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Compliance Monitoring

Delisting Criteria

Demand

Density-Independent
Survival

Terms and Definitions

Terms and Definitions

In the context of salmon recovery, abundance refers to the number
of adult fish returning to spawn.

A common measure of the volume of water in the river system. It
is the amount of water it takes to cover one acre (43,560 square
feet) to a depth of one foot.

The process of adjusting management actions and/or directions
based on new information.

Species that are hatched in freshwater, migrate to and mature in
salt water, and return to freshwater to spawn.

In the context of recovery planning, baseline monitoring is done
before implementation, in order to establish historical and/or
current conditions against which progress (or lack of progress) can
be measured.

This function predicts the number of progeny that will return to
spawn from a given number of parental spawners.

An area defined in terms of physical and habitat features, including
topography and ecological variations, where groups of organisms
have evolved in common.

Goals defined in the recovery planning process, generally

by local recovery planning groups, that go beyond the
requirements for delisting, to address, for example, other
legislative mandates or social, economic, and ecological values.

Refers to mortality that would have occurred for another reason.

Monitoring to determine whether a specific performance standard,
environmental standard, regulation, or law is met.

Criteria incorporated into ESA recovery plans that define both
biological viability (biological criteria) and alleviation of the
causes for decline (threats criteria based on the five listing factors
in ESA section 4[a][1]), and that, when met, would result in a
determination that a species is no longer threatened or endangered
and can be proposed for removal from the Federal list of
threatened and endangered species.

The amount of power being used at any given time. Demand in the
Northwest is seasonal; with the highest use in the winter for
heating and the lowest in the summer.

A change in survival that is not influenced by the number of fish in
the population. Generally speaking, most factors influencing
survival after the smolt stage are assumed to be density
independent. During the egg-to-smolt stage, the density of adults
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Distinct population
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Draft Limit

Drafting

Dredging

Effectiveness Monitoring

ESA Recovery Plan

Terms and Definitions

and juveniles can influence survival as a result of competition for
limited habitat or other factors. For evaluation of survival gaps,
estimates of survival changes resulting from actions affecting early
life stages of salmon and steelhead are made under the assumption
of low density.

As falling water hits the river surface, it drags in air as it
plunges. With increasing water pressure, the air dissolves

into the water and increases the levels of pre-existing dissolved
gases.

A listable entity under the ESA that meets tests of

discreteness and significance according to USFWS and NOAA
Fisheries policy. A population is considered distinct (and hence a
“species” for purposes of conservation under the ESA) if it is
discrete from and significant to the remainder of its species based
on factors such as physical, behavioral, or genetic characteristics, it
occupies an unusual or unique ecological setting, or its loss would
represent a significant gap in the species’ range.

Refers to taking water out of the river channel for municipal,
industrial, or agricultural use. Water is diverted by pumping
directly from the river or by filling canals.

All the genetic and phenotypic (life history, behavioral, and
morphological) variation within a population. Variations could
include anadromy vs. lifelong residence in freshwater, fecundity,
run timing, spawn timing, juvenile behavior, age at smolting, age
at maturity, egg size, developmental rate, ocean distribution
patterns, male and female spawning behavior, physiology,
molecular genetic characteristics, etc.

The lowest level to which a reservoir can be drawn down. The
limit is based on rule curves that are calculated on both historic and
current streamflow data.

The process of releasing water from storage in a reservoir.
Operators begin drafting reservoirs—through turbines or over the
spillway of a dam—to lower the level for a number of resasons,
including flood control or downstream flows for fish or power
generation.

The act of removing sediment from the river bottom to keep the
channel at the proper depth for navigation. The continual moving
and shifting of sediment makes dredging an ongoing activity.

Monitoring set up to test cause-and-effect hypotheses about
recovery actions: Did the management actions achieve their direct
effect or goal? For example, did fencing a riparian area to exclude
livestock result in recovery of riparian vegetation?

A plan to recover a species listed as threatened or endangered
under the U.S. Endangered Species Act (ESA). The ESA requires

XXVii May 5, 2008



NOAA Fisheries

Supplemental Comprehensive Analysis

Evolutionarily significant
unit (ESU)

Factors For Decline

Fall Chinook Salmon

Fish Guidance Efficiency

Fish Ladder

Fish Passage Efficiency
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Flood Control Rule Curve

Flood Control Storage
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Terms and Definitions

that recovery plans, to the extent practicable, incorporate (1)
objective, measurable criteria that, when met, would result in a
determination that the species is no longer threatened or
endangered; (2) site-specific management actions that may be
necessary to achieve the plan's goals; and (3) estimates of the time
required and costs to implement recovery actions.

A group of Pacific salmon or steelhead trout that is

(1) substantially reproductively isolated from other conspecific
units and (2) represents an important component of the
evolutionary legacy of the species.

Five general categories of causes for decline of a species, listed in
the Endangered Species Act section 4(a)(1)(b): (A) the present or
threatened destruction, modification, or curtailment of its habitat or
range; (B) overutilization for commercial, recreational, scientific,
or educational purposes; (C) disease or predation; (D) the
inadequacy of existing regulatory mechanisms; or (E) other natural
or manmade factors affecting its continued existence.

This salmon stock returns from the ocean in late summer and early
fall to head upriver to its spawning grounds, distinguishing it from
other stocks which migrate in different seasons.

Number of fish guided into the bypass system divided by total
number passing via the powerhouse (i.e., the combined total for
bypass system and turbine passage).

A series of stair-step pools that enables salmon to get past the
dams. Swimming from pool to pool, salmon work their way up the
ladder to the top where they continue upriver.

Number of fish passing the dam via non-turbine routes
divided by total number passing the dam by all routes.

A structural device that redirects water as it comes over the
spillway of a dam. Flip lips reduce deep plunging of water into the
pool below; keeping the water from becoming supersaturated with
nitrogen. Fish are naturally attracted to the rapidly moving water at
the base of the dam but can suffer from gas bubble disease when
the water is supersaturated with gas.

Streamflows in the Columbia River Basin can be managed to keep
water below damaging flood levels in most years. This level of
flood control is possible because storage reservoirs on the river can
capture and store heavy runoff as it occurs.

The curve is also called the upper rule curve. It establishes the
amount of storage space that must be maintained in a reservoir to
reduce damaging flood conditions downriver.

The space that is provided in a storage reservoir to allow
for the capture of runoff that could otherwise cause flood damage.
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Flow Augmentation

Freshet

Functionally Extirpated

Hyporheic Zone
Implementation

monitoring
Independent population

Indicator

Interim regional
Recovery plan

International Joint
Commission

Intrinsic Productivity
Kelts

Lambda

Water released from system storage at targeted times and places to
increase streamflows to benefit migrating salmon and steelhead

The heavy runoff that occurs in the river when streams are

at their peak flows with spring snowmelt. Before the dams were
built, these freshets moved spring juvenile salmon quickly
downriver

Describes a species that has been extirpated from an area; although
a few individuals may occasionally be found, they are not thought
to constitute a population.

Area of saturated sediment and gravel beneath and beside streams
and rivers where groundwater and surface water mix.

Monitoring to determine whether an activity was performed
and/or completed as planned.

Any collection of one or more local breeding units whose
population dynamics or extinction risk over a 100-year time period
is not substantially altered by exchanges of individuals with other
populations.

A variable used to forecast the value or change in the value of
another variable.

A recovery plan that is intended to lead to an ESA

recovery plan but that is not yet complete. These plans might
address only a portion of an ESU or lack other key components of
an ESA recovery plan.

Six-person Canada-U.S. board created by the 1909
Boundary Water Treaty to resolve disputes on waters shared by the
two nations.

The average of adjusted recruits per spawner estimates for only
those brood years with the lowest spawner abundance levels.

Steelhead that have spawned but may survive to spawn again,
unlike most other anadromous fish.

Also known as Population growth rate, or the rate at which the
number of fish in a population increases or decreases.

Large woody debris (LWD) A general term for wood naturally occurring or artificially

Legacy Effects

Terms and Definitions

placed in streams, including branches, stumps, logs, and logjams.
Streams with adequate LWD tend to have greater habitat diversity,
a natural meandering shape, and greater resistance to flooding.

Impacts from past activities (usually a land use) that continue to
affect a stream or watershed in the present day.
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Terms and Definitions

A levee is a raised embankment built to keep out flood

waters. Flood walls, such as the concrete seawall along the
Willamette River in downtown Portland, are barriers constructed to
hold out high water. The soil on river banks is protected from
erosion in a variety of ways. River grasses and trees are cultivated
in some areas, and fine mesh screens are laid on banks in other
areas to keep soil in place. Rip-rap is also used to protect against
fast moving streams or vigorous wave action.

Physical, biological, or chemical features (e.g., inadequate
spawning habitat, high water temperature, insufficient prey
resources) experienced by the fish at the population, intermediate
(e.q., stratum or major population grouping), or ESU levels that
result in reductions in viable salmonid population (VSP)
parameters (abundance, productivity, spatial structure, and
diversity). Key limiting factors are those with the greatest impacts
on a population’s ability to reach its desired status.

A plan developed by state, tribal, regional, or local

planning entities to address recovery of a species. These

plans are being developed by a number of entities throughout the
region to address ESA as well as state, tribal, and local mandates
and recovery needs.

The key to inland navigation on the Columbia-Snake River
Waterway, locks raise and lower ships between pools on the river,
i.e., from below a dam to the pool above it. On the trip from the
ocean to Lewiston, Idaho, vessels travel from sea level through
eight locks to an elevation of over 700 feet.

Large hydro-electric projects developed by Federal

agencies within the Pacific Northwest. Twenty-nine major dams
are in the Columbia River Basin. Two dams are in the Rogue River
Basin. A total of 31 dams comprise the Federal Power System.

A geographic area defined for recovery planning purposes on the
basis of state, tribal or local jurisdictional boundaries that
encompass all or a portion of the range of a listed species, ESU, or
DPS.

A group of salmonid populations that are geographically
and genetically cohesive. The MPG is a level of organization
between demographically independent populations and the ESU.

A measure of electrical power equal to one million watts.
Megawatts delivered over an hour are measured in megawatt-
hours.

The form and structure of an organism, with special emphasis on
external features.
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Multipurpose Facilities

Northern Pikeminnow
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Operating Requirements

Operating Year

Parr

Peak Flow

Phenotype

Piscivorous
Population bottlenecks

Productivity

Proposed Action
Prospective Actions

Terms and Definitions

The Columbia River and the reservoir system are used for
many purposes or uses. Projects that were authorized to serve a
variety of purposes are referred to as “multipurpose.”

A giant member of the minnow family, the Northern Pikeminnow
(formerly known as Squawfish) is native to the Columbia River
and its tributaries. Studies show a Northern Pikeminnow can eat up
to 15 young salmon a day.

This is the point at which a population has become too small

to reliably reproduce itself, even though there may be a few fish
remaining. Since there is debate about the exact population level at
which this condition occurs, several possible levels (50, 30, 10, 1) are
considered. Results from short-term quasi-extinction probability
modeling are used to help assess near-term (24-year) extinction risk.

These are the limits within which a reservoir or dam must
be operated. Some requirements are established by Congress when
a project is authorized; others evolve with operating experience.

Detailed operations planned over a 12-month period. The operating
year begins on August 1 and ends on July 31.

The stage in anadromous salmonid development between
absorption of the yolk sac and transformation to smolt before
migration seaward.

The maximum rate of flow occurring during a specified time
period at a particular location on a stream or river.

The external appearance of an organism resulting from the
interaction of its genetic makeup and the environment.

Describes fish that prey on other fish for food.

The most significant limiting factors currently impeding a
population from reaching its desired status. Bottlenecks result in
the greatest relative reductions in abundance, productivity, spatial
distribution, or diversity and are defined by considering viability
impairment across limiting life stages and limiting factors.

A measure of a population’s ability to sustain itself or its ability to
rebound from low numbers. The terms “population growth rate”
and “population productivity” are interchangeable when referring
to measures of population production over an entire life cycle. Can
be expressed as the number of recruits (adults) per spawner or the
number of smolts per spawner.

A proposed action or set of actions

Actions from both the FCRPS Biological Assessment and Upper
Snake Biological Assessment, August 2007
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Reasonable and Prudent
Alternative (RPA)

Recovery domain

Recovery goals

Recommended alternative actions identified during formal
consultation that can be implemented in a manner consistent with

the purposes of the action, that can be implemented consistent with
the scope of the Federal agency’s legal authority and jurisdiction,
that are economically and technologically feasible, and that the
Service believes would avoid the likelihood of jeopardizing the
continued existence of the listed species or the destruction or
adverse modification of designated critical habitat.

An administrative unit for recovery planning defined by

NOAA Fisheries based on ESU boundaries, ecosystem boundaries,
and existing local planning processes. Recovery domains may
contain one or more listed ESUs.

