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EXECUTIVE SUMMARY

REPORT ON BIOLOGICALLY BASED FLOWS
FOR THE YAKIMA RIVER BASIN

PURPOSE, SCOPE, and AUTHORITY

Authority for the development of thisreport was provided within Section 1205(a)(6)(B), Title
X1I of the Public Law 103-434 which obligates the System Operations Advisory Committee
(SOAC) with produdng this document. The members of SOAC ae fishery biologsts
representing the U.S. Fish and Wildlife Service (FWS), the Y akama Indian Nation (YIN), the
Washington Department of Fish and Wildlife (WDFW), and irrigation entities identified as the
Y akima Basin Joint Board (Y BJB).

The purpose of thisreport is to provide Congress and the Secretary of the Interior with areview
of factors affecting anadromous fish resources in the Y akima River and recommend processes
and procedures required to determine biologically based flows for increasing the abundance of
salmon and steelhead. Flow management of the Y akima River by the U.S. Bureau of
Reclamation, (USBR)Y akima Project would provide the primary mechanism through which
these recommendations would be enacted.

In determining the steps necessary to establish biologically based flows, SOAC interpretedits
responsibility under Title XII to include evaluating many aspects of riverine ecology and
consider flow management strategies which will potentially recover and maintain the aquatic
ecosystem, rathe than to evaluatereach-specific biological effects of the designated flowsin
Section (1).

WATER DEVELOPMENT, OTHER HUMAN INFLUENCES, and the SALMON
RESOURCE

The Y akima River system has been modified by a complex aray of reservoirs, diversion dams,
canals, and drains used to convey water. Humans have not only changed the “basic plumbing” of
the system, but have modified the timing, quantity, and quality of the flow in theriver and its
tributaries. In addition, flood control dikes and highway construction have reduced the extent of
the river’ s floodplain, disrupting connectivity to historically wetted areas and impacting
ecosystem produdivity. These changes, along with adverse conditions outside of the Y akima
River Basin, have reduced the historically abundant runs of salmon and steelhead to criticdly
low levels; the native anadromous sockeye, summer chinook, and coho salmon populations are
extinct.

APPROACH and PHILOSOPHY

Scientific literature indicates that maintenance of river ecosystem function and its key
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component, flow regime, is necessary for salmonid recovery. A key assumption is that natural,
unaltered flow regimes formed ecosystem conditions that favored abundant popul ations of
salmonids. Human- induced flow regime changes have altered the ecosystem and reduced
salmonid abundance. Thereis potential to improve salmonid production through altering the
flow regime in incremental steps away from the current baseline conditions.

SOAC proposes that the USBR immediately begin a process of carefully designed incremental
changes in flow regimes consistent with Title X11 based on test hypotheses regarding physical,
chemical, and biological responses of the river ecosystem. These carefully monitored actions
would become part of an adaptive process to guide management actions in a comprehensive
program to recover the aguatic ecosystem and the anadromous salmonid popul ations which
depend on it.

RECOMMENDATIONS

Recommendation 1: Review and Synthesize Exiting Y akima River Ecosystem Health —
Immediately review and synthesize all available data on flow management; water quality; land
use activities; and biological communities and their relationship to ecosystem integrity and
function. Information would be complementary to development of the other recommendations.

Recommendation 2: Develop an Historic Flow Template — Immediately develop a model of
estimated historic flow regime conditions. These conditions, when compared to current
conditions, would provide an assessment of changes tha have occurred and are essential to
Recommendations 3 and 4.

Recommendation 3: Development of aWatershed Hydrologic Model — Near real-time
assessments of water availability and use are needed to develop and modify flow management.
Completion of U.S. Geological Survey (USGS) and USBR Watershed and River Systems
Management Program (WARSMP) model for the Y akima River Basin is supported.

Recommendation 4: Implement a Normative Flow Regime — Within the various restraints
associated with river development, immediately initicte some level of modfied flowsto
incrementally move toward pre-devel opment hydrologic parameters.

Recommendation 5: Investigate Longtudinal, Laterd, and Vertical Connectivity — Aerid
reconnaissance and GIS technology should be utilized to map the present and historic floodplain
boundaries, and to assess elevations and channel morphometry to ascertain the extent of
functional floodplain loss with river flow stage. Flow dynamics would be identified and linked
to food web analysgsto better identify expectations and benefits of normative flows.
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Recommendation 6: Assess Status of Food Web — Establish study reaches to assess
distribution, abundance of zoobenthos species, and flow connectivity inconjunction with
estimates of primary and secondary production and assessments of inhabiting fish species which
may indicate potential problems and suggest corrective measures.

Recommendation 7: Develop a Stream Network Water Temperature Model — A thermal
assessment is needed to identify temperature constraints to correlate with habitat availability.

Recommendation 8: Evaluate Salmonid Habitat Conditions — Existing information on
spawning, incubation, and rearing microhabitat needs to be reassessed. Additional evaluations of
microhabitat availability should be undertaken using the more advanced habitat modeling
methodol ogies devdoped in recent years.

Recommendation 9: Develop a Salmon Pre-Smolt Production Model — Develop an application
of the SALMOD model (USGS/BRD) for the Y akima River Basin as one means to assess the
effects of regulated flow regimes on anadromous salmonid production and quantitatively
evaluate alternative water management practices.

Recommendation 10: Adaptive Environmental Assessment and Management — Initiate adaptive
management program as soon as interim flow regimes are implemented to link management
actions with monitoring and evaluation results, including smolt production and condition
assessment.



