry habitat ranged from 8,782 m? at
500 cfs to 17,361 m*at 3,000 cfs, which equates to a maximum percent difference in
habitat of 98%. The amount of steelhead fry habitat was 15,742 m*at low flow (1,500
cfs) and was 24,079 m?at high flow (8,000 cfs). The quantity of spring Chinook summer
subyearling habitat decreased slightly from 250 cfs to 1,500 cfs, and then continued to
increase up to 8,000 cfs. Steelhead summer subyearling habitat increased from 250 cfs
up to 500 cfs, then slowly decreased up to 1,500 cfs, and then increased steadily up to
8,000 cfs.

3.2.3.1 Fry Habitat

There was not much difference between alternatives in the amount of spring Chinook and
steelhead fry habitat on a monthly basis, and the amount of habitat for all alternatives was
greatest in May (figures 17 and 18). Compared to No Action the percent change in
spring Chinook habitat for the Joint Alternatives ranged from 0.0% to 6.5% depending on
the month, and for steelhead it was 0.0% to 4.4%.
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Figure 15. Summary of the amount of median monthly steelhead summer subyearling
habitat and flow for each alternative for the Ellensburg floodplain reach (Note: the left Y-
axis is habitat represented by the columns; the right Y-axis is flow represented by lines.).
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Figure 16. Flow-to-habitat curves for spring Chinook and steelhead for the fry and
summer subyearling lifestages for the lower Naches floodplain reach.
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Lower Naches: Spring Chinook Fry Habitat
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Figure 17 Summary of the amount of median monthly spring Chinook fry habitat and flow
for each alternative for the Ellensburg floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by lines.).
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Figure 18. Summary of the amount of median monthly steelhead fry habitat and flow for
each alternative for the Ellensburg floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by lines.).
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3.2.3.2 Subyearling Habitat

On a monthly basis there was not a substantial difference in the percent change in spring
Chinook and steelhead summer subyearling habitat between alternatives. The percent
change in spring Chinook summer subyearling habitat varied from 0.0% to 6.5%
depending on the month, and for steelhead it varied from -2.5% to 6.8% (figures 19 and
20).

3.2.3.3 Unregulated Condition

The unregulated flow regime for spring Chinook and steelhead fry habitat increased
steadily from March through May as flow increased (figures 17 and 18). The amount of
spring Chinook and steelhead fry habitat for the unregulated flow regime for all months
was somewhat greater compared to all alternatives, and increased as a function of
increasing flow.

The amount of spring Chinook subyearling habitat for the unregulated flow regime was
greater for June (34.9% compared to No Action) and for September (39.3% compared to
No Action) than for all of the alternatives; and was comparable for July and August; and
for steelhead subyearling habitat it also was greater for June (23.0% compared to No
Action) and for September (25.8% compared to No Action) than for all of the
alternatives; and was comparable for July and August (figures 19 and 20).

3.3 Upper Yakima Summer Flows and Habitat
for Resident Rainbow Trout and Bull Trout

3.3.1 Easton

The DSS model the bull trout fry lifestage was temporally defined to occur April through
May and for the summer subyearling lifestage to occur June through September. The
resident rainbow trout fry lifestage was temporally defined to occur July through August
and the summer subyearling lifestage to occur in September.

Bull trout and rainbow trout both had near identical flow-to-fry habitat curves (figure 21).
The amount of fry habitat for both species slowly decreased from 150 cfs up to 700 cfs,
after which it slowly increased. Minimum and maximum fry habitat for bull trout and
rainbow trout occurred at 700 cfs and at 900 cfs, and at 3,500 cfs and 3,500 cfs,
respectively.
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Lower Naches: Spring Chinook Subyearling Habitat
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Figure 19. Summary of the amount of median monthly spring Chinook summer
subyearling habitat and flow for each alternative for the lower Naches floodplain reach
(Note: the left Y-axis is habitat represented by the columns; the right Y-axis is flow
represented by lines.).
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Figure 20. Summary of the amount of median monthly steelhead summer subyearling
habitat and flow for each alternative for the lower Naches floodplain reach (Note: the left
Y-axis is habitat represented by the columns; the right Y-axis is flow represented by
lines.).
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Easton Floodplain Reach
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Figure 21. Flow-to-habitat curves for bull trout and resident rainbow trout for the fry and
summer subyearling lifestages for the Easton floodplain reach.