Goals incorporated into a locally developed recovery plan. These
goals may go beyond the requirements of ESA de-listing by
including other legislative mandates or social values.

Recovery plan supplement A NOAA Fisheries supplement to a locally developed recovery

Recovery scenarios

Recovery strategy

Recruits per spawner

Redd

Reservoir Drawdown

Resident Fish

Riparian area

River Reach

Terms and Definitions

plan that describes how the plan addresses ESA requirements for
recovery plans. The supplement also proposes ESA de-listing
criteria for the ESUs addressed by the plan, since a determination
of these criteria is a NOAA Fisheries’ decision.

Scenarios that describe a target status for each population within an
ESU, generally consistent with TRT recommendations for ESU
viability.

A statement that identifies the assumptions and logic—the
rationale—for the species’ recovery program.

Generally, a population would be deemed to be “trending toward
recovery” if average population growth rates (or productivities) are
expected to be greater than 1.0.

A nest constructed by female salmonids in streambed gravels
where eggs are deposited and fertilization occurs.

The water levels in a reservoir can be lowered, or drawn down, by
releases from the dam. These drawdowns have the effect of
speeding up the water through a reservoir by decreasing its cross-
sectional area.

Fish that are permanent inhabitants of a water body. Resident fish
include trout, bass, and perch.

Area with distinctive soils and vegetation between a stream or
other body of water and the adjacent upland. It includes wetlands
and those portions of floodplains and valley bottoms that support
riparian vegetation.

A general term used to refer to lengths along the river from one
point to another, as in the reach from the John Day Dam to the
McNary Dam.
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Smolt

Snowpack

Sound

Spatial structure

Spill
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Stakeholders
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group
Streamflow

Streamflow Records

Technical Recovery
Team (TRT)

Temperature Control

Terms and Definitions

Water levels, represented graphically as curves, that guide
reservoir operations.

Precipitation, snowmelt, or irrigation water that
runs off the land into streams or other surface water.

Fish of the family Salmonidae, including salmon, trout, chars,
grayling, and whitefish. In general usage, the term usually refers to
salmon, trout, and chars.

A juvenile salmon or steelhead migrating to the ocean and
undergoing physiological changes to adapt from freshwater to a
saltwater environment.

The accumulation of snow in the mountains that
occurs during the late fall and winter.

In order to pass via the spillway of a dam, smolts must dive to
locate spillway entrances.

The geographic distribution of a population or the populations in
an ESU.

Water released from a dam over the spillway instead of being
directed through the turbines.

The proportion of fish passing the spillway divided by
the proportion of water spilled.

The total number of fish passing the spillway divided by the total
number passing the dam.

Agencies, groups, or private citizens with an interest in recovery
planning, or who will be affected by recovery planning and actions

An aggregate of independent populations within an ESU
that share similar genetic and spatial characteristics.

Streamflow refers to the rate and volume of water flowing in
various sections of the river. Streamflow records are compiled
from measurements taken at particular points on the river, such as
The Dalles, Oregon.

For over 100 years, water resource managers in the

Northwest have maintained records on the seasonal volume and
rate of flow in the Columbia River. These historical records are of
profound importance to planning system operations each year.

Teams convened by NOAA Fisheries to develop technical
products related to recovery planning. TRTs are complemented by
planning forums unique to specific states, tribes, or regions, which
use TRT and other technical products to identify recovery actions.
See SCA Section 7.3 for a discussion of how TRT information is
considered in these Biological Opinions.

By drawing water from different elevations within a reservoir,
water temperature can be regulated. This temperature regulation
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VSP Parameters

Terms and Definitions

results in the ability to control the water temperature released from
the reservoirs, and the subsequent water temperature downstream.

Human activities or natural events (e.g., road building, floodplain
development, fish harvest, hatchery influences, volcanoes) that
cause or contribute to limiting factors. Threats may exist in the
present or be likely to occur in the future.

The network of high-voltage transmission lines serving
the region, carrying power from generating plant to cities.

An enclosed rotary type of prime mover that drives an electric
generator to produce power.

Criteria defined by NOAA Fisheries-appointed Technical
Recovery Teams based on the biological parameters of abundance,
productivity, spatial structure, and diversity, which describe a
viable salmonid population (VSP) (an independent population with
a negligible risk of extinction over a 100-year time frame) and
which describe a general framework for how many and which
populations within an ESU should be at a particular status for the
ESU to have an acceptably low risk of extinction. See SCA Section
7.3 for a discussion of how TRT information is considered in these
Biological Opinions.

An independent population of Pacific salmon or steelhead

trout that has a negligible risk of extinction over a 100-year time
frame. Viability at the independent population scale is evaluated
based on the parameters of abundance, productivity, spatial
structure, and diversity.

Abundance, productivity, spatial structure, and diversity. These
describe characteristics of salmonid populations that are useful in
evaluating population viability. See NOAA Technical
Memorandum NMFS-NWFSC-42, “Viable salmonid populations
and the recovery of evolutionarily significant units,” McElhany et
al., June 2000.
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Acronyms and Abbreviations

Action Agencies U.S. Bureau of Reclamation, U.S. Army Corps of Engineers, and
the Bonneville Power Administration

AFF anadromous fish evaluation program

amsl| above mean sea level

B.C. British Columbia

BIA Bureau of Indian Affairs

BiOp Biological Opinion

BLM Bureau of Land Management

BMPs Best Management Practices

BON Bonneville Dam

BPA Bonneville Power Administration

BRT Biological Review Team (NOAA Fisheries)

BY brood years

CBFWA Columbia Basin Fish and Wildlife Authority

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

CFR Code of Federal Regulations

cfs cubic feet per second

CHARTSs critical habitat analytical review teams

Cl confidence interval

Comanagers States and Tribes of the Columbia River Basin

COMPASS Comprehensive Fish Passage

Corps U.S. Army Corps of Engineers

CR Columbia River

CRB Columbia River Basin

CREP Conservation Reserve Enhancement Program

CRFMP Columbia River Fishery Management Plan

CTUIR Confederated Tribes of the Umatilla Indian Reservation

CTWSRO Confederated Tribes of the Warm Springs Reservation of Oregon

CTWS Confederated Tribes of the Warm Springs

CWA Clean Water Act

CWMS Corps Water Management System (database)

CWT coded-wire tag

D differential delayed survival of transported fish
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DART Data Access in Real Time (University of Washington Program)
DDT dichlorodiphenyltrichloroethane

DIP demographically independent population
DNR see WA DNR

DPS Distinct Population Segment

EDT ecosystem diagnosis and treatment

EEZ Exclusive Economic Zone

EF east fork

EFH essential fish habitat

EIP Ecological Improvement Potential

EIS environmental impact statement

ENSO El Nifio Southern Oscillation

ESA Endangered Species Act

ESBS extended-length submersible bar screen
EST Columbia River estuary

ESU evolutionary significant unit

FCRPS Federal Columbia River Power System
FFDRWG Fish Facility Design Review Work Group
FEIS Final Environmental Impact Statement
FERC Federal Energy Regulatory Commission
FHWA Federal Highway Administration

FGE fish guidance efficiency

FMEP Fisheries Management and Evaluation Plan
FPE fish passage efficiency

FPOM Fish Passage Operations and Maintenance Coordination Team
FR Federal Regulation

FRN Federal Regulation Notice

FS Forest Service

GBT gas bubble trauma

GDU genetic diversity unit

H High

HCD Habitat Conservation Diversion

HCP Habitat Conservation Plan

HCY Hell’s Canyon

HGMP hatchery and genetic management plan
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HIP

HOF
HSRG
HUC
HYDROSIM
[-205

I-5
ICB-TRT
ICTRT
IDFG

IDL

IHR

IPER

ISAB

ISRP

ISS

JDA

kcfs

km?
ksfd

L
LCFRB
LCR
LGO
LGR
L-M
LMN
LSRCP
LWD
MAF
MaSA
MCN
MCR
MFJD
MHHW

Habitat Improvement Program
hatchery-origin fish

Hatchery Scientific Review Group
Hydrological Unit Code

Hydro Simulation Program

Interstate Highway 205

Interstate Highway 5

Interior Columbia Basin Technical Recovery Team
Interior Columbia Basin Technical Recovery Team
Idaho Department of Fish and Game
Idaho Department of Lands

Ice Harbor Dam

Implementation Plan Evaluation Report
Independent Scientific Advisory Board
Independent Scientific Review Panel
Idaho Supplementation Studies

John Day Dam

thousand cubic feet per second

square kilometers

Thousand cubic feet per second days
Low

Lower Columbia Fish Recovery Board of the NWPCC
Lower Columbia River

Little Goose Dam

Lower Granite Dam

Low to Medium

Lower Monumental Dam

Lower Snake River Compensation Plan
large woody debris

million acre-feet

major spawning areas

McNary Dam

Mid-Columbia River

Middle Fork John Day

mean higher high water level
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mi/mi? miles per square mile

MIP minimum irrigation pool

MiSA minor spawning areas

MMPA Marine Mammal Protection Act

MOP minimum operating pool

MPG major population group

MSA Magnuson-Stevens Fishery Conservation and Management Act

NF north fork

NFH National Fish Hatcheries

NFJDR North Fork John Day River

ng/g nanograms per gram

NMFS National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration

NOF natural-origin fish

NPMP Northern Pikeminnow Management Program

NRC National Research Council

NWF National Wildlife Federation

NWPCC Northwest Power and Conservation Council

NWPPC Northwest Power Planning Council

ODEQ Oregon Department of Environmental Quality

ODFW Oregon Department of Fish and Wildlife

OWRD Oregon Water Resources Department

PA Proposed Action

PAH polyaromatic hydrocarbons

PCBs polychlorinated biphenyls

PCE primary constituent element

PCSRF Pacific Coast Salmon Recovery Fund

PCTS Public Consultation Tracking System (database)

PDO Pacific Decadal Oscillation

PECE “Policy for Evaluation of Conservation Efforts When Making
Listing Decisions”

PFMC Pacific Fishery Management Council

PGE Portland General Electric
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PIT passive integrated transponder

POD point of diversion

ppt Parts per thousand

PUD Public Utility District

QET quasi-extinction threshold

R/S returns-per-spawner

RFT reproductive failure threshold

RHCA riparian habitat conservation area
Rkm river kilometer

RM river mile

RM&E Research, Monitoring, and Evaluation
ROD Record of Decision

RPA Reasonable and Prudent Alternative
RPMs reasonable and prudent measures

R/S recruits per spawner

RSW removable spillway weir

SAR smolt-to-adult return rate

SASSI Salmon and Steelhead Stock Inventory
SbyC separated-by-code

SCA Supplemental Comprehensive Analysis
SCT System Configuration Team

SEF East Fork Salmon River

SF south fork

SFJD South Fork John Day

SIMPAS simulated passage (model)

SR Snake River

SRPAH Pahsimeroi River

SRS sediment retention structure

SRUMA Salmon River-Upper Mainstem
SRWG Studies Review Workgroup

SRYFS Salmon River-Yankee Fork

STS submersible traveling screen

SWHA shallow water habitat area

SWCD Soil and Water Conservation District
SYSTDG System Total Dissolved Gas (TDG) Model
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T&C
TDA
TDG
TERP
TMDL
T™T
TRT
TSW
UCM
UCR
ucuT
UNF
UPA
URC
USBR
USDA
USFS
USFWS
USGS
USRC
USRITAT
UWR
VARQ
VH

VL

VSP
W/LC TRT
WA DNR
WCS BRT
WDF
WDFW
WF
WNFH
WQT
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terms and conditions

The Dalles Dam

total dissolved gas

Tower Ecosystem Restoration Projects

total maximum daily load

Technical Management Team

Technical Recovery Team

temporary spillway weir

Unit Characteristic Method

Upper Columbia River

Upper Columbia United Tribes

Umatilla National Forest

Updated Proposed Action

upper rule curve

U.S. Bureau of Reclamation

U.S. Department of Agriculture

U.S. Forest Service

U.S. Fish and Wildlife Service

U.S. Geological Survey

Upper Salmon River at Challis Project
Upper Salmon River Interagency Technical Advisory Team
Upper Willamette River

variable (VAR) outflow (Q)

Very High

Very Low

viable salmonid population
Willamette/Lower Columbia TRT
Washington Department of Natural Resources
West Coast Salmon Biological Review Team
Washington Department of Fisheries
Washington Department of Fish and Wildlife
west fork

Winthrop National Fish Hatchery

Water Quality Team
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WRIA water resource inventory area
YN Yakima Nation
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Chapter 1
Supplemental Comprehensive Analysis -
Purpose & Use

NOAA Fisheries is conducting multiple ESA consultations for several Federal actions that are
occurring simultaneously affecting the same listed species of Columbia River Salmon and Steelhead.
The actions are listed in Chapter 2, Prospective Actions; they concern the operation of the Federal
Columbia River Power System (FCRPS), various Bureau of Reclamation irrigation storage projects
and certain fisheries in the Columbia and Snake River Basins. Litigation concerning consultations for
these activities creates a situation that justifies simultaneous ESA conclusions about the effects of
these projects.

