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The key points covered in more detail in this summary are:
•

•

•
•

•

•

•

•

•
•

•

This summary is intended to gather information about current dams and dam operations in
the mainstem Columbia River in the U.S., their potential risks and benefits, and to
summarize what actions have occurred that directly address risk factors or recovery actions
identified in the Upper Columbia Spring Chinook Salmon and Steelhead Recovery Plan
(Recovery Plan).
The Columbia River hydroelectric system includes 11 major dams in the U.S., as well as
various projects in subbasins of the Columbia. This complex system manages water for
power production, flood control, irrigation and many other objectives.
Billions of dollars have been spent on spill and structural changes along with addional costs
of monitoring and mitigating hydropower impacts.
The nine dams below Chief Joseph Dam create migratory impediments for Upper Columbia
spring Chinook and steelhead as they travel to and from the ocean. Three of the midColumbia PUD dams also affect movement of adfluvial bull trout in the river.
Currently, there is no anadromous fish passage above Chief Joseph Dam, located on the
Columbia River 12 miles upstream of the Okanogan River confluence. The completion of this
dam and Grand Coulee Dam led to the loss of nearly 10,000 square miles of habitat, roughly
55% of the historic habitat available to Upper Columbia spring Chinook and steelhead.
The Columbia River dams form almost continuous reservoirs over what was once a large
free-flowing river system. The development of the hydrosystem has significantly changed
the riverine ecosystem. These changes may negatively or positively affect migrating adult
salmon and steelhead, overwintering summer steelhead, some populations of rearing spring
Chinook, and foraging and overwintering subadult bull trout.
Current estimates for Upper Columbia spring Chinook and steelhead indicate that 40-50%
of juveniles migrating downstream (to Bonneville Dam tailrace) and 75-80% of adults
migrating upstream survive their migration through the hydrosystem.
Survival of juveniles and adults as they migrate through the reservoirs and dams is affected
by numerous environmental and hydrosystem-related factors. Management of the
hydrosystem pertains not just to survival through the dams but also survival through the
reservoirs that connect them.
Predation by birds, fish, and pinnipeds at dams and in reservoirs is a substantial factor for
mortality of juvenile and adult salmon and steelhead in the mainstem Columbia River.
Most survival standards for passage of juvenile and adult survival are being met as
described in the 2008 Federal Columbia River Systems (CRS) Biological Opinion (BiOp), the
mid- Columbia Habitat Conservation Plans, and the Priest Rapids Project Salmon and
Steelhead Settlement Agreement. Improvements in survival are due to improvements and
upgrades in hydrosystem facilities and operations.
Although much progress has been made to better understand and improve mainstem
Columbia migration survival, uncertainties remain that must be considered in future
management of the hydrosystem as they pertain to recovery of listed species in the Upper
Columbia.
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The Hydropower Background Summary is part of a series of documents summarizing the major
management programs and their reported outcomes related to management and recovery of listed
Upper Columbia River (UCR) salmon and steelhead. The development of “All-H” background
summaries (Habitat, Hatchery, Hydropower and Harvest) is part of a larger Integrated Recovery
Approach that the UCSRB adopted in 2017. The long-term goal of the UCSRB is to achieve recovery
of UCR spring Chinook salmon and steelhead, which will require coordinated actions in all
management sectors affecting salmon. The UCSRB is engaging and collaborating with managers
across the Columbia River System to identify issues and uncertainties that relate to long-term
recovery. The background summaries serve an integral part of this process as a vehicle for
compiling and synthesizing complex information that can be used to inform dialogue and progress
toward achieving these overarching goals of recovery.
The background summary documents are intended to support “All-H” collaboration and can be
used: a) to improve integrated decision-making; b) as a communication and outreach tool; c) to
identify key uncertainties and gaps in knowledge and understanding; and d) to better track and
understand progress toward integrated recovery. These documents are based on scientific
information and data compiled from a variety of entities working within each sector. The first two
documents in this series, the 2014 Habitat Background Summary and 2017 Hatchery Background
Summary, are available at www.ucsrb.org. This summary provides background and information on
hydropower projects in the mainstem Columbia River, with a focus on how they impact listed UCR
steelhead spring Chinook. The report also examines to a limited extent how hydropower affects
listed bull trout in the Upper Columbia.
Since long before spring Chinook and steelhead were listed in the Upper Columbia in the late 1990s,
science has informed dam operators and engineers on how to minimize risk to salmon and
steelhead. As more is learned about fish passage, including development of new technologies, dam
facilities have been upgraded and management refined. This summary is intended to gather
information about existing dams and dam operations in the mainstem Columbia River, their
potential risks and benefits, and to summarize what actions have occurred that directly address
risk factors or recovery actions identified in the Upper Columbia Spring Chinook Salmon and
Steelhead Recovery Plan (Recovery Plan).
Today there are 14 dams on the mainstem Columbia River: three in Canada, and 11 in the United
States. This report focuses on hydropower facilities in the U.S.-portion of the mainstem Columbia
River that affect UCR listed fish species, although storage dams in Canada regulate flows
downstream to the U.S. portion of the Columbia River. Mainstem Columbia River dams manage the
river for the purposes of generating power, flood protection, irrigation, recreation, and water
storage. Optimizing safe passage of listed salmon and steelhead is only one of these many important
objectives. Dam operators must manage flow and pool levels for these multiple, often competing,
objectives. Operation of the dams is guided by different laws, agreements, plans, and
recommendations. The mid-Columbia PUD Habitat Conservation Plans (HCPs), Grant PUD’s
Settlement Agreement, Federal Energy Regulatory Commission (FERC) licenses, Biological Opinions
(BiOps), Priest Rapids Salmon and Steelhead Settlement Agreement (SSSA), state laws, court orders,
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and other agreements and obligations either mandate or provide guidance on hydropower
operations on daily, seasonal, annual, and longer time periods.
UCR steelhead and spring Chinook
populations can pass through up to nine
mainstem hydroelectric dams on the
Columbia River during juvenile
outmigration, and again as returning
adults (Figure 1). Populations of spring
Chinook and steelhead in the Okanogan
and Methow subbasins pass through
nine dams, populations in the Entiat
subbasin pass through eight dams, and
those in the Wenatchee subbasin pass
through seven mainstem dams on the
Columbia River. Upper Columbia
migrant bull trout also move through the
mainstem dams. Hydroelectric projects
within tributaries of the Upper Columbia
Basin include Trinity, Tumwater,
Dryden, Lake Chelan, and Enloe dams.
Only the Lake Chelan Hydroelectric
Project and Trinity (a small project on
Phelps Creek) are currently generating
electricity - the other projects have been
Figure 1: Major dams on the Columbia River (NPCC 2014)
decommissioned. There are several
dams within the Wenatchee, Methow, and Okanogan subbasins that function as irrigation
diversions and are not included in this report.
According to research on the impacts of hydropower facilities and operations; there are five major
habitat factors affected by dams: availability of habitat, upstream and downstream fish passage,
ecosystem structure and function, flows, and water quality. Fish incur some level of “passage
mortality” as they migrate upstream through any system, but for Upper Columbia River stocks, they
pass upstream of up to nine dams via fish ladders or downstream through spillways (deep and
surface spill), turbines, and/or bypass systems. These losses involve direct physical injury due to
mechanical or hydraulic conditions at the dam, and indirect mortality associated with reservoir
conditions and fish condition after passage (e.g. reservoir predation and dissolved gas). Reduced
water quality may increase environmental stress in migrating salmonids, delaying migration and
decreasing survival (Salinger & Anderson 2006). Passage through multiple dams may compound
the effects of environmental stressors and increase susceptibility to predation. In addition to
blockage of habitat and effects of dams on fish passage, dams create reservoirs, or pools, which
affect both juvenile and adult habitat in the Columbia. The changing climate in the Pacific Northwest
may exacerbate these effects and impact the survival of migrating UCR salmon and steelhead (Jager
et al. 2018).
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At dams downstream of Chief Joseph Dam, immense efforts have been made to improve passage for
juveniles and adults. It is expected that dam operations will continue to improve migration survival
in the future. This summary does not speculate as to what those improvements may be, but rather
provides context for the evolution of hydropower in the basin, and summarizes current
hydropower operations. Understanding the relative role that changes to mortality related to
migration through the hydropower system can play in achieving recovery or viability goals is a
critical component of crafting and implementing a robust recovery strategy (ICTRT and Zabel et al.
2007).
Nine mainstem dams in the U.S. portion of the Columbia River provide upstream and downstream
fish passage; however, Grand Coulee and Chief Joseph dams do not have fish passage facilities and
therefore populations of anadromous fish upstream of River Mile 545 were extirpated when those
dams were built (1942 and 1955, respectively). The blocked habitat above Chief Joseph Dam
constitutes 55% of the historic range of UCR spring Chinook and steelhead (Figure 2). Efforts are
currently underway exploring reintroduction of anadromous fish into this blocked habitat.

Figure 2. Upper Columbia spring Chinook ESU and steelhead DPS boundaries and lost habitat due to dams.

Although much progress has been made to better understand and improve mainstem Columbia
migration survival, uncertainties still exist that must be considered. Project survival can, in many
cases, be extremely difficult to assess and even more difficult to tie specifically to dam operations.
In addition to the uncertainties related to project survival, there is on-going debate about the
appropriate means by which to improve survival. The complexity of debated issues primarily
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relates to balancing dam operations for fish migration while satisfying multiple public purposes
that meet the needs of the region’s growing population, including reliable power and maintaining
safety (e.g., navigation, flood control). As with other management sectors, the relative importance of
these factors may be weighted differently by entities having different technical perspectives,
management objectives, and public policy responsibilities. Accordingly, it is difficult to objectively
judge the merits of various management policies that attempt to strike their own balances between
the risks and benefits of operations decisions.

The strategy of the Upper Columbia Salmon and Steelhead Recovery Plan (Recovery Plan) is to
recommend goals, objectives, and actions that address the primary factors within each “H”
(Hydropower, Hatchery, Harvest, and Habitat) that limit the abundance, productivity, spatial
structure, and diversity of naturally produced spring Chinook, steelhead, and bull trout in the Upper
Columbia Basin. Each action is linked directly to a specific limiting factor. Recommended actions
within the hydropower system are intended to increase survival of juveniles and adults passing
through dams and reservoirs.
The Recovery Plan incorporates actions from several different regional implementation strategies.
Habitat actions were selected from other plans (e.g., Northwest Power and Conservation Council
Subbasin Plans, watershed plans, Wy-Kan-Ush-Mi Wa-Kish-Wit [Spirit of the Salmon], The Tribal
Fish Recovery Plan, the U.S. Fish and Wildlife Services (USFWS) Bull Trout Draft Recovery Plan,
modeling, public input, and the best available science. These actions are believed to represent a
sound scientific approach based on available information and tools, address the range of known
threats, and are feasible within the known constraints of the Upper Columbia.
The Recovery Plan identifies actions specific to the five dams in the Upper Columbia Evolutionarily
Significant Unit/Distinct Population Segment (ESU/DPS) for spring Chinook and steelhead (Wells
Dam, Rocky Reach Dam, Rock Island Dam, Wanapum Dam, and Priest Rapids Dam). No specific
recovery actions are identified for federal hydroelectric projects upstream from Wells Dam or
downstream from Priest Rapids Dam. However, the Recovery Plan recognized that recovery of
Upper Columbia stocks may depend upon changes in the operations of the federal dams. No actions
were identified for other hydroelectric dams and actions related to other non-generating dams
were covered under habitat actions.
The following objectives for hydroelectric projects apply primarily to the projects owned by the
PUDs. These objectives are consistent with the Anadromous Fish Agreement and HCPs, Federal
Energy Regulatory Commission (FERC) Licenses, Priest Rapids SSSA, relicensing agreements, and
Section 7 Consultations. These objectives are intended to reduce the threats associated with
hydroelectric development in the Upper Columbia Basin. The Recovery Plan established short- and
long-term objectives related to hydropower. Progress has been made to address these objectives
with improvements to survival and habitat conditions. This progress is more thoroughly discussed
later in this summary.
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Construction of the first dam to span the Columbia River, Rock Island Dam, began in January 1930
at the outset of the Great Depression. Located approximately 12 miles downstream of the city of
Wenatchee, Washington; the project was built to help satisfy the growing need for electricity in the
region.

Grand Coulee Dam site in 1933 just prior to construction. Photo courtesy of University of Idaho.

In the late 1930s to early 1940s, President Roosevelt’s New Deal was put into effect to boost the
economy and sparked an increase in the construction of hydropower projects in the U.S. Bonneville
Dam, completed in 1938, and Grand Coulee Dam, completed in 1941, were built as a result.
Bonneville Dam was constructed to improve river navigation in addition to creating electricity.
Grand Coulee Dam was designed as a high head-dam which would have a greater potential for
power production, as well as the higher elevation necessary to pump and store water for irrigation.
Although Rock Island and Bonneville Dams included adult fish passage, Grand Coulee Dam was too
tall to incorporate the fish ladder technology of the time. Consequently, Grand Coulee Dam blocked
access to all upstream spawning, rearing and migration habitat available to UCR spring Chinook and
steelhead.
Over the course of the next 30 years, eight additional dams were built on the Columbia River
between Bonneville Dam and Grand Coulee Dam. Although the increasing need for electricity was a
major motivating factor in the construction of many dams on the Columbia, a need for flood control
was another strong impetus. In 1948, a catastrophic flood destroyed the city of Vanport, Oregon;
causing mass evacuations and numerous deaths. Although the U.S. and Canada were already
discussing cooperative development and operation of water resources for hydroelectricity and
flood control, it wasn’t until 1964 that the Columbia River Treaty was finalized and implemented.
The treaty did not directly address the need for irrigation, navigation, or regulation of flows to
benefit salmon and steelhead migration. Congress recognized the need to reduce the potential
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impacts of dams on fish by implementing the Fish and Wildlife Coordination Act of 1934, amended
in 1946 and 1958, which required the prioritization of fish passage in the future planning and
building of federal dams.
In 1953, President Eisenhower made changes to U.S. power policy, encouraging local utilities,
rather than the federal government, to build new hydropower projects. Partnering with investorowned utilities, Public Utility Districts (PUDs) in central Washington took advantage of the new
policy, by building four non-federal dams on the upper Columbia River. The Bonneville Project Act
authorized transmission of power from non-federal dams, guaranteeing coordinated power
production in the Columbia River Basin.

Construction of Bonneville Dam in 1934.