The flow-to-summer subyearling habitat curves for bull trout and rainbow trout had
similar patterns, and more bull trout habitat than rainbow trout habitat occurred at a given
flow (figure 21). The amount of bull trout and rainbow trout summer subyearling habitat
increased from 150 cfs to 300 cfs, then decreased up to 1,100 to 1,300 cfs, after which it
began to increase.

3.3.1.1 Fry Habitat

The amount of bull trout fry habitat for April was nearly the same (~17,300 to ~17,500
m?) for all alternatives, and in May it was the same (25,708 m?) for all but the Black
Rock Alternative, which was less (20,265 m?) (figure 22).

The amount of rainbow trout fry habitat for July and August was identical (26,353 m?)
for all alternatives, with the exception of No Action for August (20,276 m?) (figure 23).

3.3.1.2 Summer Subyearling Habitat

There was minimal difference (284,272 to 300,651 m?) in the amount of bull trout
summer subyearling habitat between the alternatives for every month (figure 24).

The amount of rainbow trout summer subyearling habitat was identical (256,325 m?) for
all but the No Action Alternative, which was somewhat greater (261,111m?) (figure 25).
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Figure 22. Summary of the amount of median monthly bull trout fry habitat and flow for
each alternative for the Easton floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by lines.).
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Figure 23. Summary of the amount of median monthly resident rainbow trout fry habitat
and flow for each alternative for the Easton floodplain reach (Note: the left Y-axis is
habitat represented by the columns; the right Y-axis is flow represented by lines.).
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Easton: Bull Trout Summer Subyearling Habitat
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Figure 24. Summary of the amount of median monthly bull trout summer subyearling
habitat and flow for each alternative for the Easton floodplain reach (Note: the left Y-axis
is habitat represented by the columns; the right Y-axis is flow represented by lines.).
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Figure 25. Summary of the amount of median monthly resident rainbow summer
subyearling habitat and flow for each alternative for the Easton floodplain reach (Note: the
left Y-axis is habitat represented by the columns; the right Y-axis is flow represented by
lines.).
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3.3.1.3 Unregulated Condition

Under the unregulated flow regime bull trout fry habitat increased from April to May as
flow increased; and rainbow trout fry habitat increased from July to August as flow
decreased (figures 22 and 23).

Under the unregulated flow regime bull trout subyearling habitat was comparable to the
other alternatives in July, August and September, and substantially less (-39.3%
compared to No Action) in June; as flows decreased rapidly from June to July and then
more gradually through September (figure 24). Rainbow trout subyearling habitat under
the unregulated flow regime was less (-7.7%) compared to No Action) than for all the
alternatives (figure 25).

3.3.2 Ellensburg

Bull trout and rainbow trout both had near identical flow-to-fry habitat curves (figure 26).
The amount of fry habitat for both species decreased slowly from 400 cfs up to 1,288 cfs,
after which it slowly increased. Minimum and maximum fry habitat for bull trout and
rainbow trout occurred at 1,032 cfs and at 6,500 cfs, and at 1,288 cfs and 4,000 cfs,
respectively.

The flow-to-summer subyearling habitat curves for bull trout and rainbow trout had
similar patterns, and more bull trout habitat than rainbow trout habitat occurred at a given
flow (figure 26). The amount of bull trout summer subyearling habitat increased from
400 cfs to 800 cfs then decreased up to 2,770 cfs, after which it increased. The amount of
rainbow trout habitat increased from 400 cfs to 800 cfs, then decreased up to 2,311 cfs,
and then slowly increased.