NOAA Fisheries issued its previous Biological Opinion for the FCRPS and associated Reclamation
irrigation projects on November 30, 2004. In NWF v. NMFS, CV01-640-RE, Judge James A.
Redden, Federal District Court of Oregon, invalidated this Opinion by his decision of May 26, 2005.
NOAA Fisheries issued its previous biological opinion for Reclamation’s Upper Snake River projects
on March 31, 2005. In American Rivers v. NOAA Fisheries, CV-04-0061-RE, Judge Redden also
invalidated NOAA Fisheries’ Biological Opinion for the Upper Snake projects on May 23, 2006. The
Court remanded both Biological Opinions to NOAA Fisheries and the FCRPS Action Agencies to
comply with the ESA, as interpreted by the Court. Although these are separate ESA consultations and
court cases, they are on the same court-ordered schedule for completion.

NOAA Fisheries is also one of the federal agencies involved in the Indian treaty fishing rights case of
United States v. Oregon, CV68-513-KI (D. Oregon). Columbia River treaty and non-treaty fisheries
have most recently occurred pursuant to a settlement agreement approved by the U.S. v. Oregon court
in 2005. That agreement will expire in May, 2008. The parties to US v. Oregon have negotiated a
new ten year agreement which they must submit to the court for approval. The court requires that
NOAA Fisheries first issue a biological opinion detailing whether the effects of this agreement on the
same listed salmon and steelhead species that are affected by the FCRPS and various USBR projects
are consistent with the ESA standards of Section 7(a)(2). The parties to U.S. v. Oregon are all also
participants in the litigation and remand for the FCRPS. Several are also participants in the litigation
and remand for the USBR Upper Snake projects. The fishing activities of the U.S. v. Oregon
agreement have been integrated by the parties into the actions considered for the FCRPS and USBR
projects.

The FCRPS Action Agencies and Reclamation for its Upper Snake projects founded their two
biological assessments for their actions on a common comprehensive analysis entitled Comprehensive
Analysis of the Federal Columbia River Power System and Mainstem Effects of Upper Snake and
Other Tributary Actions (Corps et al. 2007a). NOAA Fisheries received these biological assessments
and the supporting Comprehensive Analysis (CA) on August 29, 2007. NOAA Fisheries’
development of biological opinions for these actions began with consideration of the FCRPS Action
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Agencies’ Comprehensive Analysis. NOAA Fisheries has prepared this Supplemental Comprehensive
Analysis to capture the best available data and analysis contemporaneous with its issuance of these
biological opinions.

NOAA Fisheries’ Supplemental Comprehensive Analysis builds on the FCRPS Action Agencies’
Comprehensive Analysis, incorporating by reference the information relevant to NOAA Fisheries’
analysis. NOAA Fisheries augments or substitutes that information with additional or alternative data
and analysis about the effects of these actions on the listed species. Where there are explicit or implicit
differences between NOAA Fisheries’ SCA and the FCRPS Action Agencies’ Comprehensive
Analysis, NOAA Fisheries determines that the information in the SCA represents the best science and
data available. Further, NOAA Fisheries has integrated its consideration of the activities called for by
the U.S. v. Oregon settlement agreement into this SCA, considering those activities to be part of the
Prospective Actions for that analysis.

The SCA is a reference document. The Biological Opinion for the FCRPS and Reclamation Projects,
the Biological Opinion for Reclamation’s Upper Snake Projects and the Biological Opinion for the
2008-2017 U.S. v. Oregon Management Agreement are decision documents. NOAA Fisheries’
ultimate determinations about jeopardy and destruction or adverse modification of critical habitat,
pursuant to ESA § 7(a)(2), are found in the biological opinions. Incidental take statements for these
actions, pursuant to ESA § 7(b)(4), are also in the respective biological opinions. NOAA Fisheries’
consideration and evaluation of the relevant data and analysis on which these decisions are based, are
found in the SCA. The biological opinions each explicitly incorporate information from the SCA
necessary to support their respective determinations. In this way, the multiple biological opinions are
tiered off of the common SCA.

At the same time, to ensure the relevance of its information, the SCA is based on the actions as
detailed in their originating documents. The SCA incorporates for its analysis the Reasonable and
Prudent Alternative (RPA) as described in the biological opinion for the FCRPS and associated
Reclamation projects. Also, the SCA looks to the FCRPS Biological Opinion for the description of
NOAA Fisheries’ issuance of a research and enhancement permit, pursuant to ESA 8§ 10(a)(1)(A), for
the Corps’ Juvenile Transport Program. Similarly, the SCA incorporates for its analysis the Proposed
Action for Reclamation’s Upper Snake Projects, from the Reclamation’s biological assessment for
those projects. Finally, the SCA looks to the 2008-2017 U.S. v. Oregon Management Agreement
Biological Opinion for a full description of those activities for consultation. In this way the SCA is
contemporaneous with NOAA Fisheries’ Biological opinions for all of these actions.
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Chapter 2
Prospective Actions

The following Federal actions are aggregated in this Supplemental Comprehensive Analysis and
are referenced hereinafter as the Prospective Actions:

= QOperation and configuration of the FCRPS as described in the 2007 FCRPS Biological
Assessment (Corps et al. 2007b) and the mainstem effects of 11 Reclamation irrigation projects
(Corps et al. 2007b, Appendix B-1-7), as modified by;

- NOAA Fisheries’ RPA for the FCRPS (described in Chapter 4 of the FCRPS Biological
Opinion (NMFS 2008a),

= NOAA Fisheries’ § 10(a)(1)(A) Transportation Permit (described in Chapter 2 of the FCRPS
Biological Opinion [NMFS 2008a]), and

= Reclamation’s Upper Snake proposed action (described in Reclamation’s 2007 Upper Snake
Biological Assessment [USBR 2007]).

= NOAA Fisheries’ participation in the 2008-2017 United States v. Oregon Management
Agreement (hereafter, “2008 U.S. v. Oregon Agreement”) concerning particular Columbia River
fisheries related activities as described in Chapter 2 of NOAA Fisheries’ Biological Opinion for
that Agreement
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Chapter 3
Comprehensive Action Area

The action area for this Comprehensive Analysis is the composite of the relevant action areas
described in Chapters 4 of the FCRPS and USBR Upper Snake Biological Opinions and in Chapter 3
of the 2008-2017 United States v. Oregon Agreement Biological Opinion.
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Chapter 4

Species & Critical Habitat Affected

4.1 Species Affected by the Prospective Actions

The following 13 species (and for 12, their designated critical habitat) are the subject of the FCRPS
and Upper Snake consultations on remand.

Chinook Salmon (Oncorhynchus tshawytscha)

ESU

Snake River (SR)

spring/summer Chinook

salmon

Snake River (SR) fall
Chinook salmon

Upper Columbia River
(UCR) spring Chinook
salmon

Upper Willamette River
(UWR) Chinook salmon

Lower Columbia River
(LCR) Chinook salmon

ESA Listing Status

Listed as threatened on June 28,
2005 [NMFS 2005a]

Listed as threatened on June 28,
2005 [NMFS 2005a]

Listed as endangered on June
28, 2005 [NMFS 2005a]

Listed as threatened on June 28,
2005 [NMFS 200543]

Listed as threatened on June 28,
2005 [NMFS 2005a]

Steelhead (Oncorhynchus mykiss)

ESU

Snake River (SR)
steelhead

Upper Columbia River
(UCR) steelhead

Middle Columbia River
(MCR) steelhead

Species & Critical
Habitat Affected

ESA Listing Status

Listed as threatened on
January 5, 2006 [NMFS
20064a]

Listed as endangered on June
13, 2007 [Court decision]

Listed as threatened on
January 5, 2006 [NMFS
20064a]

ESA Critical Habitat

Critical habitat designated on
October 25, 1999 [NMFS 1999a]

Critical habitat designated on
December 28, 1993 [NMFS 1993]

Critical habitat designated on
September 2, 2005 [NMFS 2005b]

Critical habitat designated on
September 2, 2005 [NMFS 2005b]

Critical habitat designated on
September 2, 2005 [NMFS 2005b]

ESA Critical Habitat

Critical habitat designated on
September 2, 2005 [NMFS 2005b]

Critical habitat designated on
September 2, 2005 [NMFS 2005b]

Critical habitat designated on
September 2, 2005 [NMFS 2005b]
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Steelhead (Oncorhynchus mykiss) Continued

ESU ESA Listing Status

Listed as threatened on
January 5, 2006 [NMFS 2006
a]

Upper Willamette River
(UWR) steelhead

Listed as threatened on
January 5, 2006 [NMFS 2006
aJ

Lower Columbia River
(LCR) steelhead

Chum Salmon (Oncorhynchus keta)

ESU ESA Listing Status

Listed as threatened on June
28, 2005 [NMFS 2005a]

Columbia River (CR)
chum salmon

Sockeye Salmon (Oncorhynchus nerka)

ESU ESA Listing Status

Snake River (SR) sockeye
salmon

Listed as endangered on June
28, 2005 [NMFS 2005a]

Coho Salmon (Oncorhynchus kisutch)

ESU ESA Listing Status

Listed as threatened on June
28, 2005 [NMFS 20054a]

Lower Columbia River
coho salmon

Killer Whales (Orcinus orca)

ESU ESA Listing Status
Southern Resident DPS Killer Listed as endangered on
Whales November 18, 2005 [NMFS

2005d]

Green Sturgeon (A. medirostris)

ESU ESA Listing Status
Southern DPS of Green Listed as endangered on April
Sturgeon 7, 2006 [NMFS 2006d]

Species & Critical
Habitat Affected

ESA Critical Habitat

Critical habitat designated on
September 2, 2005 [NMFS 2005b]

Critical habitat designated on
September 2, 2005 [NMFS 2005b]

ESA Critical Habitat

Habitat designated on September 2,
2005 [NMFS 2005b]

ESA Critical Habitat

Critical habitat designated on
December 28, 1993 [NMFS 1993]

ESA Critical Habitat

Critical habitat designation under
development

ESA Critical Habitat

Critical habitat designation on
November 29, 2006 [NMFS
2006c]

ESA Critical Habitat

Critical habitat designation under
development

May 5, 2008



NOAA Fisheries

Supplemental Comprehensive Analysis

4.2 Designated Critical Habitat Affected by the Prospective Actions

4.2.1 Designated Critical Habitat for Columbia Basin Salmon and Steelhead

NOAA Fisheries has designated critical habitat for 12 of the 13 salmon and steelhead species that
would be affected by the FCRPS and Upper Snake prospective actions." Critical habitat includes the
stream channel within each designated stream reach with the lateral extent defined by the ordinary
high-water line. Within these areas, the primary constituent elements (PCEs) essential for the
conservation of the listed species are those sites and habitat components that support one or more life
stages. The PCEs for three species of SR salmon are shown in Table 4.2.1-1, below. The PCEs for
nine other species of Columbia basin salmon and steelhead are described in the paragraphs following

Table 4.2.1-1.

Table 4.2.1-1. PCEs identified for SR Sockeye, spring/summer Chinook, and fall Chinook Salmon

(NMFS 1993)

Habitat Component

Spawning &
juvenile rearing
areas

Juvenile migration
corridors

Areas for growth
& development to
adulthood

Adult migration
corridors

Sockeye

1) spawning gravel
2) water quality

3) water quantity
4) water temp.

5) food

6) riparian veg.

7) access

1) substrate

2) water quality
3) water quantity
4) water temp.

5) water velocity
6) cover/shelter
7) food

8) riparian veg.
9) space

10) safe passage

Ocean areas — not
identified

1) substrate

2) water quality
3) water quantity
4) water temp.
5) water velocity
6) cover/shelter
7) riparian veg.

! NOAA has not yet developed a critical habitat designation for LCR coho salmon.

Species & Critical
Habitat Affected

4:5

Spring/Summer
Chinook

1) spawning gravel
2) water quality

3) water quantity
4) cover/shelter

5) food

6) riparian veg.

7) space

Same as sockeye

Same as sockeye

Same as sockeye

Fall Chinook

Same as spr/sum
Chinook

Same as sockeye

Same as sockeye

Same as sockeye
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Habitat Component Sockeye Spring/Summer Fall Chinook
Chinook

8) space
9) safe passage

NOAA Fisheries (NMFS 2005b) has identified the following PCEs for the nine other species of
Columbia basin salmonids.>

1. Freshwater spawning sites with water quantity and quality conditions and substrate supporting
spawning, incubation and larval development. These features are essential to conservation because
without them the species cannot successfully spawn and produce offspring.