1.0 INTRODUCTION
1.1 PURPOSE STATEMENT

The YakimaRiver Basin (Y akima Basin), historically a major producer of anadromous
salmonids, isthe site of the Y akima Project, alarge irrigation project operated and managed by
the U.S. Bureau of Reclamation (USBR). This report reviews factors affecting the production of
salmon and steelhead in the Y akima River Basin and recommends processes and procedures to
determine a biologically based flow regime. The objective of developing and implementing
biologically based flows is to increase the survival and thereby, in the long-term, the production
of salmon and steelhead smolts. The System Operations Advisory Committee (SOAC) produced
this report for the United States Congress and the Secretary of the Interior to comply with the
task assigned by Congress in Section 1205 (a)(6)(B), Title XI1, Public Law 103-434 (Title XII).

1.2 LEGISLATIVE BACKGROUND

Title XI1 isthe most recent in a series of Congressional acts that affect water resourcesin the

Y akima River Basin. Following a series of years of below average runoff, Congress enacted
Public Law 96-162 in 1979, the Y akima River Basin Water Enhancement Project (Y RBWEP),
authorizing the USBR to conduct afeasibility study addressing water resource needs in the
Basin. The goalsof YRBWEP areto: (1) provide supplemental water to presently irrigated
lands; (2) provide water for new irrigation development on the Y akama Indian Reservation; (3)
provide water to increase streamflow to protect and enhance salmon and steelhead runs; and (4)
develop a comprehensive water management plan for the Basin.

The USBR initiated thefeasibility study in 1980. Implementation of the Y RBWEP began with
Phase | in 1984, when Congress authorized the construction of fish ladders and screens, pursuant
to the Northwest Power Planning and Conservation Act, Pubdic Law 96-501. The USBR,
Northwest Power Planning Council (NPPC), Bonneville Power Administration (BPA), the State
of Washington, the Y akama Indian Nation (YIN), irrigation entities, and others have worked
together to jointly fund and construct these facilities

Asfish ladders and screen facilities were being designed and constructed, alternaive ways to
improve the reliability of the Basin’s water supply for irrigation and instream flows were being
identified and evaluated. These studies led to passage of Title XII authorizing implementation of
Phase 2 of YRBWEP. Title XII includes the following purposes. (1) “to protect, mitigate, and
enhance fish and wildlife through improved water management; improved instream flows;
improved water quality; protection, creation and enhancement of wetlands; by other appropriate
means of habitat improvement; (2) to improve the reliability of water supply for irrigation.”
Further, Congress views Title XII as a*“Federal action to improve streamflow and fish passage
conditions and shall be considered part of a comprehensive program to restore the Y akima River
Basin anadromous fishery resources’ (Section 1203(d)(2)).
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A primary component of Title XIl isavoluntary Y akima River Basin Water Conservation
Program that provides financial incentives for Basin interests to plan and implement water
conservation measures. |mplementation of water conservation measures by irrigation entities
should improve system efficiencies and result in reduced water diversions. Two-thirds of the
conserved water will be dedicated to instream flow needs for fish and wildlife protection,
enhancement, and recovery, while the remaining water will be used to improve the reliability of
the water supply for irrigation. Water may also be acquired to enhance instream flows by
purchase or lease of land and/or water. A third component is the creation of additional storage
by raising the height of the radial gaesat Cle Elum Dam. Title X1I aso establishes new targets
for instream flows at two locations inthe lower Basin, and it provided for further increasesin
flows below Prossa Dam.

1.3 SOAC’s CHARGE UNDERTITLE XII

SOAC is an advisory board to the USBR condgsting of fishery biologists represanting the U.S.
Fish and Wildlife Service (FWS), the YIN, the Washington Department of Fish and Wildlife
(WDFW), and irrigation entities represented by the Y akima Basin Joint Board (YBJB). The
USBR provides a fishery biologist as aliaison to SOAC. Since 1981, SOAC has provided
information, advice, and assistance to the USBR on fish-related issues associated with the
operations of the Y akima Project, which are the responsibilities of the Project Field Office
Manager.

Title X1 specified target flows at Sunnyside and Prosser Diversion dams on the Y akima River
(Table 1). Thesetarget flow levels have been implemented as required by Section 1205(a)(1)(B).
The target flows are based on estimated water supply available for the remaining portion of the
irrigation season, rather than biological criteria Accordingly, SOAC hasinterpretedits
responsibility under Title X1I as arequest to evaluate what is necessary to have biologically
based flows, rather than to evaluate the specific bhiological effeds of the designed flowsin
Section 1205(1).
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Table 1. YakimaRiver target flows specified by Congressin Section 1205 (a)(1), Title X1,

Pub. L. 103-434.

Water Supply Estimate for Period (million acre-feet):

Target Flow From Date of Estimate
Thru October Downstream of
(cubic feet per second):

April thru May thru June thru July thru Sunnyside Prosser
September September September September Diversion Dam Diversion Dam
3.2 2.9 2.4 1.9 600 600
2.9 2.65 2.2 1.7 500 500
2.65 2.4 2.0 1.5 400 400
Less than line 3 water supply 300 300

The following sedions provide the conceptual framewvork needed to perform an evaludion; a
general summary of environmental and other features considered; areview of protocols and
methodol ogies; recommendations for a process to determine biologically based flows; and
necessary monitoring and research. Included are water management measures that can be
implemented immediately or in the near term without additional studies to facilitate the
objectives of Title X1l for anadromous salmonid recovery.