3.3.2.1 Fry Habitat

The amount of bull trout and rainbow trout fry habitat for April and May were similar
(~10,400 m? to ~10,900 m?) for all alternatives (figures 27 and 28). Compared to No
Action the Joint Alternatives had a percent change in the amount of bull trout fry habitat
ranging from -2.7% to 1.4%.

The amount of rainbow trout fry habitat for July and August was similar (~9,700 m? to
10,600 m?) for all alternatives, and the percent change in habitat area for the Joint
Alternatives compared to No Action was -18.2% to 0.2% depending on the month
(figure 28).
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Figure 26. Flow-to-habitat curves for bull trout and resident rainbow trout for the fry and

summer subyearling lifestages for the Easton floodplain reach.
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Figure 27. Summary of the amount of median monthly bull trout fry habitat and flow for
each alternative for the Ellensburg floodplain reach (Note: the left Y-axis is habitat

represented by the columns; the right Y-axis is flow represented by lines.).
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Ellensburg: Resident Rainbow Trout Fry Habitat
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Figure 28. Summary of the amount of median monthly resident rainbow trout fry habitat
and flow for each alternative for the Ellensburg floodplain reach (Note: the left Y-axis is
habitat represented by the columns; the right Y-axis is flow represented by lines.).

3.3.2.2 Summer Subyearling Habitat

There was minimal difference (79,407 m* to 86,343 m?) in the amount of bull trout
summer subyearling habitat between the alternatives for June, July and August (figure
29). The amount of bull trout summer subyearling habitat in September was greater for
all alternatives compared to the other months, and was similar (115,859 m? to 116,657
m?) for all alternatives except Black Rock which was greater (134,522 m?).

The amount of rainbow trout summer subyearling habitat was nearly the same (~99,000
m? to 99,700 m?) for all but the Black Rock Alternative, which was somewhat greater
(116,143 m?) (figure 30).

3.3.2.3 Unregulated Condition

Under the unregulated flow regime bull trout fry habitat increased from April to May as
flow increased; and rainbow trout fry habitat increased slightly from July to August as
flow decreased (figures 27 and 28). The amount of fry habitat was greater than all the
alternatives for bull trout and less than all the alternatives for rainbow trout for both April
and May.
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Ellensburg: Bull Trout Sub-Yearling Habitat
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Figure 29. Summary of the amount of median monthly bull trout summer subyearling
habitat and flow for each alternative for the Easton floodplain reach (Note: the left Y-axis
is habitat represented by the columns; the right Y-axis is flow represented by lines.).

Under the unregulated flow regime bull trout subyearling habitat increased from June to
September and was always greater (4.9% to 95.1% compared to No Action) than the
amount of habitat for the alternatives (figure 29); and flows decreased rapidly from June
to July and then decreased slowly from July to September. Rainbow trout subyearling
habitat under the unregulated flow regime was greater (47.2% compared to No Action)
than for all the alternatives (figure 30).

3.4 Lower Naches Summer Flows and Habitat
for Resident Rainbow Trout and Bull Trout

Bull trout and rainbow trout both had near identical flow-to-fry habitat curves (figure 31).
The amount of fry habitat for both species was nearly constant from 250 cfs up to 1,500
cfs, then increased slightly up to 2,680 cfs, and then leveled off remained fairly constant.
Minimum and maximum fry habitat for bull trout and rainbow trout occurred at 1,000 cfs
and at 4,000 cfs, and at 1,000 cfs and 8,000 cfs, respectively.

The flow-to-summer subyearling habitat curves for bull trout and rainbow trout had
similar patterns, and more bull trout habitat than rainbow trout habitat occurred at a given
flow. The amount of summer subyearling habitat for both species increased from 250 cfs
to 500 cfs, then decreased up to 1,500 cfs, and then steadily increased.
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Ellensburg: Resident Rainbow Trout Subyearing Habitat
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Figure 30. Summary of the amount of median monthly resident rainbow summer
subyearling habitat and flow for each alternative for the Ellensburg floodplain reach (Note:
the left Y-axis is habitat represented by the columns; the right Y-axis is flow represented
by lines.).