2. Freshwater rearing sites with water quantity and floodplain connectivity to form and maintain
physical habitat conditions and support juvenile growth and mobility; water quality and forage
supporting juvenile development; and natural cover such as shade, submerged and overhanging
large wood, log jams and beaver dams, aquatic vegetation, large rocks and boulders, side
channels, and undercut banks. These features are essential to conservation because without them,
juveniles cannot access and use the areas needed to forage, grow, and develop behaviors (e.g.,
predator avoidance, competition) that help ensure their survival.

3. Freshwater migration corridors free of obstruction with water quantity and quality conditions and
natural cover such as submerged and overhanging large wood, aquatic vegetation, large rocks and
boulders, side channels, and undercut banks supporting juvenile and adult mobility and survival.
These features are essential to conservation because without them juveniles cannot use the variety
of habitats that allow them to avoid high flows, avoid predators, successfully compete, begin the
behavioral and physiological changes needed for life in the ocean, and reach the ocean in a timely
manner. Similarly, these features are essential for adults because they allow fish in a non-feeding
condition to successfully swim upstream, avoid predators, and reach spawning areas on limited
energy stores.

4. Estuarine areas free of obstruction with water quality, water quantity, and salinity conditions
supporting juvenile and adult physiological transitions between fresh- and saltwater; natural cover
such as submerged and overhanging large wood, aquatic vegetation, large rocks and boulders, and
side channels; and juvenile and adult forage, including aquatic invertebrates and fishes, supporting
growth and maturation. These features are essential to conservation because without them
juveniles cannot reach the ocean in a timely manner and use the variety of habitats that allow them
to avoid predators, compete successfully, and complete the behavioral and physiological changes
needed for life in the ocean. Similarly, these features are essential to the conservation of adults
because they provide a final source of abundant forage that will provide the energy stores needed

2 A fifth category in NOAA Fisheries (NMFS 2005b), “nearshore marine areas,” refers to areas designated in Puget
Sound (i.e., is not applicable to Columbia basin salmonids).
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to make the physiological transition to fresh water, migrate upstream, avoid predators, and
develop to maturity upon reaching spawning areas.

At the time of the critical habitat designations that became final in September of 2005, NOAA
Fisheries’ Critical Habitat Analytical Review Teams (CHARTS) rated 525 occupied watersheds in the
Columbia River basin. The CHARTS gave each of these occupied watersheds a high, medium, or low
rating. High-value watersheds are those with a high likelihood of promoting conservation, while low
value watersheds are expected to contribute relatively little. Conservation value was determined by
considering the factors listed in Table 4.2-2 below.

Table 4.2-2. Factors considered by Columbia Basin CHARTSs to determine the conservation value of
occupied HuC-5s.}

Factors Considerations

PCE quantity Total stream area or number of reaches in the HUC-5
where PCEs are found; compares to both distribution in other
HUC-5s and to probable historical quantity within the HUC-5

PCE quality — current condition Existing condition of the quality of PCEs in the HUC-5

PCE quality - potential condition Likelihood of achieving PCE potential in the HUC-5, either
naturally or through active conservation/restoration, given
known limiting factors, likely biophysical responses, and

feasibility
PCE quality - support of Support of rare genetic or life history characteristics or
rarity/importance rare/important types in the HUC-5
PCE quantity - support of abundant Support of variable-sized populations relative to other
populations HUC-5s and the probably historical levels in the HUC-5
PCE quality - support of Support of spawning or rearing of varying numbers of
spawning/rearing populations (i.e., different run-timing or life history types within

a single ESU and or different ESUS)

Of the 525 watersheds evaluated, 382 were assigned a high rating, 93 a medium rating, and 50 a
low rating. The CHART ratings do not address SR spring/summer Chinook salmon, SR fall
Chinook salmon, or SR sockeye salmon because critical habitat was designated for these ESUs
in 1993. Ratings for the LCR coho salmon ESU are under development.

Many factors, both human-caused and natural, have contributed to the decline of salmon over the
past century. Salmon habitat has been altered through activities such as urban development,
logging, grazing, power generation, and agriculture. These habitat alterations have resulted in the

¥ A HUC is a Hydrologic Unit Code, developed by the U.S. Geological Survey as a standardized way of identifying
drainage basins, subbasins, and watersheds throughout the country. A HUC-5 is a five unit (ten two-digit numbers)
code. Examples of HUC-5s are “Salmon River-Redfish Lake Creek” (1706020102) in the upper Salmon River basin,
Idaho; “Wenatchee River—Icicle Creek” (1709000501) in the upper Willamette basin, Oregon.
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loss of important spawning and rearing habitat and the loss or degradation of migration corridors.
Thus, critical habitat is not able to serve its conservation role in its current condition in many of
the designated watersheds. Factors limiting the functioning of PCEs and thus the conservation
value of critical habitat are discussed for each species in Chapter 8 of this document.

4.2.2 Designated Critical Habitat for Southern Resident Killer Whales

NOAA Fisheries published the final designation of critical habitat was published November 29, 2006
(NMFS 2006¢). Critical habitat consists of three specific areas (1) the Summer Core Area in Haro
Strait and waters around the San Juan Islands; (2) Puget Sound; and (3) the Strait of Juan de Fuca,
which comprise approximately 2,560 square miles of marine habitat. Based on the natural history of
the Southern Residents and their habitat needs, NOAA Fisheries identified the following physical or
biological features (i.e., PCEs) essential to conservation: (1) water quality to support growth and
development; (2) prey species of sufficient quantity, quality and availability to support individual
growth, reproduction and development, as well as overall population growth; and (3) passage
conditions to allow for migration, resting, and foraging.

Factors limiting the functioning of PCEs and thus the conservation value of critical habitat are water
quality (Puget Sound); prey quantity, quality, and availability (throughout portions of the designated
area used for foraging); and impediments to passage between areas used for foraging and other
activities (e.g., the presence of vessels).

There is no designated critical habitat for Southern Resident Killer Whales in the action area for the
Prospective Actions.

4.2.3 Designated Critical Habitat for Green Sturgeon
NOAA Fisheries has not yet designated critical habitat for this species.

4.3 Endangered Species Act Recovery Planning

This section describes current recovery planning activities for the listed salmonid species affected by
the FCRPS.

The ESA requires NOAA Fisheries to develop and implement recovery plans for species listed under
the Act. The purpose of recovery plans is to identify actions needed “for the conservation and
survival” [ESA Section 4(f)(1)] of threatened and endangered species to the point that they no longer
need the Act’s protection. ESA recovery plans organize, coordinate, and prioritize possible recovery
actions to provide a road map for species’ recovery. NOAA Fisheries’ recovery plans articulate the
goals and scientifically supported strategies needed to recover a listed species (NMFS 2007a).
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The ESA mandates that a recovery plan must provide:

= Adescription of such site-specific management actions as may be necessary to achieve the plan’s
goal for the conservation and survival of the species;

= Objective, measurable criteria which, when met, would result in a determination that the species
be removed from the list, and;

= Estimates of the time required and the cost to carry out those measures needed to achieve the
plan’s goal and to achieve intermediate steps toward that goal. See ESA Section 4(f)(1)(B).

ESA Section 4(a)(1) lists factors for listing, re-classification or delisting, and these are addressed
in recovery plans:

= The present or threatened destruction, modification, or curtailment of [the species’] habitat or
range

= QOver-utilization for commercial, recreational, scientific or educational purposes
= Disease or predation
= The inadequacy of existing regulatory mechanisms, or

= Other natural or manmade factors affecting its continued existence.

ESA Recovery Planning: Overview

NOAA Fisheries is basing ESA recovery plans for Pacific salmon on the state, regional, Tribal, local,
and private conservation efforts already underway throughout the region. To support recovery
planning process in the Columbia Basin, NOAA Fisheries convened two Technical Recovery Teams
(TRT) to develop recommendations on biological viability criteria for ESUs and their component
populations, to provide scientific support to local and regional recovery planning efforts, and to
provide scientific evaluations of recovery plans. These are the Willamette /Lower Columbia and the
Interior Columbia TRTSs.

Nominations for each TRT were solicited from the scientific community and candidates were
evaluated by an independent panel before being appointed. These TRTSs are scientific advisory
committees. Although they are coordinated and chaired by NOAA Fisheries’ Northwest Fisheries
Science Center staff and their work includes significant contributions from NOAA Fisheries science
staff, most of the members are not NOAA Fisheries scientists. TRT members include scientists from
other federal agencies, state agencies, Tribes, states, universities, and consultants.

All TRTs used the same biological principles for developing their ESU and population viability
criteria. These principles are described in a NOAA Fisheries technical memorandum, Viable Salmonid
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Populations and the Recovery of Evolutionarily Significant Units (McElhany et al. 2000). A viable
salmonid population (VSP) is defined as one that has a negligible extinction risk over a 100-year time
frame. Viable salmonid populations are defined in terms of four parameters: abundance, productivity
or growth rate, spatial structure, and diversity. Viable ESUs are defined by some combination of
populations, at least some of which meet or exceed “viable” thresholds for abundance and
productivity, and that have appropriate geographic distribution, protection from catastrophic events,
and diversity of life histories and other genetic expression.

The TRTs identified the historical population structure of each ESU/DPS including independent
populations and major population groups (MPGs), based on shared geography or ecosystems, genetic
similarity, and other considerations, within each ESU/DPS (The Interior Columbia TRT called these
groupings major population groups (MPGs); the Willamette/Lower Columbia TRT called them
strata—in this discussion we use the term major population group to refer to both.).

Both TRTs then developed viability criteria at the population, MPG, and ESU/DPS scales (WLCTRT
and ODFW 2006; ICTRT 2007a). Both TRTs concluded that for an ESU/DPS to be considered viable,
all MPGs within that ESU/DPS should be at low risk. A low risk MPG was defined as one with some
minimum number of viable populations and with other populations improved to or maintained at
some other (generally higher) risk status so that they are nevertheless contributing to overall MPG or
ESU/DPS viability.*

Given the hierarchical structure of salmonid biology, an overall assessment of extinction risk for an
ESU or DPS begins at the population level and builds up to the MPG and ESU/DPS levels (See
Figure 4.3-1). Moreover, the status of individual populations is evaluated to assess MPG risk status,
and then the status of each MPG within an ESU/DPS is considered when evaluating overall ESU/DPS
status. Both TRTs developed reports assessing the current status and extinction risk of individual
populations, MPGs, and ESUs/DPSs based on their criteria.

* Technical Recovery Team “viability” recommendations are associated with recovery and delisting in recovery
plans for salmon and steelhead. It therefore goes beyond the “potential for recovery” prong of the jeopardy standard
as described in Section 7.1.
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Hierarchy in Salmonid Population Structure
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Figure 4.3-1 Hierarchical levels of salmonid species structure as defined by the TRTs for ESU/DPS
recovery planning.

Adopting Plans as NOAA Fisheries’ Recovery Plans

In some cases, NOAA Fisheries will adopt a local plan directly as the ESA recovery plan. In other
cases, NOAA Fisheries may write a “supplement” summarizing a locally developed plan and noting
any necessary additions or qualifications to make it adequate for ESA recovery. The supplement then
becomes part of the ESA recovery plan for the ESU. To finalize and formally adopt a plan under the
ESA, NOAA Fisheries issues a notice of availability of the proposed recovery plan in the Federal
Register and requests public comment for at least 60 days. During this time, NOAA Fisheries also
requests technical review of the certain aspects of the plan. NOAA Fisheries then considers all
comments received and may amend the proposed plan in response. The record for the final plan
includes NOAA Fisheries’ written response to comments. NOAA Fisheries also publishes a notice in
the Federal Register when the plan is final. The status of recovery plans in the domains, sub-domains,
and management units are summarized in table 4.3-2.

Major Recovery Plan Elements
All recovery plans contain several common elements, described below.

Recovery goals, broad sense recovery goals and delisting criteria

The primary goal of ESA recovery plans is for the species to reach the point where they no longer
need the protection of the Act — i.e., to be delisted. All locally developed recovery plans incorporate
this primary goal. Some of the locally developed recovery plans in the Columbia Basin also contain
“broad-sense recovery goals” that go beyond ESA requirements for delisting, to address other
legislative mandates or social, economic, and ecological values. Recovery plans may, for instance,
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address the impacts of regional human population growth on listed salmonids in the Columbia River
basin.®

Delisting criteria define conditions that, when met, would result in a determination by NOAA
Fisheries that the species are not likely to become endangered within the foreseeable future throughout
all or a significant portion of its range. Where species are endangered, the recovery plans also provide
criteria for determining that the species is no longer in danger of extinction throughout all, or a
significant portion, of its range.