1.4 FRAMEWORK UNDERLYING BIOLOGICALLY BASED TARGET FLOW

REPORT

In order to evaluate the target flows specified by Congress and determine the steps necessary to
establish biologically based target flows for anadromous salmonids, SOAC will evaluate many
aspects of riverine ecology and consider flow management strategies which will potentidly
recover and maintain the aquatic ecosystem. From the headwaters to the mouth, ariver system
displays a continuous gradient of in-channel physical conditions such as width, depth, velocity,
flow, sediment load, and temperature which create habitat and influence the distribution and
abundance of aguatic organisms. The physical conditions of the river Basin are determined
largely by the local geology and climate (Vannote et al., 1980; Stanford et al., 1996). The
biological components of ariver basin interact with the physical conditions, forming the river

ecosystem.

Human activities influence the biologica components and the physical conditions (i.e. habitat) of
ariver basin, altering the river ecosystem. The biotic components are influenced directly by
activities such as habitat alteration, fisheries harvest, and introduction of exotic plant and animal
species. Habitas are altered by activities such as dam and |evee construction, water diversions,
encroachments by urban development and agricultural activities, and highway construction.
Activities that change the physical conditions frequently lead to unpredictable changesin riverine
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biotic communities (Ward and Stanford, 1995a). The physical condition of the Y akimaBasin
watershed and river channels has been significantly atered from the pre-devel opment conditions.
The fluvia processes which form and maintain aquatic habitats have been disrupted and severe
habitat degradation has occurred as the Basin has been transformed into a major population area
with an economy based on 500,000 acres of irrigated agriculture.

The key to recovering anadromous fish populations in the Y akima Basin is to re-establish lost or
altered ecosystem functions withinthe framework of the “normative ecosystem concept”
(Williams et al., 1996). A normative ecosystem may be described as an ecosystem that
biologically sustains all life stages of diverse salmonid populations. Further, “ The normative
ecosystem is not a static target or a single unique state of theriver. It isa continuum of
conditions from slightly better than thecurrent state of the river at one end of the continuum, to
nearly pristine at the other end” (Williams et a., 1996). By emphasizing the concepts and
analytical tools of contemporary river ecology, SOAC’s god isto recommend a process for
determining flows capable of re-establishing a sustainable, “normative” ecosystem. SOAC
believes that a normative river ecosystem will lead to increased survival rates for juvenilelife
stages and resultin increased smolt production and ultimately, harvestable returns of adult
anadromous salmonids.

SOAC recognizes that factors outside of the Y akima Basin, such as environmental conditions
and harvest levds in the mainstem Columbia River and the ocean, have alsoimpacted Y akima
Basin anadromous salmonid populations. Because these factors are beyond the jurisdiction and
scope of Title XII, changesin adult salmon and steelhead returns are not appropriate indices to
evaluate the effects that changesin Y akima Basin water management may have on anadromous
salmonid production. SOAC has determined that intra-basin indicators, including salmon and
steelhead early life stage survival and smolt production in addition to indices of habitat qudity
and quantity, arethe most suitable criteriafor evaluating the effects of flow management.

Title XII target flows do not providefor normative ecosystem function and cannot be expected to
fully achieve the objectives of enhancing and recovering anadromous fish populations. Water
supply-based mean monthly flows do not address the problem of unnatural, severe flow
fluctuations below both control points, which may negate the fish and invertebrate habitat
benefits of higher base flows. Additionaly, Title XII target flows at the two control points do
not address fish habitat and food web needs at the basin level, and thus, by themselves cannot be
expected to lead to recovery of anadromous fish runs. Adequate information on ecosystem
processes, and how these processes are affected by Y akima Project operations, is aurrently
available to identify those elements which should be evaluated to derive biologically based
instream flows. Therefore, SOAC’s recommendations, described in detail in Section 4.0 of this
report, define a process to more fully explore and eval uate the relationships between river flow
manipulations and the river ecosystem, allowing the USBR to manage Title XII flows for
maximum benefit to the ecosystem.
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SOAC recognizes that the time framefor implementing certain recommendations is necessarily
long-term, which is undesirable from the standpoint of timely implementation of measures that
may help prevent further decline of anadromous fish runs. Preliminary to the comprehensive
investigations recommended in this report, an interim biologically based flow regime could be
developed within the Title XI1 framework. Such aflow regime may prevent further decline of
Y akima Basin salmon and steelhead populations while long-term studies are conducted that will
lead to refinement (or replacement) of the interim flow regime. Therefore, SOAC a0
recommends actions that may be implemented immediately to improve the integrity of the
aguatic ecosystem.

SOAC strongly recommends that the USBR proceed with management changes to benefit
anadromous fish by incorporating the process of adaptive management (Holling, 1978). Tha is,
changes in water management practices should be implemented as scientific experiments, with a
description of hypotheses, test conditions, and clear experimental designs. Peer review and
adequate documentation is critical to this process. In order for adaptive management to succeed,
the documentation and results of such experiments must be clearly and openly described,
presented to water-managers, and incorporatedinto management decisions. The end result
should improve management responsesto environmental problems.
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2.0 BACKGROUND

Contemporary ecological theory recognizes the importance of considering not only the biology

of organisms, but also the biogeochemical processes that control the distribution and production
of biota, and human influences on those processes (Stanford et a., 1996). The following sections
summarize the general environmental features in the Basin and factors considered by SOAC in
developing this report.