In 1961, construction of Chief Joseph Dam, 30 miles downstream of Grand Coulee Dam, was
completed. Like Grand Coulee Dam, Chief Joseph Dam did not allow for adult or juvenile fish
passage. The completion of these two dams led to the loss of nearly 10,000 square miles of habitat,
which constituted 55% of the historic habitat available to UCR spring Chinook and steelhead.
Hatcheries and hatchery programs have been developed to mitigate for losses of fish production
associated with construction and operation of these, and other dams in the hydrosystem (see
UCSRB Hatchery Background Summary; UCSRB 2018).
From the late 1960s to the early 1980s, Congress passed a suite of acts that would eventually
benefit at-risk Upper Columbia River fish, including the Endangered Species Act (ESA, 1973). In
1967, the U.S. Army Corps of Engineers (USACE) began testing juvenile fish bypass systems.
Research and improvements have been made over the decades to improve upon juvenile fish
passage technology, and screens and/or bypass systems have been installed at many dams on the
Columbia River.
In 1980, the Northwest Power Act was signed into law, forming the Northwest Power Planning
Council (renamed the Northwest Power and Conservation Council, or NPCC, in 2003). The NPCC’s
first Fish and Wildlife Program was published in 1982 and recognized the impact of hydroelectric
facilities on juvenile fish passage, calling for the development of adequate bypass systems. Until
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those bypass systems were operational, the Fish and Wildlife Program called for the provision of
spill to provide passage for juveniles. This accelerated disagreements between operators,
regulators and fisheries agencies regarding spill. The publication of the NPCC’s Fish and Wildlife
Program in 1982 created a financial incentive to further develop juvenile fish bypass systems to
avoiding using spill as a primary means of juvenile fish passage, because increased spill decreases
electricity generation. In 1988, a ten-year spill program to achieve a fish passage efficiency goal was
developed at projects that were not equipped with adequate bypass systems (Fish Spill
Memorandum of Agreement; Dehart 2003). Listings of Columbia River salmon under the ESA led to
further development of spill management plans under the different versions of the BiOp.
FERC licenses for the Columbia River PUD-operated hydropower projects are issued for a period of
30 to 50 years. Between 1989 and 2012, these hydropower projects underwent the FERC
relicensing process which insures compliance of the projects with NEPA and other federal
regulations. Through this process, the FERC considered whether it was appropriate to commit river
resources for power generation; reviewing not only the power generation potential of the river, but
also protection of fish and wildlife, protection of recreational opportunities, and other aspects of
environmental quality.
Beginning in 1993, National Oceanic and Atmospheric Administration Fisheries (NOAA Fisheries)
issued a series of Federal Columbia River Power System (FCRPS) BiOps concerning BOR- and
USACE-operated dams on the Columbia River and their impact on the survival of several ESA-listed
fish species. Each BiOp issued by NOAA Fisheries was challenged in court by a variety of parties
including environmental organizations, state fish and wildlife agencies, Native American tribes,
electric utilities, and river-dependent industries.
After decades of development of policy, regulations, and agreements related to fish passage;
improvements have been made throughout the Columbia River hydrosystem to increase fish
survival. These improvements include installing and upgrading bypass facilities, spillway
modifications (e.g., downstream structural changes to spillway stilling basins to reduce TDG and
mortality associated with direct impacts, surface spill routes, revised spillway operations to surface
spill routes), upgrading adult ladders, upgrading turbines, and refining both turbine and spill
operations. The timeline below outlines the relevant key dates in the history of Columbia River
hydropower.
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The Columbia River Power System spans four states, includes 31 dams, impounds 55.3 million acrefeet, and produces about 60% of the regions generating capacity (BPA 2003). In the Upper
Columbia, there are five dams that are publicly owned and operated by the Grant, Chelan, and
Douglas County PUDs and are licensed by the Federal Energy Regulatory Commission (FERC). Table
1 lists the dams within the historic distribution of Upper Columbia listed fish species. The following
section described each of the hydropower projects.
Table 1. Dams along the Upper Columbia anadromous corridor. USACE= Army Corps of Engineers.
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Bonneville Dam is located at river mile 146.1 on the Columbia River, at the farthest reach of tide
from the Pacific Ocean, and is approximately 40 miles east of Portland, OR and six miles west of the
town of Cascade Locks, OR. Bonneville Dam is owned and operated by the USACE Portland District,
and power is marketed by BPA. The Bonneville pool, upriver of the dam, extends 45 miles upriver.
Construction of Bonneville Dam began in 1933 and it was commercially operational in 1938. It was
the first federal dam built on the Columbia River and, at the time of construction, was the largest
water impoundment project of its kind in U.S. (although the construction of Rock Island Dam, built
by Puget Power, a non-federal utility, was completed before Bonneville Dam). Construction of a
second powerhouse located on the north bank of the river occurred between 1974 and 1982. The
project consists of a complex system of concrete structures and islands and includes a series of 18
spillway gates and 20 Kaplan generator units, ten units in each powerhouse. The turbine generator
units have an installed capacity of 1,242 megawatts (MW), and an average annual net generation of
4,466,000 megawatt-hours (MW).
The Bonneville Project has four non-turbine routes for downstream juvenile fish migration: surface
passage via the First Powerhouse ice and trash sluiceway, the Second Powerhouse juvenile fish
bypass system, the Second Powerhouse corner collector (surface passage), and passage via the
traditional, deep gate openings of the spillway. Included in the original structure design as a way for
ice and other floating debris to move downstream of the First Powerhouse, the Bonneville Project
sluiceway has been operated since the late 1980s as a non-turbine surface-oriented route for
downstream-migrating juvenile fish. The sluiceway extends the length of the powerhouse at the
water surface and has entrances above each turbine unit which, when open; skim water, debris, and
downstream migrating fish into the sluiceway and through the outfall channel downstream of the
dam. The Bonneville Dam sluiceway does not have juvenile fish sampling facilities or equipment to
detect PIT tags in juvenile fish. The sluiceway is operated year-round for smolt and adult
downstream passage (e.g., steelhead that overshoot the dam and kelts). In 2010, the sluiceway was
modified to automate its operation, increase its flow capacity and provide safer fish passage
conditions. A larger percentage of fish pass the First Powerhouse via the turbines, all ten of which
were modernized with more fish-friendly minimum-gap runners during a major 10-year
powerhouse upgrade, completed in 2010. The juvenile bypass system at the Second Powerhouse
was installed in 1983, and significant improvements were made to this under-performing system
through 2001and again in 2008 to increase juvenile survival. The juvenile fish bypass system
utilizes a series of submerged screens and channels that route smolt away from turbines, through a
two-mile-long flume, and back to the river below the dam. Bonneville Dam’s juvenile fish bypass
system includes PIT tag detection devices and a juvenile monitoring facility, completed in 2000,
where information on smolt run-timing and composition is collected. The juvenile bypass system is
operated for fish passage between March 1 and November 30.
Between 1998 and 2004, the original ice and trash sluice chute at the Second Powerhouse was
modified to a non-turbine surface flow outlet providing passage to downstream migrating fish.
Named the “corner collector”; the facility utilizes the tendency of smolts to concentrate in an eddy
at the south end of Powerhouse Two. It does not require fish collection or attraction mechanisms.
Fish enter through the forebay, travel through a conveyance channel, and exit via an outfall one half
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mile downstream of the Second Powerhouse. The Bonneville Dam corner collector does not have
juvenile fish sampling facilities but does include a PIT tag detection system, installed in 2006. The
corner collector is operated for fish passage between mid-March and August 31; additional spill is
provided at the corner collector earlier in the spring season if kelt passage begins to peak before
juvenile downstream migration.
The Bonneville Project spillway has not been adapted with weirs or other additional modifications
for surface flow, due to the tidal influence in tailwater conditions. The dates for spill operations at
Bonneville Dam for juvenile downstream migration were determined using the historic juvenile fish
collection data from the Smolt Monitoring Program at Bonneville Dam. The dates for spill
operations are set at April 10 through August 31, to ensure a minimum of 96% average dam
survival of spring migrating fish and 93% survival of summer migrants (as required by the FCRPS
BiOp). The spillway does not have juvenile fish sampling facilities or equipment to detect PIT tags in
juvenile fish.
Adult passage facilities are operated year-round because upstream migrants are present at the
project throughout the year. Bonneville Dam has four adult fish ladders, one at each powerhouse
and one at each end of the spillway. The two fishway exits are located one at each powerhouse.
Each fish ladder is equipped with PIT tag detection devices and fish counting facilities, plus an exit
located at the north end of the spillway. Starting in the early 2000s through 2018, all fish ladders
were modified to better accommodate lamprey passage. Bonneville is the only USACE dam on the
mainstem Columbia with an adult fish monitoring facility. The adult fish facility (built in 1981 and
improved over time) is located at the Second Powerhouse, it contains equipment for sorting and
trapping fish for regional monitoring efforts. Adult and subadult fish are counted visually 16 hours
per day (5am to 9pm) between April 1 and November 30; and during peak migration season from
May 15 through September 30, fish are also recorded at night via video. From December 1 to March
31, when adult migration numbers are lower, fish passage is recorded and counted with video
technology from 4am to 8pm.

The Dalles Dam is located at river mile 191.5 on the Columbia River, and is approximately two miles
east of the town of The Dalles, OR. The Dalles Dam is owned and operated by the USACE, and power
is marketed by BPA. The Dalles pool, upriver of the dam, is 24 miles in length. This impoundment
submerged Celilo Falls, the economic and cultural hub of Native Americans in the region - the
village of Celilo, the oldest continuously inhabited settlement in North America, existed with native
fishing platforms and ancient petroglyphs. Construction of the project began in May of 1952 and
fourteen units were completed by 1957, with eight additional units completed by 1973. The Dalles
Project includes a series of 23 spillway gates and 22 Kaplan turbine generator units with a
nameplate capacity of approximately 1,780 MW. The Dalles Project’s average annual net generation
is 8,961,000 MW.
The Dalles Project has two non-turbine routes for downstream juvenile fish migration: passage via
the ice and trash sluiceway, and passage via the spillway (traditional deep-opening gates). Included
in the original structure design as a way for ice and other floating debris to move downstream, The
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Dalles Project sluiceway has been operated since the early 1980s as an effective non-turbine
surface-oriented route for downstream migrating juvenile fish. The sluiceway is a channel that
extends the length of the powerhouse at the water surface with gated entrances above each turbine
unit. When entrances are open; water, debris, and migrating fish are skimmed into the sluiceway
and pass through the sluiceway outfall channel downstream of the dam. The sluiceway is operated
for smolt passage between March 1 and December 15 (dates of operation expanded in 2011). There
is no juvenile fish monitoring at The Dalles Dam, as the sluiceway does not have juvenile fish
sampling facilities or equipment to detect PIT tags in juvenile fish. The Dalles Project spillway was
adapted in 2004, and again in 2010 to include two training walls downstream of the dam to direct
smolt to the deepest part of the river channel; the spillway has not been adapted with weirs or
other modifications for surface flow. The dates for spill operations at The Dalles Dam for juvenile
downstream migration were determined using the historic juvenile fish collection data from the
Smolt Monitoring Program at Bonneville Dam. The dates for spill operations are set at April 10
through August 31, to ensure a minimum of 96% average dam survival of spring migrating fish and
93% survival of summer migrants (as required by the FCRPS BiOp).
Adult passage facilities are operated year-round because upstream migrants are present at the
project throughout the year. The Dalles Dam has two conventional staircase-type adult fish ladders,
one on each end of the dam; the north fishway has one entrance and the east fishway has three
separate entrances and includes a series of collection and transportation channels. Each fish ladder
is equipped with PIT tag detection devices and fish counting facilities but does not include
equipment for sorting and trapping adult fish. Beginning in 2012, fish ladders were modified to
better accommodate lamprey passage. Adult and subadult fish are counted visually 16 hours per
day (5am to 9pm) between April 1 and October 31; and during peak migration season from June 15
through September 30, fish are also recorded at night via video. From December 1 to March 31,
when adult migration numbers are lower, fish passage is recorded and counted with video
technology from 4am to 8pm. Adult fish are counted between November 1 and 31, when adult
migration is least likely, on a five-year rotation.

The John Day Dam is located at river mile 215.6 on the Columbia River, and is approximately three
miles east of the town of Rufus, OR and 28 miles east of the city of The Dalles, OR. John Day Dam is
owned and operated by the USACE. The John Day pool, upriver of the dam, extends 76.4 miles.
Construction of the project commenced in 1958. Power generation with four units began in 1963;
six additional units were completed in 1969; four more units were completed in 1970; and the final
two units were completed in 1972. The John Day Project includes a series of twenty spillway gates
and sixteen Kaplan turbine generator units with a nameplate capacity of approximately 2,160 MW.
The John Day Hydroelectric Project average annual net generation is 8,961,000 MW.
The John Day Project has three non-turbine routes for downstream juvenile fish migration: a
juvenile fish bypass system, and passage via surface spill using two temporary spillway weirs, and
passage through the spillway via traditional, deep spill gates. The juvenile fish bypass system,
completed in 1987, utilizes a series of submerged screens and channels that route smolt away from
turbines, through a chute, and back to the river below the dam. John Day Dam’s juvenile fish bypass
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system includes PIT tag detection devices and a smolt monitoring facility, completed in 1998,
where information on smolt run-timing and composition is collected. In 2017, the John Day juvenile
bypass system operated from April 1 to December 15. In 2018, the bypass system at John Day was
operated earlier, beginning March 1, to monitor the beginning of the run-timing and determine if
run-timing has shifted to an earlier period. Investigations on run-timing will continue in 2019 with
an earlier and extended operation of March 1 to December 15 at John Day Dam.
Two of the twenty spillway gates at John Day were modified in 2008 to add temporary spillway
weirs that provide surface flow and attraction for downstream migrating smolts to pass
downstream. The dates for spill operations at John Day Dam for juvenile downstream migration
were determined using the historic juvenile fish collection data from the Smolt Monitoring Program
at Bonneville Dam. The dates for spill operations are set at April 10 through August 31, to ensure a
minimum of 96% average dam survival of spring migrating fish and 93% survival of summer
migrants (as required by the FCRPS BiOp). At John Day dam, the two spillway weirs providing
surface passage during this time.
Adult passage facilities are operated year-round because upstream migrants are present at the
project throughout the year. John Day Dam has two conventional staircase-type adult fish ladders,
one on each end of the dam. Each fish ladder is equipped with PIT tag detection devices and fish
counting stations but does not include equipment for sorting and trapping adult fish. Beginning in
2012, fish ladders were modified to better accommodate lamprey passage. Adult and subadult fish
are counted visually 16 hours per day (5am to 9pm) between April 1 and October 31; and during
peak migration season from June 15 through September 30, fish are also recorded at night via
video. From December 1 to March 31, when adult migration numbers are lower, fish passage is
recorded and counted with video technology from 4am to 8pm. Adult fish are counted between
November 1 and 31, when adult migration is least likely, on a five-year rotation.

The McNary Dam is located at river mile 292 on the Columbia River, and is approximately one mile
east of the town of Umatilla, OR and eight miles north of Hermiston, OR. McNary Dam is owned and
operated by the USACE. The McNary pool, upriver of the dam, extends 64 miles to the U.S.
Department of Energy’s Hanford Site. Construction of the project began in 1947 and commercial
operation commenced in 1954. The McNary Project includes a series of 22 spillway gates and 14
Kaplan turbine generator units with a peaking capacity of approximately 980 MW. The McNary
Hydroelectric Project annual net generation for 2015 was 5,270,000 MW.
The McNary Project has three non-turbine routes for downstream juvenile fish migration: a juvenile
fish bypass system, and passage via surface spill using two temporary spillway weirs, and passage
through the spillway via traditional, deep spill gates. The juvenile fish bypass system, completed in
1980 (upgraded in 1994 and 2012), utilizes a series of submerged screens and channels that route
fish away from turbines, through a chute, and back to the river below the dam. McNary Dam’s
juvenile fish bypass system includes PIT tag detection devices and a juvenile fish sampling facility
(completed in 1994) where information on smolt run-timing and composition is collected. In 2017,
the McNary juvenile fish bypass system operated from April 1 to December 15. Two of the 22
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spillway gates at McNary were modified in 2007 to add weirs that allow for more natural river
conditions for smolt surface passage. The dates for spill operations at McNary Dam for juvenile
downstream migration were determined using the historic juvenile fish collection data from the
Smolt Monitoring Program at Bonneville Dam. The dates for spill operations are set at April 10
through August 31, to ensure a minimum of 96% average dam survival of spring migrating fish and
93% survival of summer migrants (as required by the FCRPS BiOp). At McNary, the two spillway
weirs providing surface passage from April 10 through June 7 in 2017. Transportation via barge
and truck of juvenile fish collected at McNary Dam and released below Bonneville Dam began in
1981 and was discontinued after 2012 due to increases in smolt survival after upgrades to the
juvenile fish bypass system.
Adult passage facilities are operated year-round because upstream migrants are present at the
project throughout the year. McNary Dam has two conventional staircase-type adult fish ladders,
one on each end of the dam. In 2010 and 2014, fish ladders were modified to better accommodate
lamprey passage. Each fish ladder is equipped with PIT tag detection devices and fish counting
facilities but does not include equipment for sorting and trapping adult fish. Adult fish are counted
visually during the day (5am to 9pm) between April 1 and October 31; and during peak migration
season from June 15 through September 30, fish are also recorded at night via video. Fish are not
counted annually between November 1 and March 31, when adult migration is less likely.

Priest Rapids Dam is located at river mile 397.1 on the Columbia River, approximately 24 miles
south of the town of Vantage, WA. Priest Rapids and Wanapum Dams are owned and operated by
Grant County PUD and are licensed together as the Priest Rapids Hydroelectric Project. The Priest
Rapids pool, upriver of the dam, is 18 miles in length. The Wanapum Indian Village, situated on the
west bank of the Columbia River at Priest Rapids Dam, is near the original homesite and sacred
islands that were inundated with the construction of Priest Rapids Dam. Downriver of Priest Rapids
Dam is the Hanford Reach, and although the flows are regulated, it is considered the only “freeflowing” stretch of the Columbia River in the U.S., upstream of Bonneville Dam. Construction of the
project began in 1956 and power generation commenced in 1959. The Priest Rapids Dam includes a
series of 22 spillway gates and ten Kaplan turbine generating units which, beginning in 2016, are
having new, more fish-friendly, advanced turbines installed. The ten turbine generating units have a
rated capacity of 955.6 MW. The Priest Rapids Hydroelectric Project (consisting of both Wanapum
Dam and Priest Rapids Dam) combined net generation for 2016 was 10,236,452 MW.
Priest Rapids Dam has two non-turbine routes for downstream juvenile fish migration: passage via
the surface spill fish bypass, and traditional deep spill via the gated spillway. Three of the Priest
Rapids Dam’s 22 spillway gates underwent fish passage modifications, completed in April 2014, to
convert them to a surface spill fish bypass route. The Priest Rapids fish bypass is the primary nonturbine passage route at Priest Rapids Dam, capitalizing on the surface orientation behavior of
juvenile fish without requiring fish collection or attraction mechanisms. There is no juvenile fish
monitoring at Priest Rapids Dam, as the fish bypass does not have juvenile fish sampling facilities or
equipment to detect PIT tags in juvenile fish. The gated spillway can also be used as a secondary
means of non-turbine passage and has not been adapted with weirs or other modifications for
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improved surface flow conditions. In addition to operation of the fish bypass and spillway for
downstream passage, Priest Rapids Dam employs “fish mode” – a turbine operation program that
ensures the highest smolt passage survival rate through the turbines at both Priest Rapids and
Wanapum Dams. Operation of the Priest Rapids fish bypass, and turbines in “fish mode”, is in effect
during 95% of the juvenile salmon and steelhead outmigrating run, based on index counts at Chelan
PUD’s Rock Island Dam. Generally, operations for the spring migrants are initiated in mid-April and
continue through mid to late August as protection measures for summer migrants. In 2017,
operation of the fish bypass and turbines in “fish mode” occurred from April 20 through August 30.
Priest Rapids Dam has two conventional staircase-type adult fish ladders, one on each bank; aside
from maintenance outages on one or the other ladder, fish ladders are in operation year-round (at
least one ladder is always in operation). Adult fish counting facilities and PIT tag detection
equipment were installed in 2003 on both ladders. Video recorders were installed in 2007, and
recordings of fish passage are collected continuously from April 15 through November 15. The left
bank fishway at Priest Rapids Dam was outfitted in 2007 with an adult trapping facility used to
conduct stock assessments, reintroduction programs, broodstock collection and research activities.