ESA delisting criteria are of two kinds: biological criteria — the population or demographic parameters
for viability, and threats criteria - the conditions under which the listing factors, or threats detailed in
the ESA Section 4(a)(1) can be considered to be addressed or mitigated. All of the Columbia basin
recovery plans either have based or will base their biological recovery criteria on viability criteria
from Interior Columbia and Willamette/Lower Columbia TRT reports. All of the plans’ threats
criteria have been or will be developed to address the specific conditions related to habitat,
hydropower, harvest, hatcheries, and other limiting factors (such as predation, competition, and
invasive species) as they affect the ESUs or DPSs in a particular domain. Together, the biological
criteria and threats criteria make up the “objective, measurable criteria” required under Section

4MHA)(B).

Delisting criteria are a NOAA Fisheries’ determination and may include both technical and policy
considerations. The criteria that are in recovery plans could exceed the minimum necessary to delist
the species. Delisting decisions will be made at some future time and will take into account
information and conditions at that time.

In accordance with ESA Section 4(c)(2), NOAA Fisheries will conduct status reviews of the 13 listed
Columbia Basin salmon and steelhead ESUs or DPSs every five years to evaluate their status and
determine whether they should be proposed for de-listing or a change in status. Such evaluations will
take into account the following:

= The biological recovery criteria (ICTRT 2007a; WLCTRT and ODFW 2006) and listing factor
(threats) criteria (which attempt to provide measurable criteria for the Section 4(a)(1) listing
factors).

= The management programs in place to address the threats.

= Principles presented in the Viable Salmonid Populations paper (McElhany et al. 2000).

® Regional population growth is projected to continue through 2030 in the Pacific Northwest (ISAB 2007a). The
implications of this growth include increased demand for land, water, and hydroelectricity, all of which have the
potential to limit listed salmonid viability. Recovery plans, under the premise of “broad-sense recovery goals,” may
account for the impacts of human population growth in local recovery efforts. In doing so, recovery planning would
not only go beyond the ESA requirements for delisting, but would address, and potentially mitigate for, the impacts
of regional growth on listed species.
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= Best available information on population and ESU/DPS status and new advances in risk
evaluation methodologies.

= Other considerations, including: the number and status of extant spawning groups; the status of the
major spawning groups; linkages and connectivity among groups; the diversity of life history and
phenotypes expressed; and considerations regarding catastrophic risk.

= Hatchery fish considerations and progress on hatchery reform.

= Conservation efforts evaluated according to NOAA Fisheries’ Policy for Evaluating Conservation
Efforts (NMFS 2003a).

Recovery Scenarios

Both the Willamette/Lower Columbia and Interior Columbia TRT recommended that for an
ESU/DPS to be considered at low risk of extinction (and therefore viable), all MPGs in that ESU/DPS
should be at low risk. A low risk MPG was defined as one with some minimum number of viable
populations and with other populations improved to or maintained at some other (possibly higher) risk
status so that they are contributing to overall MPG or ESU/DPS viability. Thus, the status of
individual populations is evaluated to assess MPG risk status, and then the status of each MPG within
an ESU/DPS is considered when evaluating overall ESU/MPG status (see Sections 7.1.1.1 and 7.3).

For Columbia Basin ESUs/DPS that are comprised of multiple populations and MPGs, it may not be
necessary for all of the populations to attain low risk in order to provide sufficient viability for the
ESU/DPS as a whole; the ESU/DPS-level viability criteria allow for some combination of risk status
among the component populations. Furthermore, there is more than one combination of populations at
various risk levels that constitute a viable ESU/DPS. NOAA Fisheries refers to the possible
combinations of low-risk status populations in each MPG that would allow the ESU/DPS to meet the
viability criteria as “recovery scenarios.”

Status reviews conducted by the Biological Review Team (BRT)® provide precedence for
determinations that not all populations that were historically present must be present in an ESU for the
ESU to be viable (need status review cites for non-listed ESUs). The BRT reviewed ESUs and
determined that they were not threatened or endangered, even though the ESUs contained some
populations that clearly would not meet VVSP criteria.’

In the analyses described in Sections 7.1 through 7.3, NOAA Fisheries applied two general
considerations apply to determining the minimum number of populations that needed to be viable
within an MPG for it to be sufficiently low risk for viability of the ESU/DPS. First, having multiple
viable populations can provide a spatial distribution that maintains within MPG diversity while

® The BRT’s findings are not recommendations regarding listing because they did not include consideration of the
potential contribution of hatchery stocks to the viability of ESUs, or evaluate efforts being made to protect the
species (NMFS 2005a).

"NMFS (2005a).
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providing for dispersal at normative rates and second, having multiple viable populations reduces
extinction risk due to local catastrophic events (VSP paper, WLCTRT and ODFW 2006). Also, a
general objective for the combinations of viable and less than viable populations provided by the
ICTRT (2007 a) is that the composite MPG productivity be at or above replacement, thus ensuring
long-term persistence of the ESU/DPS. The ICTRT and WLCTRT also concluded that achieving
viability goals for the minimum number of populations will likely require attempting to meet those
targets in more than just those populations because the efficacy of recovery efforts is uncertain.
Finally, both TRTSs stated the importance of maintaining the status of the additional populations not
meeting viability criteria within a particular recovery scenario at levels that contribute to the
ecological and evolutionary function of the ESU as a whole. At the time of a status review and listing
classification decision, all of these considerations will be applied in the context of the status and risks
facing the populations.

Limiting Factors Analyses & Threats Assessments

Recovery plans describe the limiting factors and threats that are the reasons for the species’ decline.
The recovery plans define “limiting factors” as the biological and physical conditions limiting
ESU/DPS and population status (e.g. elevated water temperature), and define “threats” as those
human activities or naturally induced conditions that cause the limiting factors (e.g. removal of
riparian vegetation, which causes loss of shade and, consequently, elevated water temperature). The
limiting factors are evaluated based on their impacts on population viability parameters and risk status.

Most Columbia Basin salmon ESUs and steelhead DPSs contain multiple populations distributed
across a wide region of varying ecology and multiple political and jurisdictional boundaries. Because
populations are the building blocks for evaluating the status of ESUs/DPSs, limiting factors and
threats analyses in recovery plans are based on assessments of population-level limiting factors and
then rolled up to the MPG and ESU/DPS level. These limiting factors/threats analyses are based on
available scientific information, including subbasin assessments and plans, watershed assessments,
expert panels, published research, ongoing field studies, and the expert opinion of regional biologists.

Recovery Strategies and Actions

Recovery plans include, “a description of such site-specific management actions as may be necessary
to achieve the plan’s goal for the conservation and survival of the species” (ESA (f)(1)(B)(i). NOAA
Fisheries has required Columbia Basin recovery actions to be derived from the limiting factors and
threats assessments. Columbia Basin recovery plans generally describe strategies and actions for each
population in an ESU/DPS.

Estimates of Time & Cost

All of the locally-developed recovery plans contain extensive lists of actions needed to recover the
ESUs/DPSs. The estimate of total time for recovery may end up ranging from 5 to 50 years; however,
there are many uncertainties involved in predicting the course of recovery and in estimating total
costs. Such uncertainties include biological and ecosystem responses to recovery actions as well as
long-term and future funding. Most of the recovery plans are focusing on immediate needs and
NOAA Fisheries has supported an initial focus on the first 10 to 15 years of implementation, provided
that, before the end of this first implementation period, specific actions and costs will be estimated for
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subsequent years, to achieve long-term goals and to proceed until a determination is made that listing
is no longer necessary.

Research, Monitoring & Evaluation

Recovery plans need monitoring and evaluation programs that answer these basic questions: How will
we know we are making progress? How will we get the information we need? And how will we use
the information in decision making? All of the recovery plans will have actions for research,
monitoring and evaluation. The Upper Columbia Recovery Plan for salmon and steelhead contains
the Columbia Basin’s first such monitoring plan. It is designed and will be incorporated into an
adaptive management framework based on the principles and concepts laid out in the NOAA
Fisheries draft guidance document, Adaptive Management for Salmon Recovery: Evaluation
Framework and Monitoring Guidance (NMFS 2007b) NOAA Fisheries will work with local planners
to ensure that, taken together, the monitoring and evaluation programs for each management unit,
combined with monitoring components of the modules incorporated into the plans, address the needs
of the entire ESUs/DPSs.

Relationship between Recovery Planning and Section 7

Recovery plans provide important context for making section 7 determinations. When NOAA
Fisheries conducts a consultation pursuant to section 7(a)(2), it assists Federal agencies in ensuring
that their actions are not likely to jeopardize the continued existence of listed species or result in the
destruction or adverse modification of critical habitat. The ESA regulations, define “jeopardize the
continued existence of” as “engag[ing] in an action that would reasonably be expected, directly or
indirectly to reduce appreciably the likelihood of both the survival and recovery of listed species in the
wild by reducing the reproduction, numbers or distribution of that species.” Recovery plans provide
criteria that describe what “recovery” looks like. Recovery plans provide biological criteria for the
abundance, productivity, spatial structure and diversity of a recovered species and also criteria for
evaluating whether threats to the species have been addressed. The criteria describing the
characteristics of recovered species also provide metrics that are useful for evaluating the effects of
human actions on listed species. NOAA Fisheries’ critical habitat analysis determines whether the
proposed action will destroy or adversely modify designated or proposed critical habitat for ESA-
listed species by examining any expected changes in the conservation value of the essential features of
that critical habitat.
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Table 4.3-2. Status of Columbia Basin Recovery Plans®

Domain
Sub domain
Management Unit

Upper Columbia

Snake
Idaho

Oregon

SE.Washington

Mid Columbia DPS

Oregon
Yakima

SE.Washington

Gorge

Species Addressed

Upper Col steelhead
Upper Col. Chinook

Snake River sockeye
Snake River fall Chinook
Snake River steelhead
Snake River sp/su Chinook

Snake River fall Chinook
Snake River steelhead
Snake River sp/su Chinook

Snake River fall Chinook
Snake River steelhead
Snake River sp/su Chinook

Mid Columbia steelhead

Mid Columbia steelhead
Mid Columbia steelhead

Mid Columbia steelhead

Mid Columbia Steelhead
Lower Columbia steelhead

Final Interim
Recovery Regional
Plan Recovery Plan
Complete’
Interior Columbia
X

Target Draft
Completion

January 2008

January 2008

January, 2008

October 2007

Revision Oct. 2007

October 2007

Entity

U. Col Salmon Recovery Board

NOAA Fisheries in coordination
with State of Idaho

OR Snake Sounding Board

SE Wash. Salmon Recovery
Board

NOAA Fisheries in coordination
with all Management Units

OR Snake Sounding Board
Yakima Salmon Recovery Board

SE Wash. Salmon Recovery
Board

NOAA Fisheries; Yakama
Nation, with others

8 Links to each individual plan are provided at: http://www.nwr.noaa.gov/Salmon-Recovery-Planning/ESA-Recovery-Plans/Draft-Plans.cfm
® These plans have been noticed in the Federal Register, received public comment and NOAA Fisheries has approved them as Interim Regional Recovery Plans
until full ESU/DPS plans are complete.
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Domain Species Addressed
Sub domain
Management Unit

Lower Columbia Columbia chum, Lower
Washington Columbia steelhead,
L.Columbia Chinook
L. Columbia coho

Oregon Columbia chum, Lower
Columbia steelhead,
L.Columbia Chinook
L.Columbia coho

U. Willamette U.Willamette steelhead
U.Willamette Chinook

Species & Critical
Habitat Affected

Final Interim Target Draft
Recovery Regional Completion
Plan Recovery Plan

Complete®

Willamette/Lower Columbia

X

Entity

ODFW, NOAA Fisheries,
L. Col. Sounding Board

ODFW, NOAA Fisheries,
Willamette Sounding Board
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Chapter 5
Environmental Baseline

This chapter describes the effects of past and ongoing human and natural factors within the combined
action area (Chapter 3), on the current status of the species, their habitats and ecosystems. The
environmental baseline includes,

“the past and present impacts of all Federal, state, or private actions and other human activities
in the action area, including the anticipated impacts of all proposed Federal projects in the
action area that have undergone Section 7 consultation and the impacts of state and private
actions that are contemporaneous with the consultation in progress” (50 CFR 402.02, ‘effects
of the action”’).

To facilitate our analytical approach (see Section 7 of this document), this section is organized into
hydro effects, tributary habitat effects, estuary and plume habitat effects, predation and disease effects,
hatchery effects, harvest effects, and large-scale environmental factors. These are over-view
discussions of environmental conditions affecting one or more ESUSs in the action area and focused on
past and ongoing effects related to the FCRPS, Upper Snake projects, and in-river harvest activities.
In general, Columbia River salmon have been adversely affected by a broad number of human
activities including habitat losses from all causes (population growth, urbanization, roads, etc.), fishing
pressure, flood control, irrigation dams, pollution, municipal and industrial water use, introduced
species, and hatchery production (NRC 1996). In addition, salmon populations have been strongly
affected by ocean and climate conditions. Species-specific information that continues this discussion
of the environmental baseline, including the current status of designated critical habitats, is presented
in Chapter 8 of this document.