2.1 GENERAL DESCRIPTION OF THE YAKIMA RIVER BASIN AND
RESOURCES

The YakimaRiver Basin islocated in south-central Washington and encompasses the majority of
Y akima and Kittitas Counties, the northern half of Benton County, and a small part of extreme
northern Klickitat County (Figure 1). The Basin contains adiversity of land forms, including the
high, glaciated peaks and deep valleys of the Cascade Mountains in the western portion of the
Basin, broad river valleysin the eastern and southern portions of the Basin, and a series of
southeast-trending anticlinal ridges. The Y akima Project includes approximately 500,000 acres
of irrigated agriculture within the Y akima River Basin (Figure 2). The YakimaRiver ismore
than 214 miles in length and has a drainage area of approximately 6,155 square miles. Theriver
begins at the outle of Keechelus Lake, elevation 2,517 feet, then flows in a southeasterly
direction through a series of valleys and ridges to its confluence with the Columbia River at an
elevation of 340 feet (Johnson, 1964). Figure 3 is aschematic diagram showing relative
positions of selected tributaries, diversion canals, return flows and stream-gaging stationsin the
Y akima River Basin.

The Y akima River Basin lies across two distinctly different geologic terrains made up of basaltic
lava flows and sediments interbedded with and overlying the basalts (Figure 4) (Kinnison and
Sceva, 1963). Bedrock in the mountainous areas north of Snoqualmie Pass (upper mainstem and
upper Cle Elum River drainages) is mostly intrusive volcanic rock afew tens of millions of years
old. The Teanaway River and lower Cle Elum River drainages contain a sequence of continental
sedimentary rocks including sandstone, shale, and coal seams, overlying older oceanic basement
rock. The Columbia River Basalt eruptions filled pre-existing topography and left a broad low
plateau. Subsequent uplift in the Cascades caused dissection of the major river valleys and
ranges and reduced precipitation in the Basin. Folding of the plateau created the numerous
southeast-trending anticlinal ridges and synclinal valleys of the eastern Y akima River Basin.
Deposits of volcanic debris shed from now-extinct Cascade vol canoes (the Ellensburg
Formation) partidly filled the valleys to thicknesses exceeding one thousand feet. The Yakima
River cut through the rising ridges creating the Y akima Canyon and the water gaps at Selah and
Union Gaps.

Precipitation varies from approximately 128 inches along the crest of the Cascade Mountains to
less than 8 inches in the eastern half of the Basin. Much of the precipitation falls as snow during
the fall, winter, and early spring. The snowpack provides much of the streamflow during the
course of the year. The major land-use activities in the Basin include timber production, grazing,
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irrigated agriculture, and urbanization. Y akima County is among the leading agricultural
counties in the United States (BOR, 1999).
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2.2 HISTORIC HYDROLOGIC SETTING

The geologic history described above produced features that regulate the hydrologic cycle and
aguatic ecosystem in the Y akima River Basin. Contemporary river ecology emphasizes the
importance of aluvial floodplain reaches. The Basin contains many extensive floodplain reaches
separated by relatively short canyon reaches which effectively subdividesit into several aluvial
subbasins. Within each, surface water downwells and recharges the shallow groundwater zone at
the upstream end; most of this water upwells to the surface again near the downstream end of the
reach. In other western river basins this pattern of downwelling and upwelling flow and the
associated interstitial flow through alluvium has been shown to drive most biological
productivity (Stanford, 1996, 1997). Kinnison and Sceva (1963) show the magjor gaining and
losing stream reaches in the Y akima River Basin.

In the Y akima River Basin, streamflow was historically moderated by natural storage processing
(Parker and Storey, 1916), particularly groundwater storage and storage in natural lakes,
including the large natural lakes that existed at the current sites of mgjor storage reservoirs, Cle
Elum, Kachess, Keechelus, and Bumping Lakes. These processes captured peak flows and
released water gradually, sustaining river flows through extended periods of little precipitation.
Pre-irrigation system maps show that historically, the channel system in the Basin was much
more complex with myriad side channels and dense riparian vegetation. Without the current
reservoirs capturing or regulating most of the winter and spring runoff, overbank flows were
much more frequent. Flood waters infiltrated into the floodplain alluvium and were naturally
released later (natural groundwater storage) sustaining summer flows and moderating water
temperatures (Parker and Story, 1916; Kinnison and Sceva, 1963).

Published information on the natural hydrograph of the Y akima River isfound in Parker and
Story (1916) and in historical streamflow records of the U.S. Geological Survey. Parker and
Story estimated that natural flow at Parker gage station followed a basic pattern of peak runoff
during April through June in the range 7,000-12,000 cfs. Flows receded throughout the summer
months with annual lows occurring in September and October. The lowest estimated mean-
monthly flow was approximately 800 cfs. Flows were higher at Parker in the late summer and
fluctuated less than with the current level of develgpment and reservoir operations.

“Magjor floods historically (and presently) occur during the winter (mid-November through
February), usually resulting from a*rain-on-snow” precipitation event coupled with arapid thaw.
With only one million acre-feet (1 MAF) of Y akima Project storage capacity and alarge
catchment basin producing a mean annual runoff in excess of 3.5 MAF, significant “channd-
forming” flood events still occur at relatively short intervals. Major floods provide sufficient
hydraulic energy to periodically reshape the river channel and associated riparian vegetation. A
25,000 cfs peak instantaneous flow at the Y akima Rive gaging station at Parker, currently hasa
recurrence interval of 10 years. A 58,000 cfs event in February 1996 had a 120-year recurrence
interval (Table 2). Table 2 also illustrates the effect of Y akima Project storage development on
natural flood events. The difference between the “estimated unregulated” pesk discharge (Q,)
and the observed discharge reflects the “flood-moderating” influence of the storagereservoirs.
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Early 20" century flood events, including the record event in 1933, show a smaller difference
between Q, and the observed peak discharge because of the incremental construction of the five
major storage reservoirs over a 25-year period (1910-1935).