Wanapum Dam is located at river mile 415.8 on the Columbia River, and is approximately six miles
downstream of the town of Vantage, WA. Wanapum and Priest Rapids Dams are owned and
operated by Grant County PUD and are licensed together as the Priest Rapids Hydroelectric Project.
The Wanapum pool, upriver of the dam, is 38 miles in length. Construction of Wanapum Dam began
in July 1959 and power generation began in July 1963. Wanapum Dam includes a series of 12
spillway gates and ten Kaplan turbine generating units which had new, more fish-friendly,
advanced turbines installed by 2013. The ten turbine generating units have a rated capacity of
1,040 MW. The Priest Rapids Hydroelectric Project (consisting of both Wanapum Dam and Priest
Rapids Dam) combined net generation for 2016 was 10,236,452 MW.
The Wanapum Project has three non-turbine routes for downstream juvenile fish migration:
passage via the surface fish bypass, the sluiceway, and traditional deep spill via the spillway.
Wanapum Dam’s surface spill fish bypass, completed in 2008, consists of a single chute designed to
guide passage of downstream migrating smolts past the dam through non-turbine routes. The fish
bypass is the primary non-turbine passage route for juvenile salmonids, capitalizing on the surface
orientation behavior of juvenile fish without requiring fish collection or attraction mechanisms. The
Wanapum Dam sluiceway was included in the original structure design as a way for ice and other
floating debris to move downstream and is now operated as a non-turbine surface-oriented route
for downstream migrating juvenile fish and kelts. When entrances are open; water, debris, and
migrating fish are skimmed into the sluiceway and pass through the sluiceway outfall channel
downstream of the dam. The sluiceway is operated for fish passage from the closure of the fish
bypass (typically in mid-August) through November 15. There is no juvenile fish monitoring at
Wanapum Dam, as the fish bypass and sluiceway do not have juvenile fish sampling facilities or
equipment to detect PIT tags in juvenile fish. The gated spillway can also be used as means of nonturbine smolt passage; and in 2000, 12 flow deflectors were installed (one for each spillbay) that
allow for more natural river conditions for smolt surface passage.
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During juvenile migration season, the spillway at Wanapum is not used for spill, except in cases of
involuntary spill; this ensures that smolts pass via the surface spill fish bypass. In addition to
operation of the fish bypass, sluiceway, and spillway for downstream passage; Wanapum Dam
employs “fish mode” – a turbine operation program that ensures the highest smolt passage survival
rate through the turbines. Operation of the Wanapum fish bypass, and turbines in “fish mode”, is in
effect during 95% of the juvenile salmon and steelhead outmigrating run, based on index counts at
Chelan PUD’s Rock Island Dam. Generally, operations for the spring migrants are initiated in midApril and continue through mid to late August as protection measures for summer migrants. In
2017, operation of the fish bypass and turbines in “fish mode” occurred from April 20 through
August 30.
Wanapum Dam has two conventional staircase-type adult fish ladders, one on each bank; aside
from maintenance outages on one or the other ladder, fish ladders are in operation year-round (at
least one ladder is always in operation). Adult fish counting facilities were included in the original
design of the dam but were not used until the late 1990s because it was thought that fish did not
spawn in the mainstem Columbia in the Priest Rapids pool. In 2007, video counting stations were
installed at both ladders, and video recordings of fish passage are collected continuously from April
15 through November 15. There is no adult fish trapping or PIT tag detection equipment at the
Wanapum Project.

Rock Island Dam is located at river mile 453.4 on the Columbia River, and is approximately 12 river
miles downstream of the city of Wenatchee, WA. The Rock Island pool, upriver of the dam, is 20
miles in length. The Rock Island project is owned and operated by Chelan County PUD, as is the
Rocky Reach project. The first dam to span the Columbia River, Rock Island was built by Puget
Power and acquired by Chelan County PUD in 1953. Construction of Rock Island Dam began in 1930
and commercial operation with four generator units began in 1933. The original powerhouse
(Powerhouse One) was expanded and six additional generator units were added between 1951 and
1953; and construction of a second powerhouse (Powerhouse Two) located on the west bank of the
river with eight generator units occurred between 1974 and 1979. The Rock Island Project includes
a total of 31 spillway gates: 14 on the east spillway and 17 on the west spillway; and a total of 18
generator units, including ten Kaplan turbine generator units in Powerhouse One and eight
horizontal shaft (bulb) generator units in Powerhouse Two. The turbine generator units have a
nameplate capacity of 629 MW, and an average annual net generation of 2,973,000 MW. The
horizontal bulb turbine generators in Powerhouse Two were the first of their kind to be installed in
the U.S.
The Rock Island Project has one non-turbine route for downstream juvenile fish migration: passage
via the spillway. During 1996, 1997, 2005, and 2007, nine of the 31 spillway gates at Rock Island
were modified to provide specialized spill in a more efficient manner, utilizing three surface
passage over/under gates, and six notched spill gates. The spillway does not include juvenile fish
sampling facilities or equipment to detect PIT tags in juvenile fish, however, a small number of fish
that enter the turbine intake of Powerhouse Two are directed away from turbines into a bypass
channel and transported to a juvenile fish bypass trap. The juvenile fish bypass trap, completed in
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1979, operates from April 1 to August 31 annually; outside of these dates, collected fish bypass the
trap facility and are released below the dam via the bypass discharge pipe. Information on smolt
run-timing and composition is collected daily, and hand-held PIT tag detection devices are used at
the bypass trap. This information, along with data from the Rocky Reach juvenile fish sampling
facility, is uploaded to the University of Washington DART forecasting model which informs
operators when to initiate spill programs at Rock Island Dam, to ensure that a minimum of 95% of
juvenile salmon and steelhead outmigration is afforded non-turbine passage (as required by the
FERC and HCP). Spill for purposes of non-turbine smolt passage occurred from April 16 through
August 18 in 2017.
Rock Island Dam adult fish facilities consist of three separate adult fishways; one located on the left
bank of the dam adjacent to Powerhouse One, another located on the right bank of the dam adjacent
to Powerhouse Two, and a third is in the middle of the spillway. Aside from maintenance outages,
fish ladders are in operation year-round. All three ladders are equipped with PIT tag detection
devices (installed in 2004), and video recordings of fish passage are collected continuously at all
three ladders from April 14 through November 15 annually. Rock Island adult fish infrastructure
does not include trapping facilities.

Rocky Reach Dam is located at river mile 473.7 on the Columbia River, and is approximately seven
river miles upstream of the city of Wenatchee, WA. The Rocky Reach pool, upriver of the dam, is 43
miles in length. The Rocky Reach project is owned and operated by Chelan County PUD, as is the
Rock Island project. Construction of Rocky Reach began in 1956 and commercial operation with
seven generators began in 1961. Four additional generator units were added between 1969 and
1971, increasing the project’s power generating capability by 60%. The project includes a series of
12 spillway gates and 11 Kaplan turbine generator units, which had new, more fish-friendly,
minimum gap runners installed between 1995 and 2003 during a major powerhouse upgrade.
Rocky Reach turbine generator units have a nameplate capacity of 1,278 MW, and an average
annual net generation of 6,300,000 MW.
Rocky Reach Dam has two non-turbine routes for downstream juvenile fish migration: a juvenile
fish bypass system, and passage via the spillway. The Rocky Reach Project’s juvenile fish bypass
system was completed in 2003 and was developed to guide downstream migrating fish away from
the turbines and into a surface-oriented collection and bypass system. Pumps create a strong
current that attracts juvenile fish into the surface collector, and then into a weir box connected to
the bypass conduit which guides juvenile fish around the dam, releasing smolts one third of a mile
downstream. Additionally, vertical diversion screens in the two turbine units immediate to the
surface collector divert fish from the turbine units into the main bypass conduit. The bypass system
includes PIT tag detection equipment (in use permanently since 2010) and a juvenile fish sampling
facility, where smolts are sampled to monitor fish condition and run-timing. In 2017, the Rocky
Reach juvenile bypass system operated from April 1 to August 31. Information collected at the
juvenile fish sampling facility is uploaded to the University of Washington DART forecasting model
which informs operators when to initiate spill operations at Rocky Reach Dam, to ensure that a
minimum of 95% of juvenile salmon and steelhead outmigration is afforded non-turbine passage
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(as required by the FERC and the HCP). Though spill is required at Rocky Reach for juvenile
summer Chinook, operations for spring migrating smolts do not require spill, as survival standards
were achieved under no spill conditions due to the efficiency of the juvenile bypass system. Spill for
purposes of non-turbine smolt passage occurred from May 26 through August 25 in 2017. Rocky
Reach is the only hydroelectric project on the mainstem Columbia that does not currently require
spring spill operations for smolts. The Rocky Reach spillway has not been adapted with weirs or
other modifications for improved surface flow conditions for juvenile fish.
Rocky Reach Dam adult fish facilities consist of a fishway with three entrances (right powerhouse,
left powerhouse, and middle spillway entrances) all leading into a single pool-and-weir ladder via a
transportation channel; and a counting station on the right bank of the river. Aside from
maintenance outages, the fish ladder is in operation year-round. The fish ladder is equipped with
PIT tag detection devices and fish counting facilities. Video recordings of fish passage are collected
continuously from April 14 through November 15 annually. Rocky Reach adult fish infrastructure
does not include trapping facilities.

Wells Dam is located at river mile 515.6 on the Columbia River, and is approximately eight river
miles downstream of the town of Pateros, WA. The Wells pool, upriver of the dam, is 29.5 miles in
length. The Wells Project is owned and operated by Douglas County PUD and is the primary
generating resource for the organization. Construction of the project began in the fall of 1963 and
commercial operation began on September 1, 1967. The design of the Wells Project is unique to the
Columbia River dams in that the generating units, spillways, switchyard, and fish passage facilities
are combined into a single concrete structure, referred to as the hydrocombine. The structure
includes a series of 11 spillway bays and a total of ten Kaplan turbine generating units with a
peaking capacity of approximately 840 MW, and an average annual net generation of 4,417,669
MW.
The Wells Project is the furthest upstream dam on the mainstem Columbia River that provides
anadromous fish passage, affording one non-turbine route for downstream juvenile fish migration:
passage via the spillway. Due to the dam’s unique hydrocombine design, Wells has the most
efficient system for non-turbine smolt passage on the mainstem Columbia River. Unlike a
conventional dam where the powerhouse and spillways are separated, in a hydrocombine dam, the
spillway is located directly over turbine intakes and, due to the surface orientation behavior of
juvenile fish, most pass via spillways rather than diving deeper into turbine intakes. Two of Wells’
11 spillways were originally constructed with flap gates for passing floating debris entrained
behind the dam. These flap gates have been used during downstream migration season since the
mid-1980s to allow for more natural river conditions for smolt surface passage. With the purpose of
improving smolt attraction to specific spillways for maximizing spill efficiency, Douglas PUD tested
modifications to spillway intakes in the 1980s (completed in 1989) aimed at improving attraction
flow. This testing resulted in the annual installation of a series of physical flow barriers that
increase attraction flow to guide downstream migrating fish through five modified spillway bays
discharging a maximum of 2.2 kcfs each. The flow barriers are removable but are in place during
the period when spill for juvenile fish passage occurs. The dates for modified spill operations at
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Wells Dam for juvenile downstream migration were originally established using fish-passage data
from hydroacoustic studies conducted from 1979-2000. Those dates are now determined using a
University of Washington DART model, which is informed by data collected at the Rocky Reach
juvenile fish bypass system, to ensure that a minimum of 95% of juvenile salmon and steelhead
outmigration is afforded non-turbine passage (as required by the FERC and HCP). In 2017, spill for
purposes of non-turbine smolt passage occurred from April 9 to August 19.
In 2016, an experimental PIT tag detection system was installed in one of the eleven spillways at
Wells, detecting only a subset of juvenile fish that pass the project. This experimental PIT tag
detection system is the first on the mainstem Columbia to be installed in a hydroelectric dam
spillway. The detection system was expanded in 2017 to include the entire depth of the spillway,
but still samples only one-quarter of the discharge entering that spillway. Other than this PIT tag
detection system, there is no juvenile fish monitoring or sampling at the Wells project.
Wells Dam has two conventional staircase-type adult fish ladders, one on each end of the
hydrocombine, with 73 pools each. Aside from maintenance outages on one or the other ladder, fish
ladders are in operation year-round (at least one ladder is always in operation). Each fish ladder is
equipped with PIT tag detection systems and fish counting facilities, as well as equipment for
sorting and trapping fish for hatchery facility use and regional monitoring efforts. Video recordings
of fish passage are collected continuously throughout the year, and reported annually from May 1
through November 15, on the University of Washington DART website.

Chief Joseph Dam is located at river mile 545.1 on the Columbia River, and is approximately two
river miles upstream of the city of Bridgeport, WA. The Chief Joseph pool, upriver of the dam, is 51
miles in length. The Chief Joseph project is owned and operated by the USACE, Seattle District.
Construction of Chief Joseph Dam began in 1949 and commercial operation with 16 generators
began in 1958. 11 additional generator units were installed between 1973 and 1979, increasing the
project’s power generating capability and making Chief Joseph Dam the second largest
hydroelectric power producer in the United States, behind Grand Coulee Dam. Chief Joseph Dam
includes a series of 19 spillway gates and 27 Francis turbine generator units with a nameplate
capacity of 2,620 MW, and average annual net generation of 9,780,000 MW.
Chief Joseph Dam completely blocks fish migration in the Columbia River system, offering no
upstream fish passage. There are no non-turbine routes for downstream juvenile fish migration at
Chief Joseph Dam. At the time that the project was built, the next upstream dam, Grand Coulee Dam,
had no fish passage – this was the reasoning behind the decision to forgo the expense of including
fish passage in the design of Chief Joseph Dam.
Flow deflectors were installed at Chief Joseph Dam in 2010 to decrease tailrace TDG during spring
spill conditions.
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The Grand Coulee Hydroelectric Project is located at river mile 596.6 on the Columbia River, and is
approximately two miles east of the town of Grand Coulee, WA. The Grand Coulee pool, upriver of
the dam, also known as Lake Roosevelt, extends 151 miles to the Canadian border. The project is
owned and operated by the BOR. Grand Coulee Dam, a storage reservoir dam, is unique among
dams on the mainstem Columbia River in that its original purposes included irrigation and flood
control as well as power generation; all other U.S. dams on the mainstem Columbia are run-of-river
dams designed with power generation as the primary function of the project. Construction of Grand
Coulee Dam began on July 16, 1933. The project’s power facilities originally had an installed
capacity of 1,974 MW, but after decades of upgrades and expansions aimed to increase flood
control, irrigation, and power generation, Grand Coulee’s facilities now have an installed capacity of
6,809 MW and an average annual net generation of 21,000,000 MW. The project’s current
infrastructure includes three powerhouses containing 24 Francis turbine generator units, and a
pump generating plant (Keys Pump Generator Plant) that houses six pumps and six reversible
pump-generator units; the purpose of this pump generator plant is to provide irrigation water to
600,000 acres of farm land in central Washington, known as the Columbia Basin Project. Grand
Coulee is the largest hydroelectric power producer in the U.S., and the fifth largest power producing
facility in the U.S.
Grand Coulee Dam offers no upstream fish passage and provides no non-turbine route for
downstream juvenile fish migration. Creation of the reservoir behind Grand Coulee Dam forced the
relocation of over 3,000 people, flooded Native American ancestral lands and fishing and hunting
grounds including Kettle Falls, and blocked fish migration to over 1,100 miles of potential spawning
habitat in the upper Columbia River watershed. By eliminating anadromous fish passage above the
Okanogan River, Grand Coulee set the stage for the subsequent decision to not provide fish passage
at downstream Chief Joseph Dam.

Columbia Basin hydropower includes both public and privately-owned facilities. Of the 11
hydropower facilities most directly affecting UCR salmonid populations, six are federal projects and
five are non-federal. The mid-Columbia dams are owned and operated by three PUDs: Chelan
County PUD, Douglas County PUD, and Grant County PUD. Chief Joseph and Grand Coulee Dams,
along with the lower four dams below Priest Rapids Dam, are federally owned and operated as the
Columbia River Systems (CRS), a collaborative operation between Bonneville Power Administration
(BPA) and the generating agencies: USACE and U.S. Bureau of Reclamation (BOR). BPA markets the
power generated from the federal projects and distributes power through its transmission
system. The revenues collected cover the cost of operating and maintaining the projects and
contribute to efforts to protect and rebuild fish and wildlife populations in the Basin.
Hydropower projects are managed according to numerous laws and regulations. Federal and nonfederal dams are subject to different laws and policies and are managed under different
organizational structures. Existing policy and regulations include the Federal Power Act, National
Environmental Policy Act (NEPA), Clean Water Act (CWA), Endangered Species Act (ESA), Fish and
Wildlife Coordination Act, National Historic Preservation Act, Magnuson-Stevens Fishery
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Conservation and Management Act, Marine Mammal Protection Act, the Pacific Northwest Electric
Power Planning Conservation Act, Migratory Bird Act, I-937, and Hanford Reach Agreement among
others. Licensing of hydropower projects requires compliance with some or all of these statutes.
Several of the major laws and policies are summarized below.
The Columbia River Treaty (CRT) governs the operation of three Canadian storage hydropower
projects authorized for construction by the Treaty. The Canadian province of British Columbia,
where the Columbia River originates, is also a major producer of hydroelectricity and owns and
operates three hydroelectric dams on the mainstem Columbia River. After nearly two decades of
study and negotiations between the United States and Canada, the CRT was ratified in 1964,
significantly increasing the water storage capability on the Columbia River through construction of
dams. The treaty provided for the sharing between U.S. and Canada of one-half of the downstream
U.S. power and flood benefits and allows the operation of Treaty storage for other benefits. The U.S.
and Canada began negotiations to modernize the Columbia River Treaty regime in May 2018.
Current flood control provisions expire and new provisions come into effect in 2024.
The Federal Power Act was enacted in 1935 and grants the Federal Energy Regulatory
Commission (FERC) jurisdiction over nonfederal hydropower projects throughout the U.S., as well
as the authority to regulate the transmission and sale of electricity in interstate commerce. Under
Section 4(e) FERC issues licenses to non-federal entities such as the mid-Columbia PUDs for the
purpose of constructing, operating and maintaining dams, reservoirs, and other project works. That
act authorizes the Secretaries of Commerce and Interior to issue prescriptive improvements for fish
passage. As non-federal facilities, the mid-Columbia PUD dams are regulated by FERC. FERC
relicensing schedules for the mid-Columbia PUD dams are listed below:

Dam/Project
Priest Rapids Project (PRD & WAN Dams)
Rock Island Dam
Rocky Reach Dam
Wells Dam

FERC Licenses
(non-federal)
Issue Date
Expiration Date
2008
2052
1989
2028
2009
2052
2012
2052