Killer whale (Orcinus orca) and green sturgeon (Acipenser medirostris) are included in this
consultation. However, the Action Agencies have determined that while the Prospective Action may
affect these species, they are not likely to be adversely affected and have requested NOAA Fisheries
concurrence (Corps et al. 2008). For this reason, green sturgeon and killer whale are treated separately
in Chapters 9 and 10. For details on the environmental baseline conditions for these species, please
refer to Chapters 9 and 10.

The aggregated factors described below, taken together, have contributed to the current status of the
species as quantified, to the best of NOAA Fisheries’ abilities, in the environmental baseline section of
Chapter 8, as well as in the Aggregate Analysis Appendix—including the mortality estimates for
juvenile and adults migrating through the FCRPS mainstem projects (see SCA, Adult Survival
Estimates and Hydro Modeling Appendices).
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5.1 Hydro System Effects

This section identifies the past and continuing effects of dams and reservoirs located in the mainstem
Columbia and Snake Rivers’ migratory corridor on listed species of salmon and steelhead and their
designated critical habitat. The mainstem migratory corridor extends from the base of Hells Canyon
Dam, on the Snake River, and from Chief Joseph Dam, on the Columbia River, to the mouth of the
Columbia River.

Columbia River Basin anadromous salmonids have been affected by the development and operation
of dams. Dams, without adequate fish passage systems, have extirpated anadromous fish from their
pre-development spawning and rearing habitats. Dams and reservoirs, within the currently accessible
migratory corridor, have greatly altered the river environment and have affected fish passage. The
operation of water storage projects has altered the natural hydrograph of the Snake and Columbia
Rivers. Water impoundment and dam operations also affect downstream water quality characteristics,
vital components to anadromous fish survival. Detailed descriptions of these effects are provided in
Williams et al. 2005 and Ferguson et al. 2005 (NOAA Technical Memoranda NMFS-NWFSC-63 and
64). This information is summarized generally below. If any discrepancies are created as a result of
this effort to summarize the more complex body of information into a more readable form, the
information in the Technical Memoranda should be relied upon.

The effects of the operation, maintenance and structural modification of the FCRPS dams and
reservoirs are one of the subjects of this SCA in support of multiple ESA consultations. The basic
existence of the FCRPS dams is not the proposed action for ESA consultation, but is analyzed as part
of the consultation consistent with the court decision in NWF v. NMFS, 481 F.3d 1224 (9" Cir. 2007).
Rather that using a “reference operation,” as in its 2004 FCRPS Biological Opinion (NMFS 2004a),
NOAA Fisheries attempts to identify, and to the extent possible, quantify effects in the environmental
baseline. However, because much of the effects in the environmental baseline would persist under the
Prospective Action, NOAA Fisheries cannot draw a bright line for this consultation between hydro
effects of the environmental baseline and those of the action for consultation. This section presents
NOAA Fisheries’ assessment of current dam effects on the listed species and critical habitat. This is
the starting point for the species-specific analysis that continues in Chapter 8.

5.1.1 Blocked and Inundated Habitat

The construction of the FCRPS projects, Canadian flood control and hydropower projects, the Mid-
Columbia Public Utility District dams, and (downstream of Shoshone Falls on the Snake River)
Reclamation’s Upper Snake projects and Idaho Power Company’s mainstem dams have blocked
access to salmon and steelhead from thousands of miles of habitat in the Columbia River basin, and
inundated hundreds of miles more. Many smaller dams — even temporary dams - have had the same
effects, though on much smaller scales.
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Construction of Grand Coulee Dam in 1939 blocked access to historical production areas for upper
Columbia River spring Chinook salmon and steelhead (NRC 1996; ICTRT 2003). Chief Joseph
Dam, located downstream of Grand Coulee Dam, is also impassable. The Sanpoil, Spokane, Colville,
Kettle, Pend Oreille, and Kootenai rivers each supported one or more populations of Chinook salmon
and/or steelhead.

Before European contact, Snake River fall Chinook salmon occupied the mainstem Snake River up to
Shoshone Falls (Gilbert and Evermann 1894; ICTRT 2003). In particular, the area downstream of
Upper Salmon Falls, at river mile (RM) 578, was identified by Evermann (1895) as the “largest and
most important salmon spawning ground of which we know in the Snake River.” After loss of these
upstream reaches with construction of Swan Falls Dam in 1901, the reach between Marsing, Idaho,
and Swan Falls Dam (RM 349 to 424) was the primary spawning and rearing area for Snake River fall
Chinook salmon (Irving and Bjornn 1981; Haas 1965, cited in ICTRT 2003). However, construction
of the Hells Canyon Dam complex (1958-1967) cut off access to historical habitat upstream of RM
248. Additional fall Chinook habitat was lost through inundation as a result of the construction of the
lower mainstem Snake River dams (Groves and Chandler 1999). In addition to the loss of fall
Chinook salmon habitat on the mainstem Snake River, the Hells Canyon Dam complex cut off access
to historical habitat in seven large tributaries for spring/summer Chinook salmon and steelhead. The
seven tributaries are the Boise, Burnt, Malheur, Owyhee, Payette, Powder, and Weiser rivers (USBR
1997)." Each of these tributaries provided hundreds of miles of spawning and rearing habitat for
spring/summer Chinook salmon and steelhead (and several lakes for sockeye salmon in the Payette
River basin) (Fulton 1968; Fulton 1970; Gustafson 1997).

Similarly, dams constructed in tributary streams often were constructed without fish passage facilities,
or fish passage that was provided functioned poorly. For example, Sunbeam Dam, built in 1910 about
20 miles downstream from Redfish Lake on the main Salmon River, was too high for salmon to
surmount by leaping and was originally constructed without fish passage facilities. Though a poorly
functioning concrete fish ladder was completed in 1920 and the dam was breached by blasting in
1934, the relatively short life of Sunbeam Dam is considered to be a major contributor to the decline
of Snake River sockeye. In similar ways, many tributaries have been blocked by dams lacking
adequate fish passage facilities.

In recent years, high quality fish passage is being restored where it did not previously exist, either
through improvements to existing fish passage facilities or through dam removal (e.g., Marmot Dam
on the Sandy River, Powerdale Dam on the Hood River, and Condit Dam on the White Salmon
River). The anticipated effects of these actions on individual species are discussed in Sections 8.2
through 8.13 of this document.

! Many major projects were constructed between 1901 and 1958 in the tributaries upstream of the Hells Canyon
Complex which prevented salmon and steelhead from reaching historical habitat. These include Barber (1906),
Arrowrock (1915), Lucky Peak (1957) dams on the Boise River; Black Canyon Dam (1924) on the Payette River;
Owyhee Dam (1932) on the Owyhee River; Thief Valley Dam (1931) on the Powder River; and Unity Dam (1940)
on the Burnt River (USBR 1997).
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Within the habitat currently accessible by salmon and steelhead, dams have negatively affected
spawning and rearing habitat. Within the Columbia and Snake rivers where fish currently have access,
short, relatively shallow and high velocity tailwater segments immediately downstream from each
mainstem project provide small amounts of riverine habitat, some of which are used by spawning
salmon. In addition, except for the Hanford and Hells Canyon Reaches (noted below) mainstem
habitats in the Columbia and Snake Rivers have been reduced primarily to a single channel.
Floodplains have been reduced, off-channel habitat features have been eliminated or disconnected
from the main channel, and the amount of large woody debris in the mainstem has been greatly
reduced. Remaining habitats often are affected by flow fluctuations associated with reservoir water
management for power peaking, flood control, and other operations.

Upstream from Bonneville Dam, the 41-mile stretch (66 km) of the Columbia River known as the
Hanford Reach between the head of Lake Wallula (McNary Dam pool) and the tailrace of Priest
Rapids Dam, and the approximately 101-mile stretch (162 km) of the Snake River often referred to as
the Hells Canyon Reach provide the longest remaining riverine ecosystems between Bonneville Dam
and Chief Joseph dam on the Columbia River and Hells Canyon Dam on the Snake River (647 —miles
or 1,042 km).

5.1.2 Mainstem Habitats & the Migratory Corridor

The Columbia and Snake Rivers (mainstem habitat) serve as migration corridors for migrating
salmon and steelhead between the Pacific Ocean and their freshwater spawning and rearing
habitats. Features of migration habitat important to these fish generally include: substrate, water
quality, water quantity, water temperature, water velocity, cover/shelter, food (prey), riparian
vegetation, space, and safe passage. For fall Chinook salmon and, to a lesser extent chum
salmon, mainstem habitat also serves as important spawning and rearing habitat. Features of
spawning and rearing habitat that are important to these fish generally include: spawning gravel,
water quality, water quantity, water temperature, food, riparian vegetation, and access (to
spawning and rearing areas).

Current conditions within much of the mainstem Columbia and Snake Rivers are altered
compared to historic conditions. The development of hydropower and water storage projects
within the Columbia River basin have resulted in the inundation of many mainstem spawning
and shallow-water rearing areas (loss of spawning gravels and access to spawning and rearing
areas); altered water quality (reduced spring turbidity levels), water quantity (seasonal changes in
flows and consumptive losses resulting from use of stored water for agricultural, industrial, or
municipal purposes), water temperature (including generally warmer minimum winter
temperatures and cooler maximum summer temperatures), water velocity (reduced spring flows
and increased cross-sectional areas of the river channel), food (alteration of food webs, including
the type and availability of prey species), and safe passage (increased mortality rates of
migrating juveniles) (Williams et. al 2005; Ferguson et. al 2005).

Environmental Baseline 56 May 5, 2008



NOAA Fisheries
Supplemental Comprehensive Analysis

Table 5.1.2-1. Migration rates (km/day) of juvenile SR spring-summer Chinook salmon and
steelhead through free flowing and impounded sections of the Snake and Columbia Rivers under
low, medium, and high flow conditions. (Taken from Raymond 1979)

River Condition Magnitude of Flow

Low? Medium® High®
Free-flowing 24 40 54
Impounded 8 13 24

a. Snake, 1,000 to 1,500 m*/second; Columbia 4,000 to 5,000 m*/second.
b. Snake, 2,000 to 3,000 m*/second; Columbia 6,000 to 9,000 m*/second.
¢. Snake, 3,000 to 5,000 m*/second; Columbia 10,000 to 14,000 m*/second.

Within the migratory corridor, both dams and their associated reservoirs influence the current status of
Columbia Basin salmon. To a greater or lesser extent specific to each dam, the dam present fish-
passage hazards, causing passage delays and varying rates of injury and mortality. The altered habitats
in project reservoirs reduce smolt migration rates and create more favorable habitat conditions for fish
predators, including native northern pikeminnow (Ptychocheilus oregonensis), nonnative walleye
(Sander vitreus), and smallmouth bass (Micropterus dolomieu).

5.1.2.1 Smolt Passage

Delay

Prior to the development of mainstem dams (c. 1938—1978), the mainstem migratory corridor
was free-flowing with high velocities and a broad complex of habitats including rapids, short
chutes, falls, riffles, and pools. It is not known how long it took juvenile salmon and steelhead to
traverse the free-flowing river, but in 1966, when Snake River salmon encountered only four
mainstem dams (Ice Harbor Dam on the Snake River and McNary, The Dalles, and Bonneville
dams on the Columbia River), Raymond (1968; Raymond 1979), by comparing fish captured and
marked in the Salmon River and recaptured at the four dams, estimated that migrating smolts
traveled about one-third (in lower flow conditions) to one-half (in higher flow conditions) as fast
through the impounded reaches as through the free-flowing reaches.

Dams within the migratory corridor converted much of the once free-flowing river into a stair-
step series of slow pools. Today, median travel times for yearling Chinook from the Snake River
to Bonneville Dam range from 14 days to 31 days depending on flow conditions, an increase of
40 to 50% over travel times measured in 1966 (see discussion above) when fish encountered
only the four mainstem dams (Williams et al. 2005).

This increased travel time (migration delay) presents an array of potential survival hazards to

migrating juvenile salmon and steelhead: increasing their exposure to potential mortality vectors
in the reservoirs (e.g. predation, disease, thermals stress), disrupting arrival timing to the estuary
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(which likely affects predator/prey relationships),” depleting energy reserves, potentially causing
metabolic problems associated with smoltification (smoltification is the process of metabolic
changes required to allow juvenile fish to convert from freshwater to saltwater environments),
and for some steelhead and all Chinook salmon, contributing to residualism (a loss of migratory
behavior).