10
11
12
13

14
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Table 2. YAKIMA RIVER BASIN FLOOD FLOWS

DATE
OF CREST

DEC. 23, 1933
FEB. 09, 1996
DEC. 30, 1917
MAY 29, 1948
NOV. 30, 1995
DEC. 13,1921
NOV. 26, 1990
NOV. 25, 1909
DEC. 02, 1977
DEC. 27, 1980
JAN. 16, 1974
DEC. 04, 1975
NOV. 24, 1959

JUNE 19, 1916

Note: all gage height stage-feet based upon presentsite datum

BASED UPON YAKIMA RIVER @ PARKER

Highest Known Floods Above 25,000 cfs

WATER
YEAR

1934
1996
1918
1948
1996
1922
1991
1910
1978
1981
1974
1976
1960

1916

Since 1908 in Order of Magnitude

GAGE HT.
STAGE-FT.

17.7)
16.21
16.8
15.0
14.61
14.7
14.50
14.6
13.97
13.44
13.3
13.3
13.2

12.7

REG. INST.

PEAK

DISCHG.

(CFS)
65,000
58,150
52,900
37,700
36,500
35,800
35,620%
35,000
34,320
31,675
27,700
27,600
27,400

24,800

* Based upon Provisional Data (Calculated)

! Based upon cumulative frequency curve, April 1986, Brown/Merkle

EVENT'
FREQ.
IN YRS.

150
110
85
30
25
25
25
25
25
20
10
10
10

10

INST.

(UNREG.)

CFS

92,700

76,300

56,400°

61,800

EVENT:
MEAN
DAILY UNREG.
QU(CFS)
81,662

85,298

60,683

80,777

64,460
65,955
42,351
56,713

48,440

* May not be same day as peak regulated discharge = peak PARW QD + SYS QU day before

3 Event primarily driven by upper Yakima Basin runoff



2.3 MODIFICATION OF THE HYDROLOGIC REGIME

By 1902, approximately 121,000 acres were under irrigation in the Y akima River Basin (BOR,
1999). In that year, Congress passed the Reclamation Act and the Reclamation Service was
created to develop water resources in the West. The citizens of Y akima County petitioned the
Secretary of thelnterior on 28 January 1903, requesting the development of irrigation fecilitiesin
the YakimaRiver Basin. Federal involvement in the management of the water resources in the
Basin began in 1905 with authorization to build various components of what is now the Y akima
Project.

Development of the Y akima Project included the construction of Bumping Dam (1910), Kachess
Dam (1912), Clear Creek Dam (1914), Keechelus Dam (1917), Tieton Dam (1925), and Cle
Elum Dam (1933) (BOR, 1981). The Y akima Project now consists of seven divisions. astorage
division comprising the six reservoirs with atotal capacity of approximately 1.07 million acre-
feet; and six water delivery divisions-Y akima-Tieton Irrigation District, Sunnyside Valley
Irrigation District, Wapato Irrigation Project, Kittitas Reclamation District, Roza lrrigation
District, and Kennewick Irrigation District. The Wapato Irrigation Project islocated on the

Y akama Indian Reservation and is operated by the Bureau of Indian Affairs.

Annual estimated unregulated runoff at the stream gauge located on the Y akima River near
Parker averages 3.5 million acre-feet. The average annual irrigation diversion requirements are
approximately 2.2 million acre-feet (BOR, 1999). Theother requirements for water in the Basin
include instream flows, municipal andindustrial uses, and hydropower generation. The Y &ima
Project now exists as a complex array of reservoirs, diversion dams, canals, and stream channels
that are utilized to store, divert, and convey water. Human influences on the river system have
not only changed the basic “ plumbing,” but have modified the timing and quantity of flow in the
Y akima River and its tributaries.

Reclamation operates the Y akima Project to provide irrigation water, instream flows, a measure
of flood control, and for other purposes. Typically, reservoirs are operated to store water from
the end of the irrigation season in October until releases for irrigation are required the following
spring or summer, the onset of “storage control.” During the storage control period, reservoirs
are drawn down to meet irrigation demands. Flood control operations are implemented as
required based on reservoir content, snowpack, and projected and actual runoff. Reservoir
releases may be made to maintain space in the reservoirs for expected runoff in the fdl, winter,
or spring, dependng upon the previously noted factors.

The USBR maintains a network of stream gauging stations throughout the Basin. Streamflow
data are brought into a computerized data management system, known as the Hydromet, which is
primarily used to support reservoir operations. These data have also been utilized in ahydrologic
model of the Basin developed and used during the Y RBWEP planning process. The model
allows calculation of estimated unregulated flows (Q,) at alimited number of gauging locations.
This flow data from the Y akima River at Easton, Naches River at Naches, and the Y akima River
near Parker were used to characterize the magnitude of changes in the flow regimedue to
regulation (Figure 5). Average daily flows for the period from 1986 through 1995 were used to
represent current operations of the system. Figure 5 demonstrates the relative magnitude of
changes that have occurred at the selected sites.
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The Y akima Project is also operated to provide some instream flows for the partial protection of
anadromous fish. Under Title XII, specific instream-flow levels are to be maintained below
Sunnyside and Prossar dams. From time to time, flows may be provided to assist the out-
migration of juvenile salmon and steelhead during the spring and summer.