More information on FERC regulations and statutes can be found at
https://www.ferc.gov/legal/staff-reports/2017/hydropower-primer.pdf.
The Bonneville Project Act of 1937 created the Bonneville Power Administration (BPA) to
transmit and sell the energy generated at the Bonneville and Grand Coulee hydroelectric projects.
The Act states that federal Columbia River dams “shall be operated for the benefit of the general
public” and that in selling power from the federal dams the BPA “shall at all times … give preference
and priority to public bodies and cooperatives”. The Pacific Northwest Consumer Power Preference
Act of 1964 subsequently authorized the sale of federal Columbia River hydropower to the
Southwest, particularly to California. Also in 1964, sixteen entities in the Northwest, including
federal water and power agencies and electric utilities, signed the Pacific Northwest Coordination
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Agreement (PNCA) to ensure that operation of major hydroelectric projects and electric systems
that serve the Pacific Northwest is coordinated “…to make available to each Party its optimum Firm
Load Carrying Capability (“FLCC”)”, which is the amount of energy the region’s generating system,
or an individual utility or project, can be called upon to produce on a constant, 24-hours-a-day basis
during actual operations. The amount of FLCC depends on the amount of reservoir storage that is
available at any given time. The PNCA was revised in 1997, in part to incorporate FCRPS BiOps. The
agreement currently is in effect through September 15, 2024.
The Pacific Northwest Electric Power Planning and Conservation Act (The Northwest Power
Act) was enacted in 1980 to establish a regional power planning process, to assure the region of
adequate power supply, to promote energy conservation, and to encourage development of
renewable energy resources, among other purposes. The Northwest Power Act authorized Idaho,
Montana, Oregon, and Washington to form the Northwest Power and Conservation Council (NPCC),
which develops a 20-year regional power plan and a fish and wildlife program funded by BPA.
The Endangered Species Act (ESA) of 1973 places protective conditions on regional hydropower
operations because hydropower in the Columbia River has the potential to negatively impact ESAlisted species. Newly proposed actions related to hydropower operations and maintenance must
undergo consultation with NOAA Fisheries and USFWS to ensure the newly proposed action is not
likely to jeopardize the continued existence of a listed species, nor result in the destruction of
critical habitat. Dams on the mainstem Columbia are required to document compliance with ESA
Section 7 (Federal Agency Actions and Consultations) and/or Section 10 (Permits).
Each federal agency has a unique obligation pursuant to Section 7 of the ESA to consult with NOAA
Fisheries or USFWS whenever an action that it is authorizing, funding or carrying out “may affect”
an ESA listed species. 16 U.S.C. § 1536(a)(2); 50 C.F.R. § 402.14(a). The purpose of a Section 7
consultation is to assist the federal agency in ensuring that its actions and the actions of any permit
or license applicant are not likely to “jeopardize the continued existence” of a listed species, or
“destroy or adversely modify” a species’ designated critical habitat. 16 U.S.C. § 1536(a)(2); see also
50 C.F.R. § 402.02. Section 7 consultation results in a BiOp which acts as documentation of
compliance with ESA.
Section 10 HCPs under section 10(a)(1)(B) of the ESA provide for partnerships with non-federal
parties to conserve the ecosystems upon which listed species depend, ultimately contributing to
their recovery. HCPs are planning documents required as part of an application for an incidental
take permit. They describe the anticipated effects of the proposed taking; how those impacts will be
minimized or mitigated; and how the HCP is to be funded. HCPs can apply to both listed and nonlisted species, including those that are candidates or have been proposed for listing. Conserving
species before they are in danger of extinction or are likely to become so can also provide early
benefits and prevent the need for listing. Chelan and Douglas PUDs have developed HCPs for Rock
Island, Rocky Reach, and Wells Dams to meet the requirement for a Section 10(a)1(B) permit. Grant
PUD entered into a settlement agreement for their Priest Rapids Project (Priest Rapids and
Wanapum Dams) and was issued an interim BiOp in 2004 and a final BiOp in 2008.
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The BOR, USACE, and BPA are called the “Action Agencies” and are responsible for the 14 federal
dams that define the CRS. They consult with NOAA Fisheries and USFWS on the management of the
system. The Action Agencies are currently operating under Section 7 incidental take permits
authorized by the 2008 BiOp and the 2014 Supplemental BiOp. The BiOp includes hydrosystem,
harvest, hatchery, predator control, tributary and estuary habitat, and research, monitoring, and
evaluation (RME) actions to avoid jeopardy of ESA-listed species and destruction of critical habitat
by improving salmon and steelhead survival. Based on the BiOp, the Action Agencies are committed
to implementing actions to improve the survival of salmon and steelhead listed under the ESA,
including the use of spill and surface passage structures at dams, management of water releases
from storage reservoirs, expanded control of predators that prey on young salmon, improvement of
tributary and estuary habitat, and implementation of hatchery reforms.
The FCRPS BiOp has gone through several revisions and additions in response to litigation between
1991 and today. The 2000, 2004, 2008 BiOps, and the 2010 and 2014 Supplemental BiOps issued
by NOAA Fisheries were all rejected in court. When the court overturns a BiOp, it has ordered the
development of a new plan and BiOp for the dams (a process called “remand”). NOAA Fisheries’
most recent BiOp, the 2014 FCRPS Supplemental BiOp, likewise was challenged by plaintiffs under
the ESA, is their seventh amended complaint to a lawsuit filed in 2001 (Simon 2016). The court
again ruled on the 2014 supplemental BiOp in a decision by Judge Simon issued in May 2016. While
Judge Simon left the 2014 BiOp in place, the District Court gave NOAA Fisheries until March 1, 2018
to issue a new BiOp. (This deadline was later extended to March 2021).
The 2017 Court Order also mandated that the federal agencies develop spill plans at each dam, with
additional spill beginning in April 2018, and that the USACE operate bypass and PIT-tag juvenile
detection systems at some of the dams beginning 2 to 4 weeks earlier in the season beginning
March 1, 2018 (National Wildlife Federation v. National Marine Fisheries 2017). Bypass systems at
Bonneville and John Day dams were operated beginning March 1 in 2018 and are planned to
continue early season monitoring on March 1, 2019.
Habitat Conservation Plans (HCPs) for the mid-Columbia PUD projects were signed in 2002 by
Douglas PUD, Chelan PUD, USFWS, NOAA Fisheries, Washington Department of Fish and Wildlife
(WDFW), the Confederated Tribes of the Colville Reservation (Colville Confederated Tribes), and
the Confederated Tribes and Bands of the Yakama Nation (Yakama Nation; signed in 2005) have the
objective of obtaining “No Net Impact” (NNI). The two NNI components are (1) achievement of the
combined 91% juvenile and adult survival standard and (2) compensation for unavoidable
mortality through hatchery (up to 7%) and tributary (up to 2%) programs (Chelan PUD 2002,
2002a; Douglas PUD 2002). The PUDs have achieved NNI through a combination of operational and
structural changes (e.g., fish bypass systems, spill at the hydro projects), off-site hatchery programs
and evaluations, and habitat restoration work conducted in mid-Columbia tributary systems.
The Priest Rapids Salmon and Steelhead Settlement Agreement (SSSA) was signed in 2006 by
the NOAA Fisheries, USFWS, WDFW, Yakama Nation, Colville Confederated Tribes, and Grant PUD.
The Confederated Tribes of the Umatilla Reservation (Umatilla Tribes), although not a signatory to
the SSSA, also participate in the implementation of the SSSA. The SSSA constitutes a comprehensive
and long-term adaptive management program for the protection, mitigation, and enhancement of
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spring Chinook and steelhead which pass or may be affected by the Priest Rapids Project. The
agreement established an NNI standard, including a combined 91% project survival rate at each
dam for migrating juvenile and adult fish, hatchery mitigation, and funds for improving tributary
habitat.
State and Federal Water Quality Regulations pertain to water quality (temperature, dissolved
gas and contaminant spill) impacts of hydropower operations and facilities. The Environmental
Protection Agency (EPA), Oregon Department of Environmental Quality (ODEQ) and the
Washington Department of Ecology (WDOE) analyze the ways in which dams affect water quality,
place conditions on dam operators to protect water quality, and provide additional guidance for
water quality standards that meet the intent of the Clean Water Act (CWA) and the ESA (EPA 2013,
RCW 173-201a). 401 Certification is issued by the WDOE and/or ODEQ, which sets the 7-day
average maximum temperature at 17.50C for salmonid rearing and migrating areas, and a threshold
of 220C to protect from acute lethality (230C for 1-day average maximum) (RCW 173-201a). Total
dissolved gas (TDG) is also regulated by the EPA, ODEQ and the WDOE through the CWA. Elevated
TDG levels are caused by spill events at dams and by other sources upstream. All reaches of the
mainstem Columbia River from the U.S./Canadian border to the Columbia River Estuary have been
listed under section 303(d) of the CWA for impairment in TDG. Two Total Maximum Daily Load
(TMDL) plans have been developed- one for the mid-Columbia and Lake Roosevelt (to the
confluence of the Snake River) and one for the Lower Columbia (to the estuary). The TMDLs
calculate the maximum amount of TDG allowed to meet and continue to meet water quality
standards. The TMDLs also determine a TDG reduction target and allocate reductions necessary to
the source(s) of the pollutant.
Washington Administrative Code (WAC) Chapter 173-201A identifies the WQS for surface waters in
Washington State. Per the WQS, TDG measurements shall not exceed 110% saturation at any point
of measurement in any state water body. The WQS provide for two exceptions to this rule: (1) for
spill over dams to increase survival of downstream migrating juvenile salmon; and (2) during
natural flood flows.
Ecology may approve an adjustment to the 110% upper criterion for TDG saturation during the
outmigration of juvenile salmon; provided that spill aids in the survival of migratory fish. The TDG
adjustment is considered by Ecology on a per-application basis and must be accompanied by an
approved Gas Abatement Plan and biological monitoring plan (WAC 173-201A-200(1) (f) (ii)). On
the Columbia and Snake rivers, the TDG exception for fish passage has three standards during the
fish passage season: (1) TDG shall not exceed 125% saturation in the tailrace of the project as
measured in any one-hour period; (2) TDG shall not exceed 120% saturation in the tailrace of the
project based on the average of the twelve highest consecutive hourly readings (12C-High); and, (3)
TDG shall not exceed 115% saturation in the forebay of the next downstream project based on the
average of the twelve highest consecutive hourly readings. Natural flood flows are identified by
periods in which river flow volume exceeds the highest seven consecutive day average observed
during a ten-year period, called the 7Q-10 flow. The 7Q-10 flow for the Wells Project is 246,000
cubic feet per second (cfs), based on the hydrologic records from 1930 to 1998 and the USGS
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Bulletin 17B, “Guidelines for Determining Flood Flow Frequency” (Pickett et al. 2004). When river
flow volume exceeds 7Q-10 flows, the WQS established in the WAC do not apply.
The state of Washington fish passage seasonal total dissolved gas adjustment allows projects that
are passing juvenile anadromous fish to increase spill up to 115% in the forebay and 120% in the
tailrace of each dam with anadromous fish passing through the projects and is considering
modifying the forebay restriction at the lower Columbia federal projects up to 120%. The state of
Oregon spring spill waiver is TDG gas cap of 120% in the tailrace (Oregon has no forebay standard).
Both states are currently requiring increased monitoring to determine whether resident fish,
invertebrates and amphibians are impacted by the change in water quality standard.
The National Environmental Policy Act (NEPA) requires the federal agencies to analyze,
document, and publicly share the environmental impacts of any decision, including hydropower
operations and maintenance that may have a significant impact on environmental quality. To
comply with NEPA, FERC publishes an Environmental Impact Statement (EIS) or Environmental
Assessment in every proceeding for a new or amended license. NOAA Fisheries and other federal
agencies are also required to complete a NEPA process for any decisions related to hydropower
operations and maintenance. NOAA Fisheries completed the NEPA process when they issued
permits to the PUDs. In response to the 2016 court decision on the FCRPS BiOp (see timeline of
events in history of development of the Columbia River hydropower system, page 14), the Action
Agencies reinitiated the Environmental Impact Statement (EIS) on the Columbia River System
Operations (CRSO) and configurations for 14 federal projects in the interior Columbia Basin.
Federal agencies completed the first scoping step of the NEPA process in early 2017. The USACE,
BOR and BPA, as co-lead agencies, are also preparing an EIS in accordance with NEPA on the
operations and configurations for Columbia River Systems (CRS; draft EIS February 2020, final EIS
June 2020). A Record of Decision is due in September 2020 (Presidential Memorandum, October 19,
2018). In this CRSO EIS, the three co-lead agencies will present a range of reasonable alternatives
for long-term system operations and evaluate the potential environmental and socioeconomic
impacts on flood risk management, irrigation, power generation, navigation, fish and wildlife
conservation, cultural resources, water quality and recreation.
The Columbia Basin Fish Accords were originally signed in 2008 as an agreement between the
three federal agencies (BPA, BOR and USACE), three Northwest states, and seven tribal partners in
collaboration. The Accords were an agreement to secure funding and to partner on adaptive
management actions for salmon passage and survival over dams in lieu of litigation for a period of
ten years. The agreement was intended to supplement the BiOp and the NPCC Fish and Wildlife
Program and have been extended through the completion of the CRSO EIS (est. 2020). Projects
funded under the Accords can include harvest, passage, production, habitat, lamprey projects, and
infrastructure and outreach.
The Hanford Reach Fall Chinook Protection Plan Agreement (HRFCPPA) was signed in 2004
by Chelan PUD, Grant PUD, Douglas PUD, BPA, NOAA Fisheries, WDFW and the Colville
Confederated Tribes. The Yakama Nation and USFWS also became signatories to the agreement in
August of 2006. The HRFCPPA defines operational constraints and other measures whereby Grant
PUD manages flow below Priest Rapids Dam during critical periods of the life-cycle of fall Chinook
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salmon. The HRFCPPA stipulates obligations of the operators of the dams upstream of Hanford
Reach to maintain certain flow parameters to support Grant PUD's operations that protect fall
Chinook in the Hanford Reach portion of the Columbia River. The 2004 HRFCPPA replaced and
superseded the original Vernita Bar Agreement.
Lower Columbia chum operations influence dam management in the Columbia River
hydrosystem during the fall spawning months and through fry emergence in the spring. Chum
salmon are ESA-listed and spawn in the mainstem below Bonneville Dam. USACE works with other
dam managers to provide reliable conditions for spawning fish. River and fisheries managers with
the interagency Technical Management Team (TMT) attempt to provide an outflow at Bonneville
Dam that maintains a tailwater elevation of 11.5 feet to 12.5 feet, to provide an elevation high
enough for the chum to spawn, but not so high that they will spawn in areas that could become
dewatered if flows need to be lowered (CBB 2017).

Public Utilities Districts (Chelan, Douglas and Grant counties) and Action Agencies (BPA,
Corps and BOR) are the primary entities responsible for the hydropower facilities and their
operation in the Columbia River. These entities work with other agencies and entities to administer
their programs.
The Bonneville Power Administration (BPA) is a nonprofit federal power marketing agency of
the U.S. Department of Energy. BPA and its agency partners, USACE and BOR, manage the CRS for
multiple congressionally-authorized purposes, including power generation to assure the Pacific
Northwest has an adequate, efficient, economical, and reliable power supply. BPA markets
wholesale electrical power from 31 federal hydroelectric projects in the Northwest, one non-federal
nuclear plant and several small non-federal projects. BPA operates and maintains about threefourths of the high-voltage transmission in its service territory. BPA supports regional efforts to
protect and rebuild fish and wildlife populations affected by the operation of the Columbia River
System.
The Northwest Power and Conservation Council (NPCC) was established under the 1980
Northwest Power Act and is mandated to develop 1) a 20-year electrical power plan that
guarantees low-cost energy to the region; and 2) a fish and wildlife program to protect and rebuild
populations affected by hydropower development on the Columbia River. The NPCC’s fish and
wildlife program directs the use of BPA’s electricity revenues to conduct fish and wildlife mitigation
and restoration throughout the Columbia River Basin.
The Regional Forum process was developed in 1995 and has been employed by NOAA Fisheries,
the Action Agencies and other federal agencies, and regional sovereigns to implement ESA
provisions for protection of listed salmon species. The Regional Forum consists of the Regional
Implementation Oversight Group (RIOG), and several technical workgroups, including the TMT, the
System Configuration Team, the Studies Review Work Group, and the Fish Passage Operations and
Maintenance Workgroup.
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The Regional Implementation Oversight Group (RIOG) was established in 2008 to provide
sovereign policy review for the Columbia River Basin, bringing together federal, state, and tribal
agencies with the common aim of salmon protection, to discuss and coordinate implementation of
the NOAA Fisheries 2014 FCRPS Supplemental BiOp. The RIOG structure includes technical
subgroups (e.g., the TMT) to support regional review. Through this structure, RIOG explores the
issues relevant to the effects of the FCRPS on ESA-listed species and ensures that new and emerging
scientific data are identified, reviewed, and available to inform the agency decisions.
The Technical Management Team (TMT) is an interagency technical group comprised of
sovereign representatives responsible for making in-season recommendations to the Action
Agencies on federal dam and reservoir operations to meet the expectations of the BiOp and
accommodate changing conditions; such as water supply, water quality, and spill. The Fish Passage
Operation and Maintenance Team (also an interagency technical group comprised of sovereign
representatives) is responsible for making in-season recommendations to the Action Agencies on
federal dam and reservoir operations to meet the expectations of the BiOp and accommodate
changing conditions such as fish migration timing and associated fish passage operations, water
quality, and maintenance issues.
The Mid-Columbia Committees (Priest Rapids Policy Committee, Priest Rapids Coordinating
Committee, Hanford Reach Fall Chinook Working Group, HRFCPPA Committee, Priest Rapids Fish
Forum, Rocky Reach Fish Forum, Aquatic Settlement Work Group, and Wells HCP and Chelan HCP
Coordinating Committees) are committees comprising representatives from various agencies,
tribes, and organizations that are signatories to the SSSA and HCPs. The Coordinating Committees
oversee implementation of their respective plans and agreements, operating by means of
unanimous decision making memorialized through Statements of Agreement. The Coordinating
Committees also function as the primary means of consultation and coordination between the
signatories regarding the conduct of monitoring and research, implementation of fish passage
measures and studies, adaptive management, and dispute resolution. The Coordinating Committees
are responsible for ensuring that the PUDs achieve and maintain the agreed-upon standards for
survival of target species (spring and summer/fall Chinook, sockeye, and coho salmon; and
steelhead) pertaining to operation of the hydroelectric dams, and they also supervise the
committees charged with implementing the hatchery and habitat mitigation programs.