A substantial fraction of the mortality experienced by juvenile outmigrants through the portion of
the migratory corridor affected by the FCRPS occurs in the reservoirs (e.g., about half of the
mortality of in-river migrating juvenile spring Chinook and steelhead) and reducing migration
delays have therefore been a focus of recent actions to improve juvenile outmigrant survival
through the FCRPS. For example, Federal storage reservoirs have, compared to historical
operations, been operated to increase spring and summer flows to accelerate smolt migrations,
voluntary spill (and most recently, the addition of surface passage routes) has been implemented
to reduce forebay delay, and a large fraction of the annual outmigration has been collected and
transported through the system, greatly accelerating passage.

Dam Passage

A substantial proportion of juvenile salmon and steelhead can be killed while migrating through dams,
both directly through collisions with structures and abrupt pressure changes during passage through
turbines and spillways, and indirectly, through non-fatal injury and disorientation which leave fish
more susceptible to predation and disease, resulting in delayed mortality. Some juvenile mortality and
injury is associated with all routes of dam passage, but turbines generally cause the highest direct
mortality rates—generally ranging between 8§ and 19 percent. Juveniles passing through project
spillways, sluiceways and other surface routes generally suffer the lowest direct mortality rates,
typically losses are 2% or less. However, substantially higher spillway mortalities have been
measured through spillways at several mainstem projects (Ferguson et al. 2005, NOAA Technical
Memoranda NMFS-NWFSC-64).” A significant rate of juvenile mortality (approximately 3-5%) can
occur in project forebays, just upstream of the dams (Axel et al. 2003; Ferguson et al. 2005;
Hockersmith 2007), where fish can be substantially delayed (median of 15-20 hours) before passing
through the dam (Perry et al. 2007).* Forebay delay increases juvenile fish exposure to fish and avian
predators, and increases their exposure time to adverse water quality conditions (e.g. elevated total
dissolved gas levels and high water temperatures) (See discussion below regarding newly developed
surface passage routes that are proving effective at reducing forebay delay).

? During the spring and summer a series of changes occur in the estuary and near-shore ocean environment. The
assemblages of species change through time and disrupting arrival timing may increase the exposure of juvenile
salmon to predators and/or diminish the availability of prey species.

? The route-specific mortality rate values given here are the averages of several investigations. Higher and lower
moralities have been observed and measured route-specific mortality is influenced by an array of factors ranging
from the health and species of the test fish, to the performance characteristics and working condition of the system
being studied and environmental conditions.

* This study was conducted at McNary Dam; estimates of delay for individual fish ranged from 0 to 172 hours in this
study.
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In the 1980s and 1990s, seven of the eight FCRPS dams lying in the migratory path of Snake
River juvenile salmon and steelhead were equipped with turbine intake screen systems that
divert, depending on the species, 45-90% of the fish away from turbine entry and into bypass
system channels. These bypass systems allow migrants to be collected for transport downstream
to below Bonneville Dam or released back to the river. Contemporary mechanical screen bypass
systems are vastly improved compared to the original systems that operated during the 1970s and
early 1980s, based on recent low rates of descaling, injury, and system mortality. At present,
estimates of mortality through these passage routes are usually low, typically less than 2 percent
(Ferguson et al. 2005). As an example, Ferguson et al. (2007) summarized the impacts of the old
juvenile bypass system in powerhouse two at Bonneville Dam (significant mortality, injury, and
descaling as well as elevated stress indicators), and found that the new bypass system had high
survival rates, virtually no injuries, little delay (compared to water particle travel times), and
only mild indications of stress. However, outfall locations and dam configuration and operations
remain important considerations for maximizing the survival of juvenile salmonids that are
bypassed back to the river below dams. For instance, Perry et al. (2007) found that at McNary
Dam in 2005, juvenile mortality associated with the bypass system occurred through predation
downstream of the tailrace release outfall (where conditions allowed predators to exploit a point-
source stream of bypassed migrants).

Sandford and Smith (2002) found that comparisons of SARs from in-river migrants with
different juvenile migration histories showed that, for some stocks in some years, multiply
bypassed fish returned at significantly lower rates than fish that were never detected in a bypass
system. Most data from the 1995 through 1998 outmigrations indicated that multiple bypassed
spring-summer Chinook salmon and hatchery steelhead had lower SAR than those not detected
at collector dams. Budy et al. (2002) interpreted this as direct evidence that fish passing through
bypass systems suffered “delayed” mortality. However, in more recent data, SARs did not differ
for wild steelhead (2000 outmigration) or wild Chinook salmon (1999 and 2000 outmigrations)
(Williams et al. 2005). Thus, “delayed” mortality resulting from juveniles passing through one or
more bypass systems may occur in some, but not in all years (Williams et al. 2005). Although
little empirical evidence exists at present to support or refute any mechanistic hypotheses that
might explain these results, Williams et al. (2005) posited that differential size selection, possible
inherent differences in the “quality” of fish using the bypass systems, and delayed passage (in
each case, compared to fish using other passage routes) provided a mechanistic foundation for
explaining the differences in return rates of fish multiply bypassed versus those that were not.

In recent years, operational improvements and passage route configuration changes at several of the
dams have reduced juvenile mortality and injury rates. The proportion of water released through
spillways has increased at most of the dams, resulting in a higher proportion of the migrants passing
through these routes. Spilling water for fish (also termed voluntary spill) has been increasingly
provided on a 24-hour basis during the juvenile migration at most FCRPS dams in the migratory
corridor. (Water is also spilled when flows are higher than needed for turbine operation; an operation
termed involuntary spill.)
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All dams in the mainstem migratory corridor have multi-gated spillways that use either vertical lift or
radial gates that open 15 to 18 meters below the usual reservoir surface. To pass via the spillway,
smolts, which have a tendency to migrate within several meters of the water surface, must sound
(dive) to locate spillway entrances. A reluctance to sound during daylight hours tends to increase
juvenile delay in the forebays.

Surface passage routes increase spill effectiveness (spill effectiveness is the proportion of fish passing
a project via spillways divided by the proportion of total project flow that is spilled). Surface bypass
structures are currently used at five of the eight Corps dams on the lower Columbia and Snake Rivers.
Three types of surface bypass structures are installed — removable spillway weirs (RSWs), temporary
spillway weirs (TSWs), and surface bypass channels, including existing ice and trash sluiceways.

Spillway Weir in Operating Pnsl!!!'! n..

Figure 5.1-1. Cross-section view of a removable spillway weir in its operating position.

One spillway bay at both Lower Granite and Ice Harbor dams has been fitted with an RSW which
converts the spill bay into an overflow weir. At McNary Dam two spill bays have been fitted with
temporary spillway weirs. At The Dalles Dam, a trash sluiceway system at the powerhouse is operated
throughout the migration season to attract fish away from the powerhouse via surface flow. At
Bonneville Dam, the powerhouse 2 trash sluiceway was modified to serve as a corner collector to pass
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juvenile salmon. Corner collectors, providing similar benefits have been installed at Rocky Reach
Dam (owned by Douglas County Public Ultility District). When properly configured, these surface
passage routes are proving to be the safest and quickest passage routes for juveniles through the
forebays and dams (Plumb et al. 2003 and 2004; Ferguson et al. 2005; Axel et al. 2007; Ogden et al.
2007).

Restoring and improving fish passage is one of NOAA Fisheries’ primary recovery strategies and
through hydropower licensing proceedings, NOAA Fisheries recently obtained new and improved
passage at several facilities in Columbia Basin tributaries (e.g., Lewis River Project on the Lewis
River, Cowlitz, Pelton Round Butte on the Deschutes, and others). Where appropriate, the effects of
these new passage facilities are included in the analysis of anticipated effects of the environmental
baseline (Chapter 8 of this document).

Transportation Program

Following a decade of research that led to the conclusion that in most cases, the average adult return
rates of predominantly stream-type salmonids (spring/summer Chinook and steelhead) that were
transported as juveniles exceeded the return rates of fish that migrated in-river, the Corps began large-
scale juvenile transportation as a management measure in 1975 (Ebel 1980; Ebel et al. 1973; Mighetto
and Ebel 1994). Currently, fish collection and transportation systems are operated seasonally at Lower
Granite Dam, Little Goose Dam, Lower Monumental Dam, and McNary Dam. Most transported fish
are barged to release points downstream from Bonneville Dam. When collection numbers become too
small for barging to be cost-effective, collected fish are transported via truck. Approximately 60-90%
of spring migrating smolts (spring/summer Chinook and steelhead) in the Snake River basin are
transported annually (Table 5.1-1), although almost all fish (99%) were transported during the low
water year conditions of 2001 (Williams et al. 2005). In 2007 transport rates were estimated to be
much lower (about 25% for wild and hatchery yearling Chinook salmon and about 41% for wild and
hatchery steelhead) (Smith 2008).

Recent data show that the effectiveness of transportation, in terms of the ratio of returning adults
to transported juveniles (termed smolt-to-adult return ratio or SAR) from the Snake River, varies
among species, season, and collection location (Williams et al. 2005; Scheuerell and Zabel
2007). In general, the SARs of both transported and in-river migrating Snake River spring
Chinook and steelhead tend to decrease after early May (day of arrival below Bonneville Dam).
For steelhead, SARs of transported fish are typically equal to or higher than those of the
surviving in-river migrants arriving downstream of Bonneville Dam (transport-to-in-river SAR
ratios > 1.0). For spring Chinook salmon, SARs of surviving inriver migrating fish are often
substantially higher in early to mid May than those of transported migrants arriving downstream
of Bonneville Dam (transport-to-in-river SAR ratios < 1.0). However, in late May and June, the
differences are generally diminished such that SARs are nearly equal (transport-to-in-river ratios
~1.0).
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Table 5.1-1. Estimated combined annual percentage of the non-tagged yearling Chinook salmon
and steelhead populations transported from Lower Granite, Little Goose, Lower Monumental, and
McNary dams. (Williams et al. 2005)

Chinook Steelhead
Year Wild Hatchery Wild Hatchery
1993 88.5 88.1 93.2 94.7
1994 87.7 84.0 91.3 82.2
1995 86.4 79.6 91.8 94.3
1996 71.0 68.7 79.8 82.9
1997 71.1 71.5 87.5 84.5
1998 825 814 88.2 87.3
1999 85.9 77.3 87.6 88.5
2000 70.4 61.9 83.9 81.5
2001 99.0 97.3 99.3 96.7
2002 72.1 64.2 75.2 70.4
2003 70.4 61.5 72.9 68.4

5.1.2.2 Adult Dam Passage

Unlike downstream migrating juveniles, there is no indication that reservoirs substantially delay adult
upstream migration (Ferguson et al. 2005).

Adult fish passage, in the form of fish ladders, is provided at the eight mainstem FCRPS projects in
the lower Snake and lower Columbia rivers and the five mainstem Federal Energy Regulatory
Commission (FERC)-licensed projects in the mid-Columbia reach. In general, adult passage facilities
are highly effective. Nonetheless, salmon may have difficulty finding ladder entrances, and fish also
may fall back over the dam, either voluntarily (e.g., adults that “overshoot” their natal stream and
migrate downstream through a dam of their own volition), or involuntarily, being entrained in
spillways after exiting a fish ladder. Some adults that fall back or migrate downstream, pass through
project turbines and juvenile bypass systems. Adult mortality rates have been estimates (or calculated
using engineering principles) at between 22% and 59%, depending on the species and size of the
individual fish (larger fish are more likely to contact a turbine blade, etc.) (Ferguson et al. 2005). The
survival of adults through juvenile bypass systems is even less well known. It is logical to assume that
survival rates would be much higher through these systems than through turbine units, and indeed,
with the possible exception of passage through the 14” to 16 gatewell orifices, conditions within
these systems should be easily navigable by adults.
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Kelts

Unlike other Pacific salmonids, a large fraction of the adult steelhead do not die after spawning and
instead attempts to migrate back to the Pacific Ocean. Termed kelts, very few of these post-spawn
adult steelhead survive downstream passage through the hydrosystem to return and spawn again.
Estimates of FCRPS passage survival ranged from 4.1-6.0% in the low flow year 2001 to 15.6% in
2002, and 34% in 2003 (Boggs and Peery 2004; Wertheimer and Evans 2005). Median forebay
residence times for steelhead kelts at The Dalles and Bonneville dams during no spill were 9.6 and 8.0
hours, respectively. During spill, their times in the forebay at the same dams were 1.3 and 3.0 hours,
respectively (Wertheimer and Evans 2005). Steelhead also reacted strongly to spill at John Day, and
The Dalles with more than 90% of kelts passing via non-turbine routes during periods when spill was
at or above 30% of total project discharge. Maximizing non-turbine passage of kelts is important
because the survival of kelts passing via turbines, while not well known, is considered to be low
because turbine passage survival tends to be lower for large fish than small fish (see discussion
above). At present, juvenile collection and bypass systems are not designed to safely pass adult fish.