Pursuant to a 1980 decision of Federa District Court for the Eastern District of Washington
(KRD v. SVID, Civil No. 21), the Y akima Project is operated to protect incubating spring
chinook eggs and aevinsin the upper Y akima River Basin. This operation has become known
as“flip-flop,” and isimplemented as follows: Through early September, most irrigation water
requirements are met from reservoirs on the Y akimaarm (K eechelus, Kachess, and Cle Elum)
with minimal releases from Naches arm reservoirs (Rimrock and Bumping). On or near
September 10", major releases are transferred from the reservoirs on the Y akima arm to the
reservoirs on theNaches arm.

The purpose of this flow manipulation is to reduce the potential impact of incubation flows on
the irrigation water supply while protecting incubating spring chinook eggs and alevinsin the
upper river between Easton and the confluence of the Teanaway Rive (river mile 2035 to
176.1). That is, lower spawning flows force spring chinook to construct their redds (nests) lower
in the river channel, thereby requiring lower incubation flows. Because the Keechelusto Easton
reach normally receives significant natural inflow, the need for winter augmentation of
incubation flowsisminimal. The reddslocated in the Cle Elum River downstream of Cle Elum
Dam receive minimal natural inflow and require significant reservoir releases. Spawning and
incubation flows are recommended by SOAC and others, with the final decision being the
responsibility of the Y akima Field Office Manager.

A comparison of the effects of regulation on the variability of hourly flows was performed
(Figure 6). Measured flow data was used because of the uncertainty associated with the
calculated unregulated flow (Q,). Two siteslocated in the upper Basin, the Little Naches River
and the Teanaway River were chosen to characterize the unregulated patterns. Thereislittle or
no development or water diversions upstream from these sites. The Y akima River near Parker
was used to characterize aregulated site because of its position in the Basin and location
immediately downstream from two mgjor diversions. Hourly flows for the period from 15 June
through 31 July 1996, were used for this comparison. Flow variability was examined becauseit
has been demonstrated that the excessive, cyclic de-watering and re-watering of shdlow or slack
water habitats onweekly, hourly, or even daily schedules can result in dramatic redudionsin
biotic productivity (Perry, Perry, and Stanford, 1986; Reckendorfer et al., 1996; Schiemer et al.,
1991; Travnichek et al., 1995; Weisberg et al., 1990). Stable shallow or slack water habitats are
especially important to the survival of early life history stages of fish that cannot survivein the
strong currents of the main channel (Stanford et a., 1996). Stability of these habitats allows the
food webs that these early life history stages depend upon to develop in areas where the fish can
maintain a positive energy balance.

A diurnal variation in flow is expressed in both the Little Naches River and the Teanaway River.
However, the percent change in flow from one hour to the next rarely exceeds three percent
(Figure 7). In contrast, the Y akima River at Parker data displays a very different pattern.
Although a general decrease in flows occurs early in the period, wide variations occur throughout
(Figure 6). Two-fold reduction and increases in flow often occur over periods as short as one
day. This patternof greater discharge (water-level) fluctuations in the lower mainstem relative to
the upper tributaries is opposite the normal pattern in unregulated rivers where mainstem water-
level fluctuations are dampened by nonsynchronous contributions from larger channel capacity
and the effect of floodplain storage.

2-11



Little Naches River

6/20

e 24 720

0 + + 1 +—+ +- + +—r—+ +
B6/15 B/20 6/25 /30 7I5 Date 79 714 718 Ti24 729
Yakima River at Parker
2,500
2,000 -

ft'lsec

Figure 6.

619

815

710

7114 718 723
Date

an

Hourly flows at three locations in the Yakima River basin, 15 June to 31

July 1996.

212



Little Naches River

1000 854, et

Frequency

300 L

100 |
0 0 7 i 0 2 12 4 2

[i] + + e D e
<=5% 4% -3% -2% -1% 0% 1% 2% 3% 4% =5%

Percent change from previous hour flow

Teanaway River

Frequency

<-5% 4% -3% -2% 1% 0% 1% 2% 3% 4% > 5%
Percent change from previous hour flow

Yakima River at Parker

g8

316

5% 4% % 2% A% 0% 1% 2% 3% a% 5%
Percent change from previous hour flow

Figure 7. Frequency distribution of percent change in hourly flows at three locations
in the Yakima River basin, 15 June to 31 July 1996.



In addition to the longitudinal changes referred to above, the other significant change that has
occurred in the system relates to lateral connectivity between the channel and floodplain. Flood-
control dikes and levees and highway construction have disrupted the laeral connectivity
between wetted areas that occurred historically. This deprivation of lateral connectivity has
resulted in loss of habitat, reduced vertical connectivity, loss of or changes in nutrient flux, and
reduction in the tempering affect of groundwater on stream temperature. These changes can
exert asignificant influence on stream productivity.

The cumulative effect of al development activities has been the significant impairment of the
aguatic ecosystem. Salmon spawning and rearing areas have been blocked and removed from
production. Water quality has been impaired throughout the Basin, particularly in the lower

Y akimaRiver. The hydrograph of the Y akima River and most of its tributaries has been atered,
with unnaturally low flows occurring during certain times of the year, while unnaturally high
flows are occurring in other times of the year.

24 WATER QUALITY

Water quality in most headwater areas is high, but due to human activities water quality degrades
asthe river flows downstream to the mouth. Human activities have created point and non-point
sources of contaminants which affect water quality and have negatively impacted thebiotic
community. More than 70 percent of the irrigated land, 90 percent of the point source and non-
point source nutrient loads, and more than 80 percent of the human population are located in the
middle and lower Basin areas downstream from the Kittitas Valley. Significant change generally
occurs beginning downstream from Wilson Creek, which receives agricultural return flow from
the Kittitas Valley.