Lower Naches Floodplain Reach

900,000

800,000 -
700,000 -+
600,000

500,000 -

400,000

Habitat (meters 2)

300,000 -+

200,000 -+

100,000

0 T T \ \ \ \ \ \ \
250 500 720 1000 1500 2000 2680 3000 3500 4000 5000 6000

Discharge (cfs)

Figure 31. Flow-to-habitat curves for bull trout and resident rainbow trout for the fry and
summer subyearling lifestages for the lower Naches floodplain reach.
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3.4.1 Fry Habitat

The amount of bull trout fry habitat (~26,200 m? to ~27,000 m?) for April was
comparable for all alternatives, as was the case in May (~31,700 to ~33,100 m?
(figure 32).

The amount of rainbow trout fry habitat for July was least for No Action (17,652 m?) and
increased for the Joint Alternatives (figure 33). The amount of rainbow trout fry habit for
August was greater than for July for all alternatives (~18,600 m? to 18,800 m?) and did
not vary much between alternatives.

3.4.2 Summer Subyearling Habitat

There was little variation on a monthly basis in the amount of bull trout summer
subyearling habitat between the alternatives, and the amount of habitat ranged from a low
of approximately 250,000 m? for September to a high for June of approximately

300,000 m? (figure 34).

The amount of rainbow trout summer subyearling habitat (~250,000 m?) was nearly the
same for all the alternatives, except Black Rock, which was somewhat greater
(~260,000 m?) (figure 35).

3.4.3 Unregulated Condition

Under the unregulated flow regime bull trout fry habitat increased from April to May as
flow increased; and rainbow trout fry habitat increased from July to August as flow
decreased (figures 32 and 33). The amount of bull trout fry habitat was greater than the
amount for all the alternatives for July and August (figure 32). The amount of rainbow
trout subyearling habitat for April was greater than that for No Action, Wymer Dam and
Reservoir and Wymer Plus, and for May it was less than that for all of the alternatives.

Under the unregulated flow regime bull trout subyearling habitat decreased from June to
July and remained fairly constant to September, and was greater than the amount of
habitat for the alternatives in June and September and comparable in July and August
(figure 34); and flows decreased rapidly from June to July and then decreased slowly
from July to September. Rainbow trout subyearling habitat under the unregulated flow
regime was greater (18.6% compared to No Action) than for all the alternatives

(figure 35).
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Lower Naches: Bull Trout Fry Habitat
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Figure 32. Summary of the amount of median monthly bull trout fry habitat and flow for
each alternative for the lower Naches floodplain reach (Note: the left Y-axis is habitat
represented by the columns; the right Y-axis is flow represented by lines.).

Lower Naches: Resident Rainbow Trout Fry Habitat
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Figure 33. Summary of the amount of median monthly resident rainbow trout fry habitat
and flow for each alternative for the lower Naches floodplain reach (Note: the left Y-axis is
habitat represented by the columns; the right Y-axis is flow represented by lines.).
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Lower Naches: Bull Trout Summer Subyearling Habitat
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Figure 34. Summary of the amount of median monthly bull trout summer subyearling
habitat and flow for each alternative for the lower Naches floodplain reach (Note: the left
Y-axis is habitat represented by the columns; the right Y-axis is flow represented by
lines.).
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Figure 35. Summary of the amount of median monthly resident rainbow summer
subyearling habitat and flow for each alternative for the Ellensburg floodplain reach (Note-
the left Y-axis is habitat represented by the columns and the right Y-axis is flow
represented by lines.).
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3.5
Operation

3.5.1 Ellensburg Reach

Upper Yakima and Lower Naches Flip Flop

Table 3 presents the median pre and post flip flop flows and difference in flow; and the
percent of pre and post flip flop spring Chinook summer subyearling habitat for the
Ellensburg reach for each Storage Study alternative and unregulated.