Juvenile salmon and steelhead pass through hydroelectric dams and reservoirs on their
downstream migration to the ocean. Although a proportion of out-migrating juvenile salmon and
steelhead are lost through dam and reservoir passage some investigations have speculated that
overall or river-wide survival may be as high as historical survival rates before the introduction of
hydroelectric dams. Welch et al. (2008) found smolt survival in the undammed Fraser River in
British Columbia to be comparable to current survival rates in the Snake River. Another study,
Williams et al. (2001), examined survival in the Snake and Columbia River during development of
the hydrosystem. When only four dams were in place (1966–1967), estimates of survival through
the hydropower system were 32–56%. Four additional dams were constructed between 1968 and
1975 after which survival dropped to 10–30% for spring–summer Chinook salmon, but less than
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3% in the drought years of 1973 and 1977. From 1993 to 1999, after structural and operational
changes in the hydropower system, survival estimates increased to a range between 31% to 59%.
Total hydrosystem survival has continued to increase (40-50% for UC stocks- see below) with
advancements and investments in facilities and operations.
Most juvenile spring Chinook migrate out of their natal tributaries as yearling smolts (mean fork
length 100mm) as early as February and extending through the end of June, migrating directly to
the ocean shortly after leaving their natal tributary. One notable exception is in the Entiat subbasin
where Degrosslier et al. (2017) found that 10-30% of spring Chinook in the Entiat migrate as
subyearling to the mainstem Columbia to rear before migrating to the ocean as yearlings. This type
of behavior also occurs in other tributaries where spring Chinook subyearlings are observed
leaving natal streams and entering mainstem rivers, starting with fry in April, but mostly as parr in
the fall or early winter. Typically these fish do not enter the mainstem Columbia.
Steelhead smolt migration starts in early March, peaks in mid-April and runs until the end of June.
Steelhead typically migrate to the ocean between age-1 and age-3 (mean fork length 140-180 mm)
but can migrate at age-4 (WDFW unpublished data 2018). The majority of juvenile spring Chinook
and steelhead in the Upper Columbia are hatchery-origin and hatchery releases for both species
generally occur in mid-April (Maier 2017).

To help assure passage through the mid-Columbia and federal dams that complies with federal
regulations and avoids jeopardy, survival standards have been set by NOAA Fisheries. The PUDs
and Action Agencies are responsible for ensuring they are meeting these standards and do so
through survival studies at regular intervals. The PUDs and action agencies have updated dam
facilities and operate the dams to optimize the overall survival of out-migrating juvenile fish to the
maximum extent practicable, but some level of mortality is inherent to the hydropower system.
Commitments have been made in the HCPs, Priest Rapids SSSA, and BiOps to attain a certain
threshold of survival, and to offset remaining mortality through mitigation measures such as
hatchery production and habitat enhancement. At present, all facilities are meeting performance
standards. Detailed plans and timelines for achieving survival standards are also included in the
associated HCPs, settlement agreement, and BiOps.
Below is a summary of the applicable standards and the reported performance of the PUDs in
meeting those standards (Table 2). It should be noted that each project has a different means by
which the survival standard is evaluated and different years in which that standard was tested. This
makes comparing survival standards or survival estimates difficult. It should also be noted that fish
used in survival studies are predominately hatchery-origin juveniles, which are often larger and
could display different characteristics than natural-origin fish. More detailed information on
agreed-upon survival standards can be found in the corresponding BiOps for each project (NOAA
Fisheries 2003a; 2003b, 2003c; 2008a; 2008b).
Juvenile survival standards were established for Wells, Rocky Reach, Rock Island, Wanapum, and
Priest Rapids dams through the HCPs and Priest Rapids SSSA. The Rock Island, Rocky Reach, and
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Wells HCPs established 91% combined adult and juvenile project survival (defined as survival
through the project reservoir, dam, and tailrace). In the event juvenile and/or adult project survival
cannot be measured, a 93% juvenile project survival will be the target for Phase designation
(Chelan PUD 2002). Under the Priest Rapids SSSA, GPUD is required per the 2008 BiOp “to make
steady progress towards achieving a minimum 91% combined adult and juvenile salmonid survival
performance standard at the Priest Rapids and Wanapum developments (i.e., each dam and
reservoir). The 91% is a combined juvenile and adult survival standard that includes a 93%
juvenile survival standard per development (reservoir and dam), or a Project (both developments
combined) juvenile survival standard of 86.5% (0.93 X 0.93=0.8649) (GPUD 2005; NOAA Fisheries
2008). Results of various survival studies completed at each of the five mid-Columbia dams indicate
achievement of almost all survival standards for steelhead and spring Chinook (Error! Not a valid
bookmark self-reference. 2; Figure 3).

Priest Rapids Dam. Photo from Flying M Air, LLC.
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Table 2. Juvenile survival standards and survival estimates by project. Project survival is defined as survival
through the reservoir, forebay, dam, and tailrace. References in footnote. Table adapted from NOAA Fisheries
(2016a).
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At Wells Dam, the three-year average survival for yearling spring migrants (yearling Chinook and
steelhead) was 96.28% (1998-2000); this exceeded the 93% standard and therefore a 10-year reevaluation was required in 2010, when standards were again met (96.38%) (Anchor QEA 2016;
Figure 3). Due to the dam’s unique hydrocombine design, it has the most efficient system for nonturbine smolt passage on the mainstem Columbia River. The Wells Project spillway underwent fish
passage improvements in the 1980s with the installation of a series of physical flow barriers that
create a stronger attraction flow to guide downstream migrating fish through modified spillway
bays. The flow barriers are removable but are in place during the time that spill for juvenile fish
passage occurs. The next juvenile survival testing will occur in 2020.
Rocky Reach and Rock Island juvenile survival studies for steelhead and spring Chinook were
conducted over several years between 2003-2011 and ranged from 92.4% - 96.8 across both
projects and species. Survival studies take place during representative flow conditions and normal
project operating conditions with spill (where required) and predator control measures taken to
maximize fish passage survival (Anchor QEA and Chelan PUD 2017). Chelan PUD implements HCP
objectives through three phases. In Phase I (Testing), a plan to evaluate survival standards is
developed and juvenile survival is measured. If survival standards are not achieved Phase II
(Additional Tools) implements additional short-term, cost-effective tools with a high likelihood of
biological success. Once the survival standard is being achieved Phase III (Standards Achieved)
implements periodic monitoring to ensure survival standards continue to be met every ten years.
The primary goal of the HCPs is to measure combined adult and juvenile survival, and both Rocky
Reach and Rock Island have achieved survival standards that are equal to or greater than 91% . The
93% juvenile project survival standard target is valid when adult project survival cannot be
measured. Increased number of returning PIT tagged adult spring chinook and steelhead have
allowed for adult project survival to be measured at both dams.
At the Priest Rapids Project (Wanapum and Priest Rapids Dams), juvenile survival studies have
estimated survival passage using the paired-release model, fish passage efficiency (FPE) through
the bypass route-specific survival, migration rate, forebay residence times and tag detection
efficiency. Recent survival studies met standards for juvenile Chinook salmon (2003-05) and
steelhead (2015-17) survival (Figure 3). The next performance standard check-in will be 2025-26.
In 2014 one year of survival testing in response to observed development-level (reservoir and
dam) passage survival for yearling Chinook migrating through Wanapum Dam was 94.5%
(SE=0.013) during 2014, while survival through Priest Rapids Project was 96.1% (SE=0.001)
(Hatch et al. 2015).
Improvements in survival over the course of the survival studies came after a myriad of capital
improvements (as required per the 2004 and 2008 NOAA Fisheries BiOps) had been completed at
both Wanapum and Priest Rapids Dams including the Wanapum Fish Bypass, Priest Rapids Fish
Bypass, Advanced Hydro Turbine System (at Wanapum Dam), enhanced avian wire arrays (at
Wanapum and Priest Rapids Dams), enhanced predator removal program, and implementation of
“fish mode” at both dams. The next performance standard check-in evaluation is scheduled for
2025 or 2026.
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Additional RM&E include evaluating spill modifications designed to improve juvenile survival,
implementation of “Fish Mode” for turbine operations and also the ganging of turbine units during
the juvenile out-migration and also the designing of more “fish-friendly” turbines at both Wanapum
and Priest Rapids dams, monitoring TDG levels, fish health and condition via the adult trap, and
investigating methods for improving hydraulic conditions in the fishway collection channel and
pools.

Figure 3. Results from juvenile yearling spring Chinook and steelhead survival studies performed at the midColumbia PUD-owned dams by year. Reference lines from the HCPs (93%) and SSSA (86.49%) are shown (see
discussion) as well as standard errors (SE). Notes: RR and RI have a combined juvenile and adults survival
standard (91%); PUD survival targets include survival through both the upstream reservoir AND the dam
tailrace; and 2014 GPUD survival study was in response to the Wanapum drawdown and was in addition to
scheduled survival studies.

Below is a summary of the standards and the reported performance of the Federal Action Agencies
in meeting these. It should be noted that unlike the mid-Columbia PUDs, project survival standards
are defined as survival from the upstream dam face to the tailrace mixing zone and do not include
the upstream reservoir. This makes comparing survival standards or survival estimates across
federal and PUD projects impossible. It should also be noted fish used in the federal survival studies
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are run of the river and it is unknown how representative they are of Upper Columbia naturalorigin juveniles. More detailed information on agreed-upon survival standards can be found in the
current BiOp for the federal system (NOAA Fisheries 2008).
Table 3. Juvenile survival standards and survival estimates by project. Project survival is defined as survival from
the upstream dam face to the tailrace mixing zone. Table adapted from NOAA Fisheries (2016a). Reference:
(NOAA Fisheries 2008).

Federal performance standards are designed to ensure the dams achieve an average juvenile fish
dam passage survival level of 96% for spring migrating fish (yearling Chinook and steelhead)
(NOAA Fisheries 2008). Survival studies must verify compliance with these thresholds based on a
minimum of two replicate annual studies, each estimating dam passage survival with a standard
error (SE) of ≤1.5% (Skalski et al. 2016). If the compliance tests fail to meet the survival standard or
standard error criteria, additional mitigation at the dams or changes in dam operations may be
required, along with additional testing.
Four years of testing has been completed to determine whether the FCRPS dams are meeting
performance standards resulting in 29 compliance studies for Chinook salmon and steelhead
(Skalski et al. 2016). Of the 21 tests completed on the lower Columbia river dams (Bonneville, John
Day, The Dalles, and McNary), 12 out of 14 met standards for yearling spring Chinook and steelhead
(Skalski et al. 2016; Figure 4). Some of the 29 studies included evaluations of Snake River
subyearling Chinook salmon, which are purposely excluded from this document due to lack of
relevance to the recovery of UCR salmon and steelhead.
Other quantitative and qualitative criteria must also be met to ensure the survival compliance study
results are valid, representative, and robust. These criteria included meeting spring and summer
spill targets and having the replicate survival studies conducted over a range of river discharges
that is both diverse yet representative of historical conditions. NOAA Fisheries determines whether
the conduct and performance of the compliance studies met the 2008 BiOp survival criteria in
consultation with the Action Agencies. Testing fell below standard for yearling Chinook at
Bonneville Dam in 2011 and for juvenile steelhead at the Dalles and Bonneville dams (due to high
standard errors) in 2010 and 2011, respectively (Skalski et al. 2016).
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The FCRPS Implementation Plan describes the actions that the Action Agencies will complete to
improve survival as provided by the BiOp under RPA Action 1 (NOAA Fisheries 2008). Since 2008,
the Action Agencies have pursued the key objective of improving juvenile and adult survival
through the FCRPS through several strategies: 1) structural modifications of dams to provide safer
fish passage; 2) implementation of spill and selective use of juvenile transportation; and 3)
operations that result in flows more closely approximating the shape of the natural hydrograph,
enhanced river flows, and improved water quality. Actions to accomplish the first key objective
have included conventional spill, installation of surface passage systems, improved turbine designs
and upgrades of screened bypass systems to improve how and where fish are returned to the river
below dams. Most of these modifications have now been designed, installed or implemented, and
tested, such that their overall impact can be evaluated. The second and third key objectives hold
less relevance to the UCR ESA listed species and UCR salmon recovery; while not addressed in
detail (e.g., transportation, since it is no longer used on the lower Columbia River), some
components are mentioned by dam.
Survival studies were completed at McNary Dam in 2012 and 2014 (Skalski et al. 2016). The
survival estimates for yearling Chinook and steelhead met the survival standards and precision
requirements both years (two-year average: 96.1% yearling Chinook; 98% steelhead). A surface
passage was installed in 2007 and is operational during the spring outmigration (April 10 through
early June). In addition, while transportation operations were historically conducted at McNary
Dam, after 2012 transportation operations were discontinued when not enough biological benefit
was received from this operation and Columbia River stocks are no longer transported.
Survival studies were completed at John Day Dam in 2011, 2012, and 2014 (Skalski et al. 2016).
Survival standard and precision requirements were met for yearling spring Chinook and steelhead.
In 2010, Ploskey et al. (2012) found survival of yearling Chinook to be 95%. Average dam passage
survival for steelhead across the two replicate trials was 98.5%. During spring and summer spill
operations, John Day Dam has been operating with a surface passage structure (since 2007).
Survival studies for reach of the three migrant populations were completed at The Dalles Dam in
2010, 2011, and 2012 (Skalski et al. 2016). For yearling Chinook, each of the two replicate survival
estimates achieved the 2008 BiOp survival standard. For juvenile steelhead, one estimate met the
standard (99.5%), while the other missed the survival standard by a fraction of a point (95.34%).
Average dam passage survival for steelhead across the two replicate trials was 97.43%. Since the
2000 NOAA BiOp, spill operations at The Dalles Dam included 40% spill in spring and summer. The
spillway was modified to include a training wall in 2010 and spring spill operations, adjacent to the
Washington shore, provide flow guidance to assist in the egress of juvenile salmon and steelhead
passing downstream through the spillway. Previous telemetry studies had illustrated that fish
passing via spillway, especially bays closest to the powerhouse, would spend more time in the
tailrace and coincide with heavy densities of predators in the shallow waters just upstream of the
bridge.
Survival studies were completed at Bonneville Dam in 2011 and 2012 with mixed results (Skalski
et al. 2016). Of the two tests conducted (one for each migrant population), only one met the survival
standard (steelhead) and none of the studies met the precision requirement because of lower than
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expected detection probabilities. Yearling spring Chinook failed to meet both the survival and
precision standards with survival of 95.97% (SE=0.0176). A 2010 survival study at Bonneville Dam
showed a survival of 94.5% for steelhead (Ploskey et al. 2012). The corner collector has been
operational since 2004 as an additional non-turbine passage route and is open for downstream
migrants no later than April 10 through August 31; however, once the Juvenile Monitoring Facility
(JMF) is in operation for fish passage (usually March 1), if two adult steelhead (presumed to be
kelts) pass per day for two consecutive days and at least 20 adult steelhead pass over the JMF
separator bars, then the corner collector will open to provide downstream passage.

Figure 4. Results from yearling spring Chinook and steelhead survival studies performed at the federal dams by
year. Survival target in the 2008 BiOp is shown as well as SE. Note: FCRPS survival targets are just survival
through the dam and do not include the upstream reservoir survival.

Estimates of reach-based survival using PIT-tag detection at juvenile bypass system (Rocky Reach,
McNary, John Day, and Bonneville) provide another source of information about survival of Upper
Columbia juveniles through the entire hydrosystem. The first of such estimates was from Zabel
(2007), which presented estimates for survival of Upper Columbia River spring Chinook
(Wenatchee population) between 1980-2001 and showed that under previous operations, in-river
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survival through the entire hydrosystem was 44.1%. Current estimates are that survival from UC
tributaries through the hydrosystem to Bonneville tailrace are around 40-50%; however, long-term
estimates of PIT tagged hatchery yearling Chinook salmon and steelhead from McNary Dam to
Bonneville Dam are 81.4% and 77.4%, respectively (Smith, NOAA memorandum, September 19,
2018).
Currently, two independent research groups annually estimate juvenile fish survival through dams
and reservoirs on the lower Snake and Columbia rivers: NOAA Fisheries’ Northwest Fisheries
Science Center and the Fish Passage Center’s Comparative Survival Study (CSS) program
(www.fpc.org). Estimates by both groups are based on PIT-tagged fish released from hatcheries and
traps at key locations in the migration corridor and subsequently detected at one or more detectors
while migrating downstream. The analyses generated by each group have different purposes,
different assumptions about delayed mortality, and use different aggregates of fish groups in the
estimates.
The Comparative Survival Study (McCann et al. 2017; McCann et al. 2018) presents a
comprehensive analysis of the experience of many stocks as they migrate through the hydrosystem.
About 30,000 juvenile fish/year (mixture of steelhead/Chinook and wild and hatchery) are tagged
in the Entiat, Methow, Chiwawa, and Wenatchee Rivers. An additional 4,000 spring Chinook
juveniles of unknown origin are captured, PIT-tagged, and released at Rock Island Dam as part of
the Smolt Monitoring Program. The CSS (2017) examined travel times of Upper Columbia yearling
Chinook (all stocks combined) as they traveled downstream from Rock Island Dam to McNary Dam
and then to Bonneville Dam. Based on their results, yearling spring Chinook travel times were
found variable depending on the time of migration, fish in the early migration run time traveled
slower than fish in the later run timing between Rock Island to Bonneville. Travel times between
Rock Island and Bonneville dams on average are approximately 3 weeks. Julian day, water transit
time, and temperature are important predictors of fish travel time for the Rock Island to McNary
leg, but spill percentages and number of dams with spillway weirs was not. All these variables were
important as predictors of fish travel time from McNary to Bonneville.
The CSS also included models for instantaneous mortality and survival. The survival probability of
yearling Chinook from Rock Island to McNary has averaged about 72% over the past five years and
75% from McNary to Bonneville for an overall in-river survival probability of about 54% for
survival from Rock Island to Bonneville (Figure 5). The survival probability of steelhead from Rock
Island to McNary averaged about 61% over the past five years and 79% from MCN-BON for an
overall in-river survival of about 48% for survival from Rock Island to Bonneville (Figure 5).
Survival between McNary and Bonneville appears to have increased since 1999, especially for
steelhead juveniles (FPC 2018). This could be the results of the installation of surface passage
structures. In general, survival between McNary to Bonneville (161 miles) is generally higher than
survival from Rock Island to McNary (146 miles). Estimates prior to 2006 showed similar survivals
across the two reaches with a few years with greater survivals in the upstream reach (Figure 5).
This difference could be due to the high predation rates by Caspian terns in the Rock Island to
McNary reach (Evans et al. 2015). Three major tributaries, the Yakima, Snake, and Walla Walla
rivers flow into the Columbia River in McNary Reservoir. The Yakima River has been identified as a
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major spawning area for smallmouth bass (Fritts and Pearsons 2004) and it is thought that walleye
may also be increasing in abundance in this reach of the Columbia River. Increases in the
abundance indices of these predators may be an early indication of a compensatory response to the
reduction of Northern pikeminnow in the system (Gardner et al. 2013; Barr et al. 2014).
Between the mouths of the Snake River and Walla Walla River are three islands used as nesting and
roosting sites by multiple piscivorous waterbird species. These include a nesting colony of
cormorants on Foundation Island at RM 322, a nesting colony of pelicans on Badger Island at RM
317, and nesting colonies of gulls and herons on Crescent Island, a manmade island constructed of
dredge spoils, at FM 316 (Antolos et al. 2004, 2005; Evans et al. 2012; Harnish et al. 2014).