Certain reaches in both the upper and lower Y akima River do not comply with Washington State
Department of Ecology (WDOE) standards for temperature, fecal coliform, sediment, and
pesticide residue, and have been placed on the Section 303(d) list of the Clean Water Act.
Turbidity and phosphorus have also been detected at concentrations that may affect aquatic life.
Thereis afish consumption advisory for resident fish taken from the Y akima River from its
mouth to just above Y akima, and for some lower river tributaries, due to high DDT and DDE
levelsin resident fish tissue samples (Johnson, 1986). The National Water Quality Assessment
Program conducted a pilot study in 1990, which indicated that fish, benthic invertebrate, and
algal communitiesin the lower Y akima River and some tributaries were compromised, and
concluded the ecological health in these stream reaches was impaired (Cuffney et a., 1997).

Recently, State, Federal, and Tribd agencies, irrigation entities, andindividualsin the Y &ima
River Basin have initiated programs and projects to begin correcting someof the water qudity
problems. Water conservation projects implemented under the auspices of Title X1 are intended
to be a primary means of improving water quality. Some of theirrigation districts have
implemented water quality monitoring programs and polides with the goal of meeting State
water quality standards for irrigation return flows. Total Maximum Daily Load (TMDL)
standards for suspended sedimentsin the Y akima River are to be met within 5 years (WDOE,
1997).

Water temperature is awater quality constituent of concern. Water temperatureis an important
water quality parameter affecting the ability of the ecosystem to produce anadromous fish.
During summer and occasionally late spring, water temperatures in the lower Y akima River
become lethal for juvenile and adult anadromous salmonids (Vaccaro, 1986). Water
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temperatures in the Y akima River are influenced by many factors, including: air temperature,
flow volumes, tributary and irrigation return flow temperatures, riparian shading, surface and
groundwater interactions, and reservoir operations (Bartholow, 1989). The influence of Y akima
Basin water management with the interaction of natural processes on water temperature, habitat
conditions and the aquatic ecology of the Y akima Basin requires further study.

2.5 BIOLOGICAL: FISH COMMUNITY DESCRIPTION

The YakimaRiver Basin historically produced significant runs of four species of anadromous
salmon and trout: chinook, sockeye, coho, and steelhead (Northwest Power Planning Council,
1986). Currently, production and distribution are greatly reduced from historic levels.
Following is abrief description of each species historically produced in the Basin. The scientific
name of each speciesisgivenin Table 2.

2.5.1 Anadromous Salmonids

Anadromous salmonids spawn in freshwater and migrate to the ocean where they rear to
maturity. The freshwater portion of their life-cycle includes adult migration, adult holding,
spawning, egg and fry incubation, juvenile rearing, and juvenile migration to the ocean.
Depending on specific species and environmental conditions, the timing and duration of any life-
cycle phase may vary. In order for anadromous salmonids to successfully complete their life-
cycle, anumber of specific conditions must be present, including: (1) open and free access to the
ocean; (2) an adequate supply of high-quality water; (3) an adequate supply of appropriate food,;
(4) the presence of clean spawning gravel; and (5) adequate amount of high quality juvenile
rearing habitat.

Chinook salmon in the Columbia River aregenerally categorized into three separate runs

spring, summer, and fall, based on thetime of entry into freshwater fromthe Pacific Ocean. All
three runs historically existed in the Y akima River Basin, and production of chinook occurred
throughout the Basin, from small tributary streams to the lower mainstem. Summer chinook are
extinct in the Basin. Spring chinook currently spawn in the upper Y akima and Naches Rivers,
and certain tributary streams. Spring chinook adult returns have ranged from 9,300 to 645 for the
period 1986 to 1997. Fall chinook currently spawn in the lower Y akima River from Sunnyside
Dam to the mouth, and in Marion Drain. Returning adult fall chinook number in the 2,000-4,000
range.

Historically, stedhead were widdy distributed in the'Y akima River Basin, spawning in streams
of every size, from the mainstem Y akima River to small creeks with intermittent flow.
Currently, steelhead production is much reduced, and is concentrated in Satus and Toppenish
Creek in the lower Y akimaBasin. Scattered spawning occurs in the Naches River, in the upper
Y akima River and the Teanaway River. The number of returning adult steelhead has varied in
recent years from alow of 204 in 1980, to ahigh of 2,601in 1987. Steelheadin the Y akima
River Basin are included in the mid-Columbia ESU and are proposed for listing as Threatened
under the Endangered Species Act of 1973, with afina listing due in March 1999.

Native coho and anadromous sockeye are extinct in the Y akima River Basin. Adult coho
currently return to the Basin as aresult of hatchery smolt rel eases conducted pursuant to the
Columbia River Fish Management Plan. Scattered spawning has been documented in recent
yearsin severd lower Basin tributaries. Historicdly, sockeye were produced in several 1akes,
including Bumping, Kachess, Keechdus, and Cle Elum.

2-15



2.5.2 Resident Fish

Resident salmonids native to the Y akimaRiver Basin include kokanee, rainbow trout, bull trout,
cutthroat trout, and mountain whitefish. Rainbow trout are the resident form of steelhead, and
are widely distributed throughout the Basin. Kokanee are the resident form of sockeye salmon,
and significant populations exist in storage reservoirs, where they support important sport
fisheries, particularly in Rimrock Lake. The cutthroat trout presentin the YakimaRiver Basin
appear to be the westslope subspecies. Cutthroat trout populations are much reduced from
historic levels, and are generally restricted to upper tributary streams. Bull trout populations are
currently fragmented and much reduced from historic levels, and were listed as Threatened under
the Endangered Species Act of 1973, on June 10, 1998. Mountain whitefish are abundant
throughout the Basin. A number of other native, resident fishes occur in the Basin (Table 3),
including a variety of minnows, suckers, and sculpins.