Table 3. Median flow (cfs) for pre (August 1-15) and post (September 15-28) flip flop, and
the percent of pre and post flip flop spring Chinook summer subyearling habitat in the
Ellensburg reach (Based on Yak-RW model simulated flows for the 1981-2005 period of

record.).
. . Wymer Wymer
Period Unregulated | No Action | Black Rock Dam anc_i Plus
Reservoir

Aug 1-15 998 3,860 2,774 3,208 3,229
Sep 15-28 834 1,506 1,239 1,507 1,493
Flow Difference -164 -2,354 -1,535 -1,722 -1,715
Pre Flip Flop Percent Side
Channel spring Chinook 18.0% 67.6% 51.8% 58.1% 58.4%
Summer Subyearling Habitat
Pre Flip Flop Percent Side
Channel spring Chinook 14.7% 25.1% 21.1% 25.1% 24.9%
Summer Subyearling Habitat
Pre and Post Flip Flop Absolute 3.3% 42 5% -30.7% -33.0% -33.5%

Percent Difference

Unregulated flows were the lowest for pre and post flip flop, and had a flow differential
of 164 cfs (table 3). For all the alternatives because of much higher flows the percent of
pre flip flop side channel spring Chinook summer subyearling habitat was No Action,
67.6%; Black Rock, 51.8%, Wymer Dam and Reservoir, 58.1%; and Wymer Plus,
58.4%. The percent of post flip flop spring Chinook summer subyearling habitat was
considerably lower: No Action, 25.1%; Black Rock, 21.1%, Wymer Dam and Reservoir,
25.1%; and Wymer Plus, 24.9%. For the alternatives the absolute percent difference
between pre and post flip flop spring Chinook summer subyearling habitat was No
Action, -42.5%; Black Rock, -30.7%, Wymer Dam and Reservoir, -33.0%; and Wymer

Plus, -33.5%. If the post flip flop flow for Black Rock was similar to the other

alternatives (~1,500 cfs) then the absolute percent difference between pre and post flip
flop would be reduced from -30.7% to -26.8%.
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None of the alternatives are able to reduce the effect of flip flop on side channel (and
mainstem) habitat that is comparable to unregulated (-3.3%). Because of this, to the
extent that spring Chinook summer subyearling fish are displaced as flow declines during
the flip flop operation, there still exists a fairly high potential for displacement of juvenile
fish to occur for all the alternatives. Figure 36 illustrates for a small section of the
Ellensburg floodplain how spring Chinook summer subyearling habitat shifts from the
side channels to the mainstem during flip flop for all of the Storage Study alternatives. In
this example the green areas show suitable habitat at 4000 cfs and yellow areas at 540
cfs. Notice that most of the spring Chinook summer subyearling habitat occurs in the
main channel at low flows and in the side channels at high flows, and that there is few
areas (blue) where habitat overlaps at both flow levels.

3.5.2 Lower Naches Reach

Table 4 presents the median pre and post flip flop flows and difference in flow; and the
percent of pre and post flip flop spring Chinook summer subyearling habitat for the lower
Naches reach for each Storage Study alternative and unregulated.

Table 4. Median flow (cfs) for pre (August 1-15) and post (September 15-28) flip flop, and
the percent of pre and post flip flop spring Chinook summer subyearling habitat in the
lower Naches reach (Based on Yak-RW model simulated flows for the 1981-2005 period of
record.).