Figure 5. Average survival by year from RI – MCN and MCN-BON (1999-2017) for yearling Chinook and steelhead
with 95% confidence intervals trends. Data from www.fpc.org

Because reaches differ in length, survival is better compared among reaches on a per-mile basis to
identify potential mortality “hot spots.” This type of analysis has not been done for spring Chinook
and steelhead in all reaches but Harnish et al. (2014) studied subyearling Fall Chinook downstream
of Priest Rapids dam and found that survival-per-kilometer (Skm) was generally lower in the
transition area between the Hanford Reach and McNary Reservoir, within McNary Reservoir, and in
the upper half of John Day Reservoir (down to Crow Butte) than in reaches located downstream of
Crow Butte. The lowest Skm was observed in the immediate forebay of McNary Dam for both wild
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and hatchery fish. Travel rates were fastest in flowing reaches (i.e., Hanford Reach and dam
tailraces) and slowest through reservoirs. Survival within reaches and between reaches can vary
over time as well due to the movement of predators and changes in environmental factors.
From 1999 through 2018, the National Marine Fisheries Service (NOAA Fisheries) has estimated
survival for UCR tag groups released from hatcheries and released from smolt traps (natural-origin)
as they pass Columbia River dams and reservoirs (see Widener at al. 2018). These annual survival
estimates include hatchery release-MCN tailrace. NOAA Fisheries cannot estimate survival in
individual reaches upstream from McNary Dam (other than the overall reach from release to
McNary Dam tailrace) because of limited PIT-tag detection capabilities at Mid-Columbia River PUD
dams. However, it can estimate survival of Upper Columbia release groups to McNary and from
McNary Dam to the tailrace of Bonneville Dam (Figure 6).
For pooled groups of hatchery yearling spring and summer Chinook from Upper Columbia
hatcheries (Entiat, Leavenworth, Methow, and Winthrop Hatcheries) between 2008-2018, annual
survival estimates from release sites in the Upper Columbia to McNary dam tailrace through four to
six dams averaged 57% (SE 1.2%; Widener et al. 2018). Survival from McNary tailrace to Bonneville
dam tailrace through three dams was 83% (SE 3.3%) with an average computed survival estimate
of 48% from release to Bonneville tailrace (Rel-MCN * MCN-BON). Steelhead survival (Wells and
Winthrop Hatcheries) was much lower during this time with an average survival from release site
to McNary tailrace of 42% (SE 1.5%) and MCN-BONN of 77% (SE 4.5%) and an average computed
estimate of survival of 32% from release to Bonneville tailrace. In this study no significant trends
were found in any release group between 1999-2018 or 2008-2018. Low detection rates at McNary
and Bonneville Dam and in the estuary trawl affect the precision and accuracy of these estimates.
These composite survival estimates are within the range of those presented above.

The Dalles Dam. Photo from USACE.
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Figure 6. Survival estimates of hatchery-origin yearling Chinook and steelhead from release to McNary tailrace
(bottom), McNary tailrace to Bonneville tailrace (middle) and [calculated] release to Bonneville dam tailrace
(top). Standard Error (SE) by year are shown in gray. Source: Zabel (2018).

Comparing survival from release to McNary tailrace, there appear to be differences among release
groups based on origin and release site. Based on data from 2008-2017 hatchery-origin tag groups
generally had higher survival on average than natural-origin tag groups (51% vs 41%) even though
they were released higher in the watershed (Figure 7) (NOAA Fisheries, unpublished data, 2018
from Zabel 2018 analysis). Data for these natural-origin release groups from McNary to Bonneville
was not available. Differences in tagging approach may reduce apparent survival for natural-origin
fish used in these analyses. Researchers cannot account for tag loss in wild fish tagged at traps,
recovery times do not match those afforded hatchery fish, and natural-origin fish are tagged in a
different physiological and hormonal state than hatchery fish. In contrast, hatchery fish are tagged
weeks to months before smoltification or release, during which time the fish recover from the
tagging experience, and most tag loss manifests.
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Figure 7. Survival estimates from the release location to McNary Dam for Upper Columbia stocks of Chinook
salmon and steelhead originating at hatcheries and smolt traps in the Upper Columbia basin. Source:
Unpublished data provided by NOAA Fisheries (2018) based on Widener et al. (2018).

The NOAA Northwest Fisheries Science Center (NWFSC), Fish Ecology Division uses dam and reach
survival estimates to study juvenile survival using what is called the COMPASS model (Zabel et al.
2008). The model allows users to examine the effects of river management scenarios, such as
manipulations of river flow and spill, on salmonid survival. It has four major components: dam
passage and survival, reservoir survival, fish travel time, and hydrological processes. The
probability that fish pass through specific routes at a dam and route-specific survival probabilities
were based on hydroacoustic, radio telemetry, PIT-tag, and acoustic tag data. The model relates
reservoir mortality rate (per day and per km) to river flow, water temperature, and percentage of
fish passing through spillways and then fits the relationships to PIT-tag survival data. Fish
migration rate is related to water velocity, percentage of fish passing through spillways, and date in
the season. The model is designed to simulate survival and travel time through the FCRPS under
various river and operational conditions and can simulate the effects of different management
actions, producing results that agree with available data. Results to date indicate that the benefits
from the operational and passage improvements and predator-deterrent actions implemented to
date are generally accruing as expected in the FCRPS BiOp analysis (BPA 2013).
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In addition to the direct mortality that occurs in the reservoirs and in passage through the dams,
Budy et al. (2002) presented and discussed evidence that there is some amount of delayed
mortality during the period of estuary and early ocean residence that is related to earlier
hydrosystem experience during downstream migration. This delayed mortality is thought to be the
result of the cumulative effects of stress and its effects on energetic condition, predation
vulnerability, disease, and physiology of migrating smolts, which eventually influence levels of
delayed mortality. The hypothesis that there is some level of hydrosystem-related, delayedmortality has been evaluated in other studies over the past decade (e.g. Schaller and Petrosky 2007;
Haeseker et al. 2012). Published analysis by Rechisky et al. (2012) tracked hatchery fish through
their downstream migration and their first month in the ocean. They found no difference in survival
between juvenile fish that migrated through eight dams and others that migrated through only four.
The debate of delayed mortality continues to be discussed in the Columbia River System; however,
the expression of delayed mortality post-ocean entry has been difficult to delineate. CSS models
predict that fish exposed to powerhouse passage (turbine or bypass system), are less likely to
return as adults; therefore, if spring spill increases and more fish pass through the spillway, then
less fish will be exposed to powerhouses and there will be a reduction in the delayed mortality that
has been hypothesized. In turn, more adults will return and increase smolt-to-adult return ratios
(SARs) (see Section Composite Survival).
In the spring of 2018, the Corps implemented court-ordered spring spill following the state water
quality standards of both Oregon and Washington; water was spilled and managed to TDG gas cap
of 120% in the tailrace and TDG gas cap of 115% in the forebay of each dam. At the time of writing
this document, the Action Agencies entered an agreement with the states of Oregon and
Washington and the Nez Perce Tribe to provide flexible spill operations in 2019-2021 or until the
completion of the CRSO EIS (2019-2021 Spill Operation Agreement, December 2018). The central
principle to this agreement is to implement a flexible approach to providing spill to benefit juvenile
spring fish passage in concert with managing the Columbia River System for multiple
congressionally-authorized purposes, including power generation to assure the Pacific Northwest
of an adequate, efficient, economical, and reliable power supply. The three objectives of the
agreement are to provide fish benefits, power system benefits, and operational feasibility via Corps.
Under the current agreement, it is implied that if the state of Washington reduces water quality
restrictions, spring spill will be managed to TDG gas cap of 120% in the tailrace of each dam (no
forebay restriction) for 16 hours a day; a reduction in spill will occur at each dam up to 8 hours a
day, to the level where performance standards were achieved, to help defray the costs of spilling at
120% by producing more hydropower when the markets are favorable (e.g., early morning and
evenings).

One additional source of information about composite survival is smolt-to-adult estimates from the
CSS. The NWPCC established a regional minimum SAR of 2% and a target of 4% as part of their Fish
and Wildlife Program (NPCC 2003;2009). For Upper Columbia populations SARs are measured
from detection of juveniles at McNary during outmigration to return as adults to Bonneville, and for
a subset of populations, from detection at Rocky Reach (as juveniles) to return at Bonneville (as
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adults) as part of the CSS. This is based on which dams have juvenile detection capabilities. PITtagged smolts and returning adults from the UCR pass additional dams as juveniles and/or adults
and those losses of fish are not accounted for in the current SAR estimate of survival.
Generally, the overall SARs for Upper Columbia populations are not meeting the minimum
standards set by NPCC, apart from some years for wild steelhead SAR from McNary to Bonneville
(Figure 8). Between 2008-2016 the SAR for spring Chinook was 1%, meaning that for every 100
juveniles detected passing downstream of Rocky Reach, only 1 returned to Bonneville Dam as an
adult. For steelhead the average was 1.5% with recent SARs below 0.5% for both species. Given the
additional mortality with upstream passage above Bonneville before spawning this means that UCR
populations are likely not replacing themselves (FPC 2018). Although more factors besides
hydropower affect SAR (the most notable being ocean conditions), it is an important metric that
includes hydrosystem survival.

Figure 8. Smolt to adult return (SAR, %) for Upper Columbia Chinook salmon and steelhead (wild fish only) Rocky
Reach to Bonneville (RR-BON) and from McNary to Bonneville (MCN-BON) from 2008-2016 (+ 95% CI). Reference
lines for NWPCC targets and average. Data from Columbia River DART, 2018
(http://www.cbr.washington.edu/dart/query/pit_sar_esu).
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Survival of juveniles as they migrate downstream are affected by numerous environmental and
hydrosystem-related factors (FCRPS, 2013). Juvenile survival at each dam is dam-specific and
varies by passage routes. Passage routes for juvenile fish can be grouped into several general
categories including 1) 1) spill (via traditional or conventional, deep spill or modified weirs with
surface spill); 2) surface collector (includes sluiceways, spillway weirs, corner collector, modified
surface spillways at PUD dams), 3) juvenile bypass system, and 4) powerhouse turbines. Fish going
through the powerhouse must pass through the dam’s turbines or through a bypass system (Figure
9). There is some juvenile mortality associated with all dam passage routes, with the highest
survival typically through spill or bypass and the lowest survival through the powerhouse (NOAA
Fisheries 2004). Survival through the hydrosystem is measured in several different ways – route
survival (survival through a specific route); dam survival (composite survival through all passage
routes); project survival (survival from upstream reservoir through the dam tailrace); reach
survival (survival through several dams and reservoirs); in-river survival (composite survival
through all projects); and smolt to adult survival (survival through all projects and back to a specific
point as an adult).

Figure 9. Illustration showing different types of juvenile passage routes in mainstem Columbia River dams (NOAA
Fisheries 2018).

Improvements have been made at all the mainstem dams to increase passage survival. Some
spillways are equipped with weirs that make them easier for fish to find. New technology has made
turbine passage safer than it was ten years ago. Fish headed for the turbines may also be guided
into other bypass routes, such as gatewells, that will release them downstream. At some dams, the
fish are guided into surface collectors directly upstream then safely moved downstream by pipe
(NOAA Fisheries 2018). Available non-turbine passage routes are summarized in Table 1.

52
Environmental and individual factors also influence juvenile downstream survival. Some of these
factors can be influenced (e.g. routing of water) and others cannot (e.g., wild fish condition and
health, interactions between run timing and environmental conditions, etc.). The unique conditions
that a fish experiences moving downstream through the hydrosystem can strongly influence its
survival and these conditions can vary seasonally, annually, and on longer time scales. Numerous
studies have investigated the influence of biological and environmental variables on smolt survival
and the cumulative, negative effects for fish passing multiple dams. Table 4 is a summary of some of
the documented environmental and biological factors that influence survival through reservoirs
and dams in the Columbia. Environmental factors can be tracked real-time through the Columbia
Basin Research DART site- http://www.cbr.washington.edu/dart/query/basin_conditions and
DART also has a tool that can evaluate exposure of juveniles from different ESU/DPS to different
environmental conditions – temperature, dissolved oxygen, outflow, spill, and turbidity by year and
at specific dams (http://www.cbr.washington.edu/perform/perform).
Table 4. Factors affecting juvenile survival during outmigration through the mainstem Columbia hydrosystem.
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Spill at dams occurs because river discharge exceeds generating capacity (involuntary spill) or to
pass fish (required spill). Involuntary spill at dams generally occurs in the spring and early summer
when flows are high, operators need to pass water over the dams, and fish are migrating
downstream to the ocean. Spill increases fish passage efficiency (proportion of juvenile fish passing
through non-turbine routes) and can reduce migration time. Spill effectiveness is the ability of the
dam to pass fish via spill. Estimates of spill efficiency and effectiveness for juvenile salmonids vary
by dam, the percentage of river flow spilled, spill pattern, time of day, species (or run), and
configuration of the dam (Ferguson et al. 2016). Recently, surface passage systems were
incorporated into some spillways to make spill more effective, providing an alternative passage
route that uses less water and facilitates the attraction of juvenile fish to the spillway. This type of
surface passage provides a shallow, spill-based route at the water surface. At some sites surface
passage routes use existing ice and trash sluiceways rather than spillways. Other recognized
benefits of spill include reduced mortality relative to powerhouse passage; shorter forebay delays
and faster egress from tailraces; and shorter exposure to predation risk, high water temperatures,
and diseases (Muir et al. 2001, Giorgi et al. 2002; McCann et al. 2018). The manifestation and
magnitude of these benefits are not uniform at all dams and may only occur under certain
environmental conditions and management regimes.
At federal projects, spill operations can be constrained by water availability, powerhouse minimum
flow requirements, and TDG limits. Each project has its own set of spill operations and targets. The
federal agencies have built spill into the 2008/2010 FCRPS BiOp, tailoring it to scientific findings
and consulting with the region to meet the FCRPS Biological Opinion performance standards. Each
year, the USACE prepares Fish Operations Plans for federal dams describing operations for safe fish
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passage (available online at http://pweb.crohms.org/tmt/documents/fpp/). During the migration
season, state and tribal fish managers work together with the Corps to manage real-time operations
decisions for fish. In 2018 the Ninth Circuit Court of Appeals affirmed a U.S. District Court opinion
requiring the Army Corps of Engineers to increase spring spill at the FCRPS dams to the maximum
spill levels that still meet total dissolved gas criteria. The US Army Corps of Engineers (USACE)
develops daily levels of maximum spill that the USACE estimates will not exceed the TDG criteria.
These estimated "spill caps" are given to the project operators as maximum spill levels. Spill season
data and exposure of juveniles to spill at FCRPS dams (migration timing versus spill %) can be
found online at http://www.cbr.washington.edu/perform/.
Each of the PUD dams can pursue allowances or alternatives to spill under the HCP or through
consultation with NOAA Fisheries and their coordinating committees to change spill targets. Chelan
PUD pursued the allowance in the HCP to reduce spill at Rock Island Dam from 20% to 10% after
achieving project survival standards at 20% spill operations. At Rocky Reach Dam, Chelan PUD does
not have a spring spill requirement for juvenile spring/yearling Chinook or steelhead because
survival standards were achieved without project spill. Rocky Reach Dam does have a summer spill
requirement for juvenile subyearling Chinook salmon requiring the spill of 9% of the daily average
flow at Rocky Reach Dam. In consultation with NOAA Fisheries and the Priest Rapids Coordinating
Committee (PRCC), Grant PUD has developed alternatives to spill at Wanapum and Priest Rapids
dams through the design and construction of their fish bypass facilities at both dams. The bypass
system at Wells Dam passes 92 percent of emigrating yearling Chinook and steelhead via the
spillway with only 10 kcfs of spill.
The timing of spill at each dam is dependent on different factors and occurs at different levels and
dates (Figure 11). Spill for fish passage at the lower Columbia FCRPS dams starts on April 10th in
accordance with the 2017 court order on the FCRP BiOp (National Wildlife Federation v. National
Marine Fisheries Service, 2017). During this time, maximum spill occurs up to the TDG gas limits and
according to the Fish Passage Plan. The court-ordered spring spill will continue annually until
NOAA Fisheries completes its next BiOp of the FCRPS. Spill in 2018 is being used as a study year to
determine whether the additional spill provides benefits for juvenile salmon passage.
Spill timing in the mid-Columbia hydrosystem differs at each dam but all are required to provide
bypass of 95% or greater of migrating juvenile spring Chinook and steelhead according to their
respective HCPs and the PRP SSA. Because most juveniles leaving the tributaries are hatcheryorigin fish the timing of spill is largely driven by the timing of hatchery releases in the tributaries
(typically April-May; Figure 10). Natural conditions can influence outmigration timing (e.g. early
runoff or warmer temperatures can lead to early migration timing) as seen at the Methow River
smolt traps where the timing of peak outmigration of spring Chinook between 2013-2017 ranged
from March 28th in 2016 to April 18th in 2014 (WDFW unpublished data from 2018). High flows in
often prevent screw traps from operating and affect data completeness in some years (e.g.
Appendix A of Snow et al. 2018). These instances bias the distribution by under-representing later
emigrants (typically those migrating in May when flows are highest based on USGS stream gauge
data).
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Figure 10. Total number of juvenile yearling Chinook and juvenile steelhead caught at the the Methow smolt trap
(RM 18) between 2012-2017 by origin. NOTE: smolt trap operations are affected by high flows and therefore data
are incomplete in some years during those months.