A number of fish species have been introduced to theY akima River Basin (Table 3). These
fishes did not occur in the Northwest historically, but were brought here from other regions of
North Americafor avariety of reasons. Many of them are now common throughout the interior
Columbia River Basin. Patten et al., (1970) reported 10 introduced fish species had become
established in the Y akima River Basin, including two salmonid species, brook trout and brown
trout. In addition, eight warm water species were established: largemouth bass, smallmouth
bass, pumpkinseed, bluegill, black crappie, carp, black bullhead, and yellow perch. Subsequent
to Patten’ s survey in the 1950’s, four other introduced species have been documented: channel
catfish, mosquitofish, brown bullhead, and walleye. With the exception of carp, which are
present in the Y akima River from the mouth to near Ellensburg, the warm water introduced
fishes are generally restricted to the lower Y akima River downstream of Sunnyside Dam.
Several introduced species, especially smallmouth bass, pose a predation threat to anadromous
salmonids, and also compete with anadromous salmonids for food and habitat. Water
management and land-use activities may alter river habitats in ways that favor introduced fishes
over native fishes, compounding the effects of species introductions (Stanford et al., 1996).

SOAC recognizes that additional knowledge is necessary to determine the relation between
variability of flows, food web devd opment, and resultant salmon produdivity in the Y akima
River Basin. Therefore, additional investigation is described in Section 3 (Approach/Methods)
with specific recommendationsin Section 4.
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Table 3. List of fish speciesfound in the YakimaRiver. An asterisk (*) follows the common
name of fish species that have been introduced to the basin and did not occur historically.

Common Name
western brook lamprey
pacific lamprey
mountain whitefish
brown trout*
cutthroat trout
brook trout*

bull trout

coho

rainbow trout
steelhead

chinook

kokanee

carp*

chiselmouth
redside shiner
longnose dace
leopard dace
speckled dace
northern squawfish
peamouth

largescal e sucker
mountain sucker
bridgelip sucker
channel catfish*
brown bullhead*
black bullhead*
mosquitofish*
three-spine stickleback
largemouth bass*
smallmouth bass*
black crappie*
bluegill*
pumpkinseed*
walleye*

yellow perch*
piute sculpin
torrent sculpin
mottled sculpin
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Scientific Name
Lampetra richardsoni
Entosphenus tridentatus
Prosopium williamsoni
Salmo trutta

Salmo clarki

Salvelinus fontinallis
Salvelinus confluentus
Oncorhynchus kisutch
O. mykiss

O. mykiss

O. tshawytscha

O. nerka

Cyprinus carpio
Acrocheilus alutaceus
Richarsonius balteatus
Rhinichthys cataractae
R. falcatus

R. osculus
Ptychocheilus oregonensis
Mylocheilus caurinus
Catostomus macrocheilus
C. platyrhynchus

C. columbianus
Ictalurus punctatus

1. nebulosus

1. melas

Gambusia affinis
Gasterosteus aculeatus
Micropterus salmoides
M. dolomieui

Pomoxis nigromaculatus
Lepomis macrochirus

L. gibbosus
Stizostedion vitreum
Perca flavescens

Cottus beldingi

C. rhotheus

C. bairdi




3.0 APPROACH TO DETERMINE BIOLOGICALLY BASED FLOWS

A focus of the Title XII legislation was on the instream flow requirements for anadromous
salmonids in two reaches of the lower Y akima River, specified as target flows at the Sunnyside
and Prosser Diversion dams. To establish abiological basis for target flows, SOAC considers
this limited focus to be too restrictive both conceptually and spatially. The entire Y akima River
Basin provides important habitats for anadromous salmonid spawning and rearing. An approach
for evaluating flows necessary to recover and sustain anadromous salmonid populationsin the
Basin should incorporate much broader concepts and analyses. Such an approach would utilize
rigorous scientific methodol ogies and include not only saimonid habitat analyses but also
investigations relating to floodplain functionality, impects to the aquatic food web, and therole
which natural hydrologic variability playsin sustaining the aquatic ecosystem. A target flow
regime, established without considering the health of the entire river ecosystem, will likdy fail to
sustain increased production of anadromous salmonids. [Note: flow regime as referred to here,
and throughout theremainder of thisdocument, appliesto the mainstem Y akima River and its
tributaries]. A growing body of scientific literature supports this assertion (Stanford, 1997;
Dombeck et a., 1997; Kauffman et a., 1997; Coutant, 1997; Roper et a., 1997; Poff et a., 1997,
Stanford et al., 1996; Naiman et a., 1995; Stanford and Ward, 1992).

An important component of the river ecosystem is the flow regime (Vannote et al., 1980). An
underlying assumption is that the natural, unaltered (i.e., historic) flow regime produced the
ecosystem conditions necessary to sustain abundant anadromous salmonid popul ations, and that
human alterations of this flow regimeimpacted the ecosystem resulting in reductionsin these
populations. Thus, in ariver basin with extensive flow regulation such as the Y akima, managing
aspects of the flow regime to more dosely resemble natural conditionsmay recover some
ecosystem functions and offers thepotential to improvesalmonid production. The degree to
which the flow regime must change to effect an ecosystem response is unknown and SOAC
recognizes that flow management alone cannot fully recover the ecosystem. Land use pradices
and other activities within the watershed also impact aquatic ecosystem health. However, SOAC
believes the recovery process can begin by immediately implementing incremental changes that
shift the flow regime towards a “ normative condition,” define