. No Wymer Wymer
Period Unregulated Action Black Rock Dam anq Plus
Reservoir

Aug 1-15 695 689 621 572 578
Sep 15-28 533 1628 1220 1691 1670
Flow Difference -163 978 599 1120 1092
October Base Flow 400 400 400 400 400
(approximate)
Pre Flip Flop Percent Side 4.7% 3.7% 3.8% 3.2% 3.3%

Channel spring Chinook

Summer Subyearling Habitat
Pre Flip Flop Percent Side 2.8% 23.8% 14.9% 25.2% 24.7%
Channel spring Chinook

Summer Subyearling Habitat
Pre and Post Flip Flop -1.9% 20.1% 11.1% 22.0% 21.4%
Absolute Percent Difference
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Figure 36. A reach segment located in the Ellensburg floodplain reach showing the
location of spring Chinook summer subyearling habitat at 4000 cfs (green) and at 540 cfs
(yellow).

The pre flip flop flows were comparable for all the Storage Study alternatives and
unregulated (572 cfs to 695 cfs) (table 4). The percent of pre flip flop side channel
habitat for spring Chinook summer subyearling was No Action, 3.7%; Black Rock, 3.8%,
Wymer Dam and Reservoir, 3.2%; and Wymer Plus, 3.3%.; and the percent of post flip
flop side channel habitat for spring Chinook summer subyearling was No Action, 23.8%;
Black Rock, 14.9%, Wymer Dam and Reservoir, 25.2%; and Wymer Plus, 24.7%. The
absolute percent difference between pre and post flip flop side channel habitat for spring
Chinook summer subyearling was No Action, 20.1%; Black Rock, 11.1%, Wymer Dam
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and Reservoir, 22.0%; and Wymer Plus, 21.4%. Note, however, that for all Storage
Study alternatives across all pre, post and October base flow the majority (75% to 98%)
of spring Chinook summer subyearling habitat occurs in the mainstem.

Unlike in the upper Yakima River where flows decrease, and remain so, as a result of flip
flop; in the lower Naches flows increase as a result of flip flop, and then decrease once
the irrigation season is over in late September. Therefore, the potential negative effect of
flip flop on spring Chinook summer subyearlings (and other fishes) may be greater.
Figure 37 illustrates for a small section of the lower Naches floodplain how spring
Chinook summer subyearling habitat shifts from the mainstem at pre flip flop flows, to
the side channels at higher post flip flop flows, and then back to the mainstem when
flows are reduced once irrigation season ends. Notice under unregulated flows, which
represent the normative pattern, there is a steady and gradual (i.e. pre flip flop, ~700 cfs;
post flip flop, ~500 cfs; and October base flow, ~400 cfs) there is a corresponding
gradual decrease in the percent of spring Chinook summer subyearling habitat.

3.6 Wapato Reach Summer Flows and Habitat

The flow-to-habitat results for the Wapato reach; unlike for the other previously
discussed reaches, used the coho summer subyearling lifestage, since it’s the only
anadromous salmonid lifestage residing at present in the Wapato reach during the
summer period.

For the Wapato 2-D hydrodynamic model 12 flows were simulated between 300 cfs to
15,000 cfs, and habitat area was extrapolated for the flows of 150 and 50,000 cfs, and
interpolated for 10,000 cfs flow (Bovee pers. comm. on information contained in the draft
open file report, 2007). Only simulated, extrapolated or interpolated flows between 150
cfs to 10,000 cfs are presented since all monthly median flows between the alternatives
occurred within this range.

Coho summer subyearling habitat decreased from 150 cfs up to 750 cfs, and gradually
increased up to 2,500 cfs, after which the amount of habitat increased rapidly as flow
increased to 10,000 cfs (figure 38).

3.6.1.1 Summer Subyearling Habitat

With the exception of Black Rock for June, there was little difference between
alternatives and months in the amount of summer subyearling coho habitat (figure 39).
The percent difference in the amount of coho summer subyearling habitat comparing the
Joint Alternatives to No Action were June, 2.4% to 63.8%; July, 0.0% to 4.8%; August, -
0.1% to 4.6%; and September, -0.1% to 3.9%.
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Figure 37. A reach segment located in the lower Naches floodplain reach showing the
location of spring Chinook summer subyearling habitat at 1,500 cfs (blue), at 720 cfs (red),
and at 500 cfs (yellow). Habitat areas of overlap at multiple flows, Orange, 500 cfs and
720 cfs; purple, 720 cfs and 1,500 cfs; green, 500 cfs and 1,500 cfs; and grey, 500 cfs,

720 cfs and 1,500 cfs.