The Wells HCP specified the timing of bypass operations (spill through modified spillways to
facilitate juvenile passage, as described above) at Wells Dam based on the timing of passage of
juveniles from 21 years of hydroacoustic and fyke-netting data, giving the Wells HCP Coordinating
Committee discretion to modify start and end dates for bypass operations when data analysis
indicates the need for modification. The HCP mandates periodic (ten-year intervals) reevaluation
of passage timing and adjustment of bypass operation dates. The Wells HCP Coordinating
Committee approved estimating Wells Dam passage timing using the passage timing at the Rocky
Reach bypass of spring Chinook and steelhead originating above Wells Dam, corrected by known or
estimated travel times between Wells and Rocky Reach. Since 2012, the Wells Coordinating
Committee has approved spill timing of April 9 through August 19.
Spring spill for yearling Chinook and steelhead is not required at Rocky Reach Dam, as survival
standards were achieved under no spill operations. Summer spill at Rocky Reach for subyearling
Chinook is based on specific index count data collected from the Rocky Reach Juvenile Bypass
Sampling Facility, to determine when spill needs to be initiated to ensure 95% spill
coverage. Rocky Reach begins summer spill operations when Program Realtime estimates that 1%
of the subyearling Chinook run has passed Rocky Reach Dam. Summer spill at Rocky Reach Dam is
9% of the daily average river flow, and spill is provided until 95% of the run has passed and daily
index counts show a low number of subyearling Chinook are passing Rocky Reach Dam
Spill at Rock Island is also based on index count data, but specific to the data collected from the
Rock Island Juvenile Bypass Trap, to determine when to initiate spill to ensure passage for 95% of
juvenile migrants. Rock Island is required to start spring spill no later than April 17th annually if
run estimates do not require an earlier start. Spring spill at Rock Island Dam is 10% and transitions
instantaneously to 20% in mid-summer for subyearling Chinook. Spill is provided until 95% of the
run has passed and daily index counts show a low number of subyearling Chinook.
The timing of spill for the Priest Rapids Project is similar to the other mid-Columbia spill programs.
In consultation with the PRCC fish-spill representatives, GPUD uses the smolt index counts from the
Rock Island Smolt Monitoring Station to determine when annual spring fish-spill at both
developments is initiated. They are required to cover 95% of the spring and summer migrants.
Spring spill starts before 2.5% of the spring run arrives at Rock Island (typically mid- to late-April).
Spill ends after 97.5% of the spring and summer run has passed (typically mid to late-August).
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Typically, the end of the spring fish-spill overlaps with the beginning of the summer fish-spill,
providing continuous fish-spill from April to August (Peter Graff, GPUD, personal communication,
2018).

Figure 11. Average percent spill at each mainstem dam from 2008-2017 with usual timing of fish operations (spill
and bypass operations) April-August indicated (FPC 2018).

While beneficial, spill causes increased levels of TDG that could increase mortality and eliminate the
benefits associated with the implementation of an aggressive spill program. Therefore, subsequent
implementation of a spill program has been within the confines of the “risk” associated with
increased levels of TDG. The Washington Department of Ecology (WDOE) sets seasonal limits on the
amount of total dissolved gas (TDG) that can occur in the Columbia River. The limits are an average
of 115 percent TDG in the forebay and 120 percent TDG in the tailrace of each development. These
averages are based on the 12 highest readings taken in any one day. If these limits are exceeded
there are often reduction in spill volumes until TDG falls within WDOE’s standards. The standards
set by DOE and in the 2008 FCRPS BiOp are based on decades of research and discussion on the
prevalence and effects of gas bubble trauma in fish and its relationship to spill at dams (see
Fergusen et al. 2016). Results of TDG monitoring at the Columbia River dams can be found online at
http://www.cbr.washington.edu/dart/query/basin_conditions). Based on the data from Columbia
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River DART (2018), TDG standards are often exceeded between April and June, especially in years
of high spring flow such as 2017 and 2018 but do not occur every year. The CSS model shows a
decrease in survival of steelhead by ~10% with increased TDG (McCann et al. 2017).
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Figure 12. Columbia Basin daily average tailrace TDG as compared with the standard of 120% (indicated in pink)
between 2013-2018. Figures and data from DART (2018).

Under the Gas Bubble Trauma (GBT) monitoring program, NOAA Fisheries, the USACE, ODFW, and
WDFW collect fish to sample for evidence of gas bubble trauma, which results from high TDG levels.
Results from the GBT monitoring program over the last ten years (2008-2017) at five FCRPS
projects (LGR, LGS, LMN, MCN, and BON) indicate that signs of GBT are minimal when TDG is
managed to the present 115%/120% TDG gas waiver standards. Furthermore, the action criterion
of 15% fin GBT incidence rate has only been met when tailrace TDG levels are at or above 125%,
which has only occurred when excess spill is provided due to flows that are in excess of hydraulic
capacity and/or lack of market (McCann et al. 2017).
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In addition to spill, some dams have juvenile bypass routes that allow fish to bypass the turbines
through an alternative route besides spill. For a bypass to be successful, it must be highly efficient
in diverting smolts away from the powerhouse with minimal flow requirements, while safely
returning the fish to the river for continued outmigration. Of the nine dams below Chief Joseph
Dam, seven have juvenile bypass routes (facilities or structures) in place (Bonneville, John Day,
Dalles, McNary, Wanapum, Priest Rapids, and Rocky Reach), and two use spill through modified
spillway gates (Rock Island) or spillway intakes (Wells) to route fish away from turbines. Bypass
routes at each dam differ and are also referred to as surface collectors, modified spillways, modified
sluiceway and modified trashrack, screened bypass systems in turbine intakes, and bypass facilities.
Fish bypass systems are often constructed as modifications to existing structures such as spillways
or sluiceways. Juvenile bypass systems in the federal dams were built between 1960-1990 in
response to concerns about juvenile mortality during migration.
The juvenile fish bypass systems in place at the lower Columbia dams guide fish away from turbines
by means of submerged screens positioned in turbine intakes. The juvenile fish are directed up into
a gate well, where they pass through orifices into channels that run the length of the dam or
powerhouse. The fish are then routed to the river below the dam, which is called "bypassing." The
juvenile bypass systems at the FCRPS dams guide 80 to 90% of steelhead and 60-70% of
spring/summer chinook salmon away from the turbines and upward through the bypass channel.
This percentage measure is called fish guidance efficiency, and the rates vary from dam to dam
(USACE 2018). FCRPS bypass facilities operate part of the year (historically April-Dec). The 2017
court order on the FCRPS BiOp required the USACE to begin FCRPS operations of bypass systems
and PIT-tag juvenile detection systems on March 1st to support the tails of the run that represent
life history diversity and opportunity for species adaptation (National Wildlife Federation v.
National Marine Fisheries Service, 2017).
The Rocky Reach juvenile fish bypass system was completed in 2003 and was developed to guide
juveniles away from the turbines and into a surface-oriented collection and bypass system. Pumps
create a strong current that attracts juvenile fish into the surface collector, and then into a weir box
connected to the bypass conduit which conveys juvenile fish around the dam, releasing smolts one
third of a mile downstream. Vertical diversion screens are also installed in the two powerhouse
units immediately adjacent to the surface collector. Fish screened via this route also utilize the
bypass pipe as a non-turbine route past the dam. The system is equipped with a sampling facility,
allowing fish to be collected for daily index samples, as well as study fish to evaluate project
survival when studies are occurring. The bypass facility is highly efficient, transporting an average
of 40-70% of migrating juveniles during periods of operation (April 1- August 31).
Both Wanapum and Priest Rapids Dams have spillway bypass structures that operate April-August
each year. The Wanapum Fish Bypass (WFB) was completed in 2008 through modifications to a
future turbine unit and is designed to operate at five different flow volumes: 20 kcfs, 15 kcfs, 10
kcfs, 5 kcfs and 2.5 kcfs. The WFB (surface spill) is the primary non-turbine passage route for
juvenile salmonids as it capitalizes on their behavioral characteristics to migrate higher up in the
water. In addition to the WFB, the sluiceway at Wanapum passes a relatively high number of
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juvenile salmonids (English et al. 2001). Since it is a relatively small flow volume, the Priest Rapids
Coordinating Committee and NOAA Fisheries have requested use of the WFB as the primary nonturbine passage route.
Priest Rapids Fish Bypass (PRFB) was completed in April 2014 through structural modifications to
three existing spillways and is the primary non-turbine passage route at Priest Rapids Dam. The
PRFB was designed to operate at a fixed flow volume of 26 kcfs, with exact flow volume determined
by forebay elevation. The fish bypass capitalizes on juvenile behavioral characteristics to migrate
higher up in the water.
Although passage through spill or bypass routes are the preferred method of dam passage because
of higher survival rates (in general), juvenile passage through the powerhouse occurs at all times of
the year to some degree. Powerhouse passage is the only route available at certain times of the year
when bypass and spill are not available. Juvenile fish that are drawn into the turbines by the
current may be killed or injured, but most survive without injury. Mortalities or injuries result most
often from rapid decompression and shear (Brown et al. 2012) and indirect mortality can be a
significant component of total estimated turbine mortality. All projects have some operational
measures intended to move fish through the dams and out of the tailraces as safely as practicable
(sometimes called “fish mode”). Since each project is unique, those respective operations are
tailored to physical conditions and constraints inherent to each project.
Juvenile survival through the powerhouse turbines has improved due to modifications of turbine
operations and upgrades to the turbines (e.g. newer and more efficient Kaplan-style) to more “fishfriendly” designs. In general, fish mortality rates currently range from 5% for the least-harmful
existing turbines to more than 30% for more-damaging turbines. The survival of turbine-passed
fish depends greatly on characteristics of both the hydropower plant—the type and size of the
turbine, environmental setting, and mode of operation—and the entrained fish—species, size, and
physiological condition, and whether they carry a tag (PIT tag, radio tag, or acoustic tag). The
survival of small fish encountering turbine types with larger water passages—such as Kaplan,
Francis, and bulb turbines—is commonly 70% or greater for current plants. Among the most fishfriendly conventional turbines, large Kaplan turbines used at the mainstem Columbia River dams
have shown average fish survival (including both direct and indirect effects) of about 88% (Peltier
2008). Some dams have powerhouse survival rates that exceed 90% (see below).
Previous studies have found that passage survival for juvenile salmonids is generally highest for
spillways and bypass systems when conditions are optimal (Schoeneman et al. 1961, Whitney et al.
1997, Muir et al. 2001). Some dams have turbines that have been upgraded and are highly efficient
at passing juveniles. In some cases, depending on the dam and year, survival through the turbines
(powerhouse) can be higher than spill (see Robichaud et al. 2003). Fish-friendly Kaplan turbines
have been shown to have survival rates between 77% and 99%. Survival through traditional
spillways has also been extensively studied and ranges, on average, between 95% to 100% in
recent studies (Figure 13). Survival within any particular route is variable and can depend on the
year, time of year, and the dam (e.g. Bickford et al. 1999; USACE et al. 2017).
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Operations and structural improvements have been tailored to the specific conditions and structure
of each dam to 1) reduce the proportion of juvenile fish that pass through turbines; 2) reduce
forebay delay; and 3) improve overall dam survival. Depending on location, time of year, and
species, approximately 76% to 99% of the juvenile fish use these non-turbine routes (Figure 13).
Past studies have shown that use of various routes varies by dam, species, time of day, and year
based on dam facilities, operations, environmental conditions, and fish behavior. A study at McNary
Dam showed that the use of spill passage routes decreased by roughly 10% at night because fish
tended to use different depths at night (particularly steelhead) (Adams and Evans 2011). Spring
Chinook and steelhead appear to use different routes and have different route-specific survival,
likely because of the differences in migration timing, size, and behavior.
The range of passage routes for fish varies across dams, seasons, and years. Spill is more often used
for passage through the FCRPS dams compared with the mid-Columbia PUD dams because of the
efficiency of other mechanisms to meet survival standards at PUD dams (Johnson et al. 1992;
Skalski et al. 1996; Plosky et al. 2012; Adams and Evans 2011). Spill targets have changed in some
cases (e.g. 2018 FCRPS spill levels) since these studies were completed, which could change the
results in some cases.
Route specific survival is available at some dams for some species and years. Based on these results
at Wanapum, Priest Rapids, John Day, McNary, and The Dalles Dams, the highest average survival
occurs in spill and bypass routes and the lowest survival occurs in powerhouse routes (Hatch et al.
2014; Johnson et al. 1992; Skalski et al. 1996; Plosky et al. 2012; Adams and Evans 2011). Survival
through spill and bypass typically is above 95% and often close to 100%. Survival through the
turbines is more variable and ranges between 77-98%. Average survival through the powerhouse is
approximately 90% based on the dams where route-specific survival is available.

Rocky Reach Dam Juvenile Bypass System.
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Figure 13. Route-specific use (pie chart) and survival (labels where available) by dam and species. Use and
survival was calculated based on a compilation of more refined data from Hatch et al. 2014 (PRP); Johnson et al.
1992 & Skalski et al. 1996 (WEL); Plosky et al. 2012 (FCRPS); Skalski et al. (2013); Hughes et al. (2013); Adams
and Evans 2011 (MCN); and Lance Keller, CPUD, personal communication. NOTE: survival data from Rocky Reach
Dam is based on finer resolution results that are averaged across multiple study years.

Timing of spill operations and juvenile bypass systems is intended to coincide with the core
outmigration period of spring Chinook and steelhead to maximize survival of the majority of
juveniles. Most dams operate for fish migration from April- August, which coincides with peak
outmigration and hatchery release of juveniles. In their natural environment, the timing of juvenile
smolt migration is an adaptation to maximize growth and survival in the ocean (Pearcy 1992).
Diverse life history strategies for migration timing can buffer populations against a range of ocean
conditions and therefore is an important factor for resiliency to the long-term sustainability of the
species.
Desgroseillier et al. (2017) used PIT-tag detections at tributary arrays and at mainstem dams on the
Columbia to decipher migratory and rearing strategies of spring and summer Chinook originating
from the Entiat River. The study found a much more complicated suite of emigration patterns than
expected (Desgroseillier et al. 2017). Some spring Chinook from the Entiat migrated downstream as
subyearling and overwintered in mainstem reservoirs. None were observed directly migrating to
the estuary as subyearlings. Conversely, subyearling summer Chinook parr that emigrated in midJuly through early September often migrated directly downstream to the estuary. Summer Chinook
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that emigrated from the Entiat later in the fall also migrated downstream but often overwintered in
mainstem reservoirs prior to entering the estuary during the following spring. The general
tendency of Entiat subyearling spring Chinook to enter the estuary as yearlings was similar to the
life history patterns of spring Chinook in the Twisp, Chiwawa, and Chewuch subbasins. Unlike the
Entiat fish, however, almost none of the Methow or Wenatchee subyearlings left their natal streams
prior to overwintering in downstream reaches in the subbasins (Desgroseillier et al. 2017). The use
of reservoirs and dams by subyearling spring Chinook is not well understood.
There are no data available on the timing of reservoir entry for natural-origin fish except for
inferred timing from the few individuals that have been detected at both lower tributary PIT
detectors and subsequently at mainstem dams. Downstream migration timing can be inferred from
smolt trap data but smolt traps and PIT detectors in the tributaries are well upstream of the
confluence with the mainstem Columbia River and therefore are only an indicator of potential
reservoir entry. Spring Chinook could enter the mainstem as early as February through the end of
May based on timing of catches at the smolt traps on the Lower Methow, Wenatchee, and Entiat
(WDFW unpublished data 2018). The ISAB noted in their 2017 review of UC spring Chinook that
spill to facilitate juvenile emigration in the mainstem begins in mid-April and by that time almost
60% of the yearling Chinook smolts (largely spring Chinook smolts) have passed the lower
Wenatchee River smolt trap (ISAB 2017). An average of 2% of the steelhead juvenile migrants (age
1+) and 19% of the yearling Chinook migrants have passed the lower Methow smolt trap (~RM 18)
by April 1st when bypass operations and juvenile monitoring at dams start. By April 10th, 23% of
steelhead and 51% of yearling Chinook have passed the screw trap. As previously noted, smolt trap
data can be incomplete when high flows prevent the trap from running (e.g. Appendix A of Snow et
al. 2018).
Environmental conditions and fish condition likely are a strong influence on how rapidly fish move
downstream during early spring. Detections at the lower river PIT-tag arrays show that some
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tagged fish moved quickly downstream from the smolt trap, although travel time can be quite
variable (Charlie Snow, WDFW, pers. comm).