The importance of repeat spawning kelts to steelhead populations varies widely, with the fraction of
repeat spawners in spawning steelhead populations ranging from 1 to 51% (Wertheimer and Evans
2005). Boggs and Peery (2004) cite an estimated 2% kelt rate for the Clearwater River in 1954. It is
estimated that 17-25% of the steelhead run that pass Lower Granite Dam, return downstream as kelts
(Boggs and Peery 2004; Wertheimer and Evans 2005). Thus, while there is a relatively large number
of kelts present, their relatively poor survival through the FCRPS may limit the contribution that they
can make to steelhead populations.

5.1.3 Mainstem Hydrologic Conditions

Flow regulation, water withdrawal, and climate change have reduced the Columbia River’s average
flow, altered its seasonality, and reduced sediment discharge and turbidity (NRC 1996; Sherwood et
al. 1990; Simenstad et al. 1982 and 1990; Weitkamp 1994). Annual spring freshet flows through the
Columbia River estuary are about one-half of the pre-development levels that flushed the estuary and
carried smolts to sea (Figure 5.1-2). Total sediment discharge is about one-third of nineteenth-century
levels. For example, large-scale U.S. and Canadian reservoir storage and flow regulation that began in
the 1970s reduced the 2-year flood peak discharge, as measured at The Dalles, Oregon, from 580,000
cfs to 360,000 cfs (Corps 1999).
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Figure 5.1-2. Simulated mean monthly Columbia River flows at Bonneville Dam under current
conditions and flows that would have occurred without water development (water years 1929 —
1978. Source: Current Condition Flows — Bonneville Power Administration, HYDSIM model run
FRIIl_07rerun2004biop.xls; Pre-Development Flows — USBR (1999) Cumulative Hydrologic Effects
of Water Use: An Estimate of the Hydrologic Impacts of Water Resource Development in the
Columbia River Basin.
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Flow affects juvenile migrant travel time and the distribution of fish among the various routes of dam
passage. In general, the lower the flow through the series of FCRPS reservoirs, the longer the travel
time of outmigrating juveniles that migrate in-river.” The longer juveniles remain in project
reservoirs, the greater their exposure to predation, elevated temperatures, disease, and other sources of
mortality and injury.

Recognizing that the flow versus survival relationships for some ESUs displayed a plateau over a
wide range of flows but declined markedly as flows dropped below some threshold (NMFS 1995b),
NOAA Fisheries and the FCRPS Action Agencies have attempted to manage Columbia and Snake
River water resources to maintain seasonal flows above those objectives (Table 5.1-2). This has been
accomplished by avoiding excessive drafts going into the spring to minimize the flow reductions
needed to refill the reservoirs and by drafting the storage reservoirs during the summer to augment
flows. These flow objectives have guided preseason reservoir planning and in-season flow

® At lower river flows a higher proportion of some ESUs is collected and transported thereby avoiding the delay
associated with in-river hydrosystem passage.
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management with the understanding that their achievement depends on the water resources available
in a given year.

Table 5.1-2. Snake and Columbia River flow objectives for operating the FCRPS since 1995.
(Source: NMFS 1995a)

Location Spring (in Summer (in The longer juveniles remain in the project

kcfs) kcfs) reservoirs, the greater the potential that they will
Lower 85-100 a 50-55 a stop migrating.® Dam operating protocols designed
Granite to improve fish passage survival are often defined in
McNary 220-260 a 200 terms of streamflow criteria. For example, under

current operations, at spring flows of less than
85,000 cfs at Lower Granite Dam, the spill rate and
a. flow objective varies with anticipated runoff duration are reduced. Spillways are usually the
volume safest route of juvenile dam passage (Ferguson et al.
2005) and at lower total river flows, fewer migrants

Priest Rapids |135

pass via project spillways.

Decreased spring flows and sediment discharges have also reduced the size, speed of movement,
thickness, and turbidity of the plume that extended far out and south into the Pacific Ocean during the
spring and summer (Cudaback and Jay 1996; Hickey et al. 1997). Changes in estuarine bathymetry
and flow have altered the extent and pattern of salinity intrusion up the Columbia River and have
increased stratification and reduced mixing (Sherwood et al. 1990).

In summary, combined with the influence of reservoirs behind the dams within the migratory corridor,
reductions in spring and early summer flows slow juvenile fish emigration, increases their exposure to
injury and mortality factors within the reservoirs (e.g. predation, temperature stress, disease, and
others), and changes ocean-entry timing (see Section 5.1.3.1 for further detail). These flow reductions
also reduce turbidity, which has also been shown to reduce juvenile survival (see Section 5.1.4.2).
Flow-related changes in estuary bathymetry likely reduce juvenile rearing habitat, significant
primarily to lower river populations and ESUs (e.g., LCR Chinook).

5.1.3.1 Mainstem Effects of Reclamation’s Irrigation Projects in the Columbia Basin

In total, Reclamation’s 23 irrigation projects in the Columbia basin reduce the annual runoff volume at
Bonneville Dam by about 5.5 Maf (Table 5.1-3).” These depletions occur primarily during the spring
and summer as the reservoirs are refilled and as water is diverted for irrigation and are incorporated

% The propensity to residualize varies between species. Steelhead are generally the most likely to residualize,
followed by fall Chinook. Spring and summer Chinook seldom residualize. Residual sockeye are known in Sawtooth
Valley lakes, but not the mechanisms (genetic and environmental) that lead to this form. In recent years some
returning adult SR fall Chinook have displayed evidence of over-wintering in fresh water, indicating that some SR
fall Chinook stop migrating during the summer and do not die or residualize, but complete their migrations the
following spring (Section 5.1.4.1).

’ Table 5.1-3 does not include the effects of all Reclamation reservoir operations. The hydrologic effects of
Reclamation’s multi-purpose FCRPS reservoir operations are not included.
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into the juvenile passage modeling for the interior species. These hydrologic effects are included in
the hydrologic analysis conducted for this consultation.

Spring flow reductions have both beneficial and adverse effects on fish survival. During above
average water years, flow reduction during reservoir refill reduces involuntary spills. High rates of
involuntary spill are known to cause undesirable TDG conditions in the migratory corridor. This
beneficial effect is small as the amount of flow attenuation provided by Reclamation project
operations is generally too small to greatly affect the magnitude and duration of involuntary spill
events below Hells Canyon in Chief Joseph dams.

Flow depletions associated with Reclamation’s projects contribute to juvenile migration delay and
decrease juvenile migrant survival. These mainstem survival effects are captured in the juvenile
migrant survival modeling (i.e., COMPASS modeling).

In addition to these mainstem flow effects, several of these projects below Hells Canyon and Chief
Joseph dams may affect listed salmonids in the tributary streams where the project is located or where
Reclamation’s irrigation return flows occur. Supplemental consultations have been completed, are
now underway, or are scheduled to begin for each of Reclamation’s projects with tributary effects. For
example, NOAA Fisheries completed a supplemental biological opinion for the Umatilla Irrigation
Project dated April 23, 2004, in which these tributary effects are analyzed.
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Table 5.1-3. Average flow reduction effects of Reclamation’s irrigation projects in the Columbia basin (in cfs) "

Project ~ Oct  Nov  Dec Jan Feb Mar Apr May Jun Jul Aug  Sep
Upper Columbia River
Columbia Basin Project
(CBP) -2,779  -293  -548 48 201 -1,404 -6,058 -6,971 -7,061 -7,464 -6,039 -6,129
Return Flows at Wanapum 64 53 47 41 38 33 48 43 45 51 60 70
Return Flows at Priest Rapids 278 126 108 94 73 122 244 202 231 245 269 307
Columbia Basin Project effects

at Priest Rapids -2,437  -114  -393 183 312 -1,249 -5,766 -6,726 -6,785 -7,168 -5,710 -5,752
Chief Joseph Dam Project -2 0 0 0 0 0 -10 -64 -138  -190 -112 -22
Okanogan Project -4 -6 -8 -7 -8 -11 -43 -87 -65 -15 10 10
Sum of effects at Priest Rapids ~ -2,443  -120  -401 176 304 -1,260 -5,819 -6,877 -6,988 -7,373 -5,812 -5,764
Yakima Project -300  -800 -750 -650 -700 -1,100 -2,900 -4,300 -2,600 -200 1,550 1,600
Umatilla Phase II Pump

Exchange -62 0 0 0 0 0 -2 -8 -47  -137  -146 -96
Snake River
Upper Snake River above

Brownlee Reservoir -329 4,805 -5,174 -2,031 -2,910 -4,793 -5,794 -11,972 -9,523 1,922 3,822 3,352
Sum of effects at Lower Granite -329 -4,805 -5,174 -2,031 -2910 -4,793 -5,794 -11,972 -9,523 1,922 3,822 3,352
Lower Columbia River
CBP Return Flows at McNary 534 386 312 236 228 309 432 432 475 470 512 550
CBP Blocks 2 and 3 -25 0 0 0 0 -9 -38 -50 -62 -70 -63 -25
Sum of effects at McNary -2,625 -5,339 -6,013 -2,269 -3,078 -6,853 -14,121 -22,775 -18,745 -5,388 -137  -383
Percent of Columbia River
Flows <l 4.7 4.4 1.6 2.3 3.9 4.4 6 4 <l 3.3 4.7
Umatilla Phase I Pump Exchange -32 0 0 0 0 5 10 2 -52 -19  -138 -50
Umatilla Project 196 -5 -186 -244  -314 91 -27 51 129 -26 36 135
Deschutes, Crooked River, and -413 -450 434 410 -212 -757 -514  -166 -57 31 144 -53
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Project * Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug  Sep
Wapinitia Projects
The Dalles Project -4 0 0 0 0 0 -7 -27 -37 -47 -38 -22
Sum of effects at Bonneville -2,878 -5,794 -6,633 -2,923 -3,604 -7,514 -14,659 -22,915 -18,762 -5449 -133  -373
Tualatin Project 24 -103 -58  -170  -178 -75 -40 -13 14 68 94 97
Sum of effects at Columbia
River mouth -2,902 -5,897 -6,691 -3,093 -3,782 -7,589 -14,699 -22,928 -18,748 -5,381 -39 -276

""Negative values imply a flow reduction due to Reclamation activities. Natural flow diversions would still occur without Reclamation.
' Sources: Corps et al. 2007a (Comprehensive Analysis, Appendix B, Tables B-5 and B-10),
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5.1.4 Mainstem Water Quality

Water quality characteristics of the mainstem Snake and Columbia Rivers are affected by an array of
land and water use developments. Water quality characteristics of particular concern are: water
temperature, turbidity, total dissolved gas, and chemical pollutants.

5.1.4.1 Water Temperature

Water development influences water temperatures through storage, diversion, and irrigation return
flows. Changes in water temperatures can have significant implications for anadromous fish survival.

Comparisons of long term temperature monitoring in the migration corridor before and after
impoundment reveal a fundamental change in the thermal regime of the Snake and Columbia rivers.
Using historical flows and environmental records for the 35 years period from 1960 to 1995, one
recent study compared water temperature records in the Lower Snake River with and without the
lower Snake River dams (Perkins and Richmond 2001).* As shown in Figure 5.1-3, there are three
notable differences between the current and the unimpounded river:

* the maximum summer water temperature has been slightly reduced,
= water temperature variability has decreased, and

= post-impoundment water temperatures stay cooler longer into the spring and warmer later into the
fall. The latter phenomenon is termed thermal inertia.

Thermal inertia is of particular biological significance as it may, depending upon the specific species
in question, affect adult migrations, spawn timing and juvenile emergence, rearing, and outmigration
timing, as described below.

* NOTE: Significant land use practices, including the development of a large number of water storage and diversion
projects had already occurred by the 1960s. This graphic does not attempt to imply that the unimpounded river
scenario can be equated to pre-development.
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Figure 5.1-3. Median daily Snake River water temperatures (°C) at Ice Harbor Dam before and after
development of the four lower Snake River projects (20°C denotes Washington Department of
Ecology standard).

lce Harbor Dam (SRKM 2.5) A .
25 ' , . . . Biological Effects

High water temperatures
stress all life stages of
anadromous fish, increase
the risk of disease and
mortality, affect
toxicological responses to
pollutants, and can cause
migrating adult salmon to
stop or delay their
migrations. Warm water
temperatures also increase
the foraging rate of
predatory fish thereby increasing the consumption of smolts. Though the duration and magnitude of
high water temperatures in the migratory corridor is generally less under current, developed conditions
than prior to water development, some juvenile fish are exposed to these conditions for a longer period
of time due to the substantial increase in travel time.
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In 2003, EPA collaborated with NOAA Fisheries and other regional resource managers in the
preparation of guidance