3.6.1.2 Unregulated Condition

Under the unregulated flow regime coho subyearling habitat decreased from June to
August and remained constant in September. Flow decreased rapidly from June to July
and continued to decrease slowly to base flow in August and September (figure 4). The
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Figure 38. Flow-to-habitat curve for the coho summer subyearling lifestage depicting the
flow-to-habitat location of each Storage Study alternative and unregulated for the Wapato
floodplain.
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Figure 39. Summary of the amount of median monthly resident rainbow summer
subyearling habitat and flow for each alternative for the Ellensburg floodplain reach (Note-
the left Y-axis is habitat represented by the columns and the right Y-axis is flow
represented by lines.).
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amount of coho subyearling habitat was always greater (6.1% to 119.9% compared to No
Action) than the amount for all the alternatives for all months (figure 39).

3.6.1.3 Flow-to-Habitat: Main Channel vs. Side Channel

Figure 40 shows the relationship of coho summer subyearling habitat in the main channel
compared to channel as a function of flow for the Wapato floodplain. Mainstem summer
subyearling habitat remained fairly constant at 30,000 m2 from 300 cfs to 2,500 cfs, and
then steadily decreased from 2,500 cfs to 15,000 cfs (15,000 m?). Side channel summer
subyearling habitat increased from 300 cfs to 2,500 cfs, and then decreased from 2,500
cfs to 15,000 cfs (30,000 m?).
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Figure 40. Flow-to-habitat curve for coho summer subyearling showing the total amount
of habitat (line) by flow, and the percent of main channel and side channel habitat
(columns) by flow for the Wapato floodplain.
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3.7 Bull Trout Spawner Upmigration into
Tributaries Flowing into the Reservoirs

There was little difference between alternatives in the number of days bull trout spawner
upmigration into tributaries flowing into the Keechelus, Kachess and Rimrock reservoirs
was deemed impassable (table 4). The maximum difference in numbers of days for the
Joint Alternatives compared to No Action was Keechelus, 1 day; Kachess, 3 days; and
Rimrock, 2 days. Furthermore, with the exception of Black Rock at Rimrock reservoir,
reservoir surface elevations for the Joint Alternatives were more or less equal or greater
than compared to No Action.

Table 4. Number of days bull trout spawner upmigration into spawning tributaries was
deemed impassible for Keechelus, Kachess and Rimrock reservoirs for each Storage
Study alternatives; based on the 1981-2005 period of record.

Reservoir No Action a\évgrgsge[)ri?ir Wymer Plus Black Rock
Keechelus 37 37 37 38
Kachess 18 18 17 15
Rimrock 3 1 1 3

In summary compared to No Action the Joint Alternatives neither significantly improve
nor worsen conditions for bull trout spawner upmigration.

3.8 Anadromous Salmonid Fish Abundance for
each Alternative

3.8.1 Overview
There are three general purposes to this section:

1. To summarize the predicted performance of Yakima salmon and steelhead under
each scenario.

2. To demonstrate that the performance values estimated for each population are
reasonable.

3. To explain as succinctly as possible the reasons for differences in performance
among populations and storage alternatives.
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The best estimates of the performance of Yakima salmon and steelhead under the storage
alternatives entail the use of the AHA and the EDT models and a flow-survival
relationship demonstrated in an earlier study (Pyper and Smith, 2005). It is assumed that
the reader is already familiar with the AHA and EDT models and that a lengthy
description is not necessary. However, those who are unfamiliar with the basic nature of
these two models are encouraged to read Appendix A, “Application of the All H
Analyzer Model in concert with the Ecosystem Diagnosis & Treatment Model and the
Yakima River Flow-to-Smolt Outmigration Survival Rates to Estimate the Anadromous
Fisheries Numeric Benefits for the Storage Study Alternatives”, and for the EDT model
the paper by Lestelle, Mobrand and McConnaha (2004) At this point it is necessary only
to make a few specific points.

The AHA model is necessary to assess the true impact of the four scenarios on adult
production whenever a hatchery program is associated with a natural population of the
same species and run. This is so because EDT only estimates productivity and carrying
capacity for natural populations in the absence of any hatchery impact. Given estimates
of the proportion of natural origin fish in hatchery broodstock (pNOB), the proportion of
hatchery origin spawners (pHOS), the relative genetic fitness of naturally spawning
hatchery fish, etc, the AHA model estimates the equilibrium production of natural origin
recruits (NORs), hatchery origin recruits (HORS), and the numbers of fish harvested in all
fisheries. Importantly, the natural production values estimated by the AHA model are
adjusted for a genetic fitness impact attributable to interbreeding between natural and
hatchery fish over many generations.

Because hatchery programs exist for all salmon populations in the basin, the bottom-line
impacts of each scenario — the mean expected number of NOR and HOR spawners and
the mean expected numbers of harvested adults — entail the sequential application of the
EDT and AHA models. Thus, for spring Chinook, fall Chinook and coho, productivity
and capacity parameters estimated by the EDT model were entered into the AHA model
along with the quantitative details of hatchery and harvest operations. Expected NOR
and HOR escapements and harvests were estimated by the AHA model.

Such, however, was not the case for summer steelhead because none of the populations of
Yakima steelhead are impacted by a hatchery program. With one exception, the impacts
of each scenario on Yakima steelhead populations were estimated directly from the
harvest-adjusted output of the EDT model. The exception is the upper Yakima steelhead
population, which interbreeds extensively with a large upper Yakima rainbow trout
population. In the case of upper Yakima steelhead it is necessary to adjust EDT-based
estimates of abundance and harvest under each scenario for the interaction with rainbow
trout.

Regarding interbreeding resident and anadromous O. mykiss in the upper Yakima
watershed (the Yakima mainstem and its tributaries above Roza Dam), it has been
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demonstrated adult rainbow trout and steelhead are genetically indistinguishable
(Pearsons et al. 1998). It is also known that virtually all populations of steelhead and
rainbow trout are capable of producing progeny of a life history type different from the
parental type — that is to say, that at least some of the progeny of steelhead matings will
become resident, and some of the progeny of rainbow trout matings will become
anadromous (Kostow 2003). Indeed, to some degree, any population of O. mykiss in the
Northwest can be considered to represent equilibrium between resident and anadromous
life history types produced by a single genetic population. Usually, this equilibrium is
skewed far enough in one direction that most populations can reasonably be characterized
as a “rainbow trout” or “steelhead” population, and the interactions between life history
types can be ignored. Although such is probably the case for the Satus, Toppenish,
middle Yakima and Naches populations, which are predominantly anadromous, it clearly
is not for the upper Yakima population. Although a large majority of upper Yakima O.
mykiss exhibit the resident life history, a significant minority does not. Therefore, it is
necessary to described how differences in relative productivity carrying capacity and
fecundity push the resident/anadromous equilibrium of the upper Yakima population in
one direction or the other, and how such factors might mediate the ultimate impact of a
changed hydrograph.

The second issue — the demonstration that fish modeling results are reasonable — consists
of more than simply showing the degree of similarity between modeled and observed
estimates of mean escapement abundance under current conditions, although it does
entail this comparison. When mean smolt-to-adult return rate (SAR) changes
significantly from recent observations and from values incorporated in the model, a
reasonable model can produce estimates that differ considerably recent observations. In
such instances it is necessary to demonstrate a similarity between recent observations and
predictions adjusted by the change in SAR.

The third and final purpose of this section is to explain why modeled results are as they
are and in particular why one scenario was better than another for each population. This
exercise does not consist of a proof of the correctness of predictions for each population
under each 