Figure 14 shows the timing of natural-origin spring Chinook and steelhead captures at the Methow
smolt trap (RM 18) over the course of the spring and summer between February and July (WDFW
unpublished data 2018 from Charlie Snow, WDFW). Data from the Wenatchee smolt trap shows a
similar pattern of early, natural-origin spring Chinook migration. At the Lower Entiat smolt trap,
steelhead were seen migrating at almost all months of the year and spring Chinook showed a
similar pattern of peak outmigration in March to mid-April (Desgroseillier et al. 2017; USFWS
unpublished data; Andrew Murdoch, WDFW, pers. comm). Sampling of smolt migration at Rock
Island and Rocky Reach Dams and the lower Columbia FCRPS dams starts on April 1st and there is
no data to decipher whether there is a group of early migrating, natural-origin juveniles
encountering the dams prior to this date. Dam encounter date likely differs among years,
populations, and dams and therefore cannot be generalized.
From very limited data it can be inferred that some fish may “rear on the run” in the lower
tributaries or in the reservoir and take days to weeks before they encounter the first dam in their
migration. Other fish may migrate rapidly downstream and encounter a dam within a few days of
leaving their natal tributary (Tom Kahler, DPUD, pers. comm). Juveniles that migrate through the
mainstem dams between April 1- August 31 have a migration timing that coincides with fish
passage operations at the dams including increased spill and available bypass operations that were
established to reduce dam-related mortalities. This migration timing is also better synchronized
with increased flows and higher turbidity that could also enhance survival (ISAB 2017). Depending
on various factors, juvenile outmigration may overlap well with this management window
completely or may have some proportion of the migration that does not.
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Figure 14. Natural-origin yearling Chinook and steelhead smolt outmigration timing from the Methow River
based on captures at the Lower Methow smolt trap (~ RM 18). Both daily captures and cumulative percent of the
total run are indicated along with a reference line for when 50% of the run has passed. The first of each month
during the migration period is indicated for reference. Source: WDFW (unpublished data 2018).

Spill for juvenile passage, as required by agreements and permits, starts sometime in April (usually
early to mid-April) at each individual dam based on fish monitoring and/or agreements in place.
Involuntary spill can occur earlier than that date and has at many dams over the past 5 years (DART
2018). In two of the past five years there was a substantial amount of involuntary spill or managed
spill prior to April 1st at mainstem dams, although the percent of spill was usually low (<30%).
Which dams spilled during a given years varied but spill prior to April 1st appears to be common
but not ubiquitous to all dams (DART 2018).
Much of the juvenile mortality associated with downstream migration has been attributed to
predation at the dams or in the reservoirs (Rieman et al. 1991; Evans et al. 2016). Although some
level of predation is natural to the river system, the construction and operation of the hydrosystem
and the disposal of dredge spoils in the lower Columbia River and estuary have altered historical
habitats and created new habitat types. These reservoir habitats support a wide range of predator
species including native and non-native predatory fish species, such as pikeminnow; predator birds
including terns, cormorants, gulls, mergansers, and pelicans; and marine mammals (NWPCC 2014).
Also, the combination of increased stress as well as the disorienting effect caused by passing
through a dam make juvenile salmon more vulnerable to predation at dams (Petersen et al. 1994).
The change in the number and distribution of predators in the mainstem Columbia River as a result
of hydrosystem and reservoir development is unknown.
Reservoirs create habitat conditions favorable to major piscine predators including northern
pikeminnow, walleye, channel catfish, and smallmouth bass in some areas (NOAA Fisheries 2008).
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Much of the mortality appears to be concentrated in the river/reservoir transition area where large
predator-rich tributaries enter, as well as in the immediate dam forebays where travel rates of
outmigrating smolts are slowed (Petersen et al. 1992). Although information on predation in
certain areas is available, there is no information available on total piscivorous fish consumption of
steelhead, yearling Chinook, and subyearling Chinook in the Columbia River. Sanderson et al.
(2009) reported that the impact of non-indigenous species (including piscivorous fishes) on salmon
survival within the Columbia River Basin can be severe and suggested that managing
nonindigenous species may be imperative for salmon recovery.
Some hotspots for piscivorous predation have been well studied, while other areas of juvenile
mortality have only been attributed to potential piscivorous predation (e.g. McNary Reservoir;
Evans et al. 2016; Harnish et al. 2012). Some of the earliest and most detailed research focused on
the food habits, consumption rates, abundance, and distribution of predaceous fish in John Day
Reservoir (Beamesderfer and Rieman 1991; Poe et al. 1991; Vigg et al. 1991). Reiman et al. (1991)
estimated that 2.7 million juvenile salmonids (14% of all juvenile salmonids that entered the
reservoir) were lost to predation from squawfish, walleye, and bass in the John Day reservoir from
1983 - 1986. Much of the loss (21%) was estimated to have occurred in the immediate tailrace of
McNary Dam where northern pikeminnow and channel catfish were abundant (Poe et al. 1991;
Rieman et al. 1991). Predation was highest in August (61% mortality) for salmon and June (13%
mortality) for steelhead. Predation during the April-May juvenile salmon migration period typical
of spring Chinook was between 8-11% of juveniles. Beamesderfer et al. (1996) estimated that
northern pikeminnow consumed about 16 million (8%) of the estimated 200 million juvenile
salmonids emigrating annually in the Columbia River Basin, far surpassing the consumption of
smallmouth bass, walleye, and channel catfish combined. Since these pioneering efforts, others
have evaluated various aspects of predation-related mortality on juvenile salmonids in the
Columbia River Basin, focusing mostly on northern pikeminnow and smallmouth bass (e.g., Tabor
et al. 1993; Zimmerman 1999; Naughton et al. 2004).
Large-scale management fisheries and fish monitoring and removal programs (i.e., the Northern
Pikeminnow Management Program (NPMP); see Rieman and Beamesderfer 1990; Beamesderfer et
al. 1996) have been implemented in the CRB since 1990. These efforts have achieved a 10%–20%
exploitation rate on northern pikeminnow and reduced predation on juvenile salmonids. The
NPPCP has achieved its goal of removing 10-20% of piscivorous northern pikeminnow per year
since 1997 (Williams 2014). Over 4.5 million pikeminnow have been removed through the NPMP
(up to 2016). NOAA Fisheries estimated a 38% reduction in salmonid predation as a result of
pikeminnow removal (NOAA Fisheries 2016a). Historical monitoring and modeling predict these
removal rates could cut predation on juvenile out-migrating salmon by up to half (Williams 2014).
One emerging concern is the establishment of new non-native predator fish species. Northern pike
were confirmed in the Columbia River in 2009 after establishment in other Western states over the
past several decades. Pike are a highly invasive apex predator capable of decimating fish
communities. The WDFW has concerns that this species will have irreversible impacts on native
and game fish communities in the blocked area above Chief Joseph and Grand Coulee dams. In
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addition, Northern Pike are very likely to expand their distribution into the anadromous zone of the
Columbia River, impacting the recovery of salmon and steelhead populations. (WDFW 2018).
Avian predators consume millions of juvenile salmonids annually in the Columbia River Basin
(Roby et al. 2003, Lyons 2010, Evans et al. 2012). Multiple species of colonial waterbirds nest at
multiple breeding sites throughout the region. Predators include Caspian terns, double-crested
cormorants, California gulls, ring-billed gulls, American white pelicans, and other species (Collis et
al. 2001; Hostetter et al. 2015; Evans et al. 2015). The timing of the colonial waterbird nesting
season (April to September) overlaps with the peak salmonid smolt outmigration period (April to
August). These predators may limit the recovery of some ESA-listed salmonid populations,
including steelhead and spring Chinook salmon originating from the Upper Columbia River
(Antolos et al. 2005; Lyons et al. 2011; Hostetter et al. 2015; Evans et al. 2016). Predation can be a
form of indirect mortality from the hydropower facilities when, for example, disoriented or
otherwise compromised juveniles enter the tailrace and are momentarily more susceptible to
predators (Cada 2001). Most dams have wires above the tailraces to dissuade birds in this area.
The impacts of avian predation on salmonid smolts vary by avian species, breeding location, year,
and salmonid populations (ESU/DPS). The predominant method of measuring these impacts are
capture-recapture-recovery (CRR) methods, incorporating the detections of PIT tags at in-river
arrays (e.g., juvenile bypass arrays, acoustic arrays, etc.) and the recovery of PIT tags from bird
colonies following the smolt outmigration and avian breeding seasons (Evans et al. 2016, Lyons et
al. 2011). Several management actions have been implemented to reduce predation rates by
reducing the size of individual bird colonies located in the Columbia River Estuary and Columbia
River plateau (Collis et al. 2016). CRR methods have allowed managers to identify localized
predation hotspots and implement management efforts to protect smolts where they may be more
vulnerable to bird predation, such as at the tailrace of hydroelectric dams (Ruggerone 1986; Evans
et al. 2016). CRR models have also been used to investigate what proportion of all mortality sources
(1-survival) is due to colonial waterbird predation, which aids in developing effective management
strategies (Evans et al. 2016; Lyons et al. 2011).
Results from past studies indicate that colonial waterbirds have dissimilar but significant impacts
on the ESA-listed Upper Columbia River steelhead and Chinook (Figure 15). Upper Columbia River
steelhead have historically endured a relatively disproportionate level of pressure from avian
predators; Caspian terns and, to lesser extent, California gulls have demonstrated a selective
preference for steelhead smolts. For example, a single Caspian tern colony in Potholes Reservoir
historically consumed up to one of every five juvenile steelhead passing Rock Island Dam. This
colony has recently been the subject of management (USACE 2014) but impacts to Upper Columbia
River steelhead remain significant. In 2014, colonial waterbirds consumed an estimated 36% (95%
CRI: 31‐44) of all juvenile steelhead last detected at Rock Island Dam during outmigration (BRNW
2015). Predation impacts on Upper Columbia River yearling chinook were less than those on
steelhead, but still significant. In 2014, colonial waterbirds consumed an estimated 12% (95% CRI:
9‐16) of all juvenile steelhead last detected passing Rock Island Dam (Roby et al. 2015). Results
from Evans et al. (2015) indicated that colonial waterbird predation was one of the greatest causes
of steelhead and yearling Chinook mortality during outmigration between Rock Island Dam and The
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Dalles Dam, with a larger proportion of smolts succumbing to bird predation than from all other
mortality sources combined in some river reaches and years.

Figure 15. Estimated predation probabilities (proportion of tagged fish consumed) of juveniles by birds in 2012
and 2014 at each project studied by Evans et al. (2016).

Caspian terns, double-crested cormorants, and various western gull species feed on juvenile
salmonids in the inland reservoirs down into the estuary. While there are no stock-specific
estimates, data are beginning to provide a better understanding of the proportion of mortality due
to avian predation, including distinctions between species and river segments. Evans et al. (2016
looked at predation by species and age-class from above MCN to below John Day. The authors
concluded that avian predation was a substantial source of mortality of steelhead smolts,
accounting for much of the variation in mortality during outmigration, that predation on yearling
Chinook was generally lower and more variable than steelhead, and that overall mortality from
nesting birds on subyearling chinook was minor (Figure 15; Evans et al. 2016).
Management efforts have been implemented that have reduced these predation rates. Prior to
management, avian predation on UC steelhead was 17.2% and that dropped to 9% after
management began. Upper Columbia River spring chinook were 3.9% pre-management and
dropped to 1.6% post management (NWPCC 2018).
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The upstream migration of UC spring Chinook and steelhead is long and strenuous as they swim
roughly 500 miles upstream through 7-9 dams to spawn. Prior to development of the hydrosystem,
adult salmon and steelhead had to traverse a fast-moving, free-flowing river with falls and many
rapids to reach the spawning grounds. Today they navigate a series of slow-moving reservoirs and
fish ladders. The physical barriers created by dams have been shown to result in delays in
migration and may influence reproductive success but there is little evidence that dam passage
contributes to measurable direct mortality. In contrast, mortality does occur below Bonneville Dam
and in the reservoirs between dams. Operation of the dams influences survival of adult salmon and
steelhead by affecting migration rates, passage, fallback, and exposure to dissolved gas. Adult
passage can be adversely affected (i.e. delay, fallback) by the amount, location, and duration of spill
for juvenile passage, requiring a balance at each dam. Other mortality factors during upstream
migration include harvest, and environmental conditions such as temperature, pollutants, and
marine mammal predation (Dauble and Mueller 1993).
Migration timing varies slightly from one year to the next, but the order in which populations enter
the Columbia is consistent (Sorel et al. 2017). Populations of Upper Columbia River spring Chinook
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enter the Columbia estuary and pass over Bonneville Dam between March 15th and May 31st each
year. Populations of Upper Columbia River steelhead pass over Bonneville Dam between June and
September with a peak in early August. Overall travel times and migration rates of radio- and PITtagged adult salmonids from Bonneville Dam to the UCR vary by species/run, time of year, and
environmental conditions. Recent estimates of travel times and migration rates are similar to times
and rates observed during the early development of the FCRPS, when there were fewer dams.
Delays in dam passage for upstream migrating adult salmonids are associated with high levels of
spill (~40 kcfs), highly fluctuating spill, and high turbidity. In addition, elevated water temperatures
(>20°C) increase travel times between dams and through fishways at dams (Dauble and Mueller
1993; Caudill et al. 2007; Keefer et al. 2009; Keefer et al. 2018).
There are a variety of management concerns for steelhead in the mainstem Columbia because of
their long freshwater migration and residency periods, as well as use of habitats outside of their
direct migration route. These concerns include the potential need for surface‐flow (i.e., non‐
turbine) downstream passage routes at dams during traditional non‐spill periods. This is especially
an issue in winter and spring when many adult steelhead are present and can be overwintering in
reservoirs, migrating upstream (post-overwintering pre‐spawn fish), or moving downstream (post‐
spawn kelts and pre‐spawn adults that ‘overshoot’ their natal tributary) (Keefer et al. 2016).

As mentioned above, survival standards have been established for all mainstem dams and these
include standards for adult survival. The PUDs and action agencies update dam facilities and
operate the dams to optimize the overall survival of migrating adult fish. Commitments have been
made in the HCPs, Priest Rapids SSSA settlement agreement, and BiOps to attain a certain threshold
of survival and the remaining mortality is offset by mitigation measures such as hatchery
production and habitat enhancement. The associated plans, agreements, and BiOps establish
survival standards and detailed plans and timelines for achieving those standards. In contrast to
juvenile survival, there are no survival studies for adults.
The primary survival standard of the HCPs and Priest Rapids SSSA is to achieve and maintain the
overall 91% survival standard (Table 2). This translates to approximately 98% adult survival and
approximately 93% juvenile survival (0.98 X 0.93 = 0.91) (Table 2). At the time the agreements
were signed, participants agreed and acknowledged that adult fish survival as it related to the
projects could not be conclusively measured. Based on regional information, adult survival was
estimated to be 98-100%. The PUDs, NOAA Fisheries, and the signatories agreed in the HCPs that
until technology is available to differentiate hydro-related mortality from natural adult losses, the
PUDs will implement passage plans and initiate studies, at the direction of the Coordinating
Committees.
Similar to the mid-Columbia dams, the Federal Columbia River Power System (FCRPS) is managed
to provide safe and effective passage for adults returning to their home streams to spawn. Survival
through the hydrosystem for adult fish is evaluated using a 5-year rolling average of annual survival
estimates. The adult fish performance standards are survival estimates of PIT tagged adult fish
migrating between Bonneville and McNary dams.
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The method used to calculate adult survival estimates is called an “adult conversion rate” and is
used to isolate the effects of dam passage from other mortality sources such as harvest and
straying. The adult conversion rate measures the minimum survival of known-origin adult fish that
have passed Bonneville Dam to the last dam they passed before spawning (FCRPS BiOp, 2008). This
number can be adjusted by an estimate of in-river harvest rates and natural straying rates to try
and isolate the effects of the hydrosystem. Keefer et al. (2015) examined in depth the various fates
of adult salmon and steelhead in the FCRPS hydrosystem. The study found that the causes of lost
adults in the hydrosystem is very reach-dependent
Below we summarize the standards that have been agreed upon and the reported performance of
the PUDs and action agencies at meeting those commitments. More detailed information on agreedupon survival standards can be found in the corresponding BiOps for each project (NOAA Fisheries
2008; 2003a; 2003b, 2003c; 2008).
Several studies have looked at conversion rates by tagging adults, or using existing tags, and
looking at conversion rates between dams. These studies confirm that adult survival is generally
high when harvest is accounted for. Results from these studies are detailed below for both species.
NOAA Fisheries (Crozier et al. 2016) developed minimum survival estimates for UC spring Chinook
based on conversion rates from detection history at Bonneville, McNary, Priest Rapids, and Rock
Island Dam. The study found that conversion rates of Upper Columbia ESU fish within the
Bonneville to McNary reach averaged 82%. The standard for the FCRPS BiOp is 90.1% over a 5-year
period. Mean cumulative survival, from Bonneville to Rock Island Dam was 80% and ranged from a
low of 74% in 2006 to a high of 84% in 2013. Survival above McNary (McNary to Rock Island) was
over 94% in all years. Survival differences between wild and hatchery fish were evident: wildreared fish exhibited significantly higher survival (84%) compared to hatchery-reared fish (81%).
Yearly survival rates of Upper Columbia fish were driven by the most populous tag group,
Wenatchee. Examining survival among tag groups within the upper Columbia ESU, no statistically
significant difference was found among populations.
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Figure 16. Estimated survival (mean and SE) of adult UC spring Chinook between Bonneville and Rock Island Dam
between 2004-2015 with SE per year and average values per reach assessed (Crozier et al. 2016).

During their review of spring Chinook, the ISAB evaluated conversion rates above McNary dam for
known-origin fish and found very high conversion rates for spring Chinook (ISAB 2018). Using data
from 2010-2017, they calculated a conversion rate of 94% for McNary to Rocky Reach Dam for
spring Chinook (DPUD unpublished data 2017; ISAB 2018). Chelan PUD calculated an adult
conversion rate for Rock Island Dam using PIT tag data from 2010-2012. They estimated adult
survival for spring Chinook to be 99.9% for both the Rock Island Project and Rocky Reach Project
(Buchanan and Skalski 2011).
Keefer et al. (2015) studied reach converstion rates for radio tagged Chinook in the Lower
Columbia River from 2013-2014 (Figure 17). Final detections indicated that 65-69% of adult
Chinook salmon and 76-83% of jack Chinook salmon survived to pass McNary Dam with the
majority of these fish ultimately detected in tributaries or at dams in the Snake or upper Columbia
River basins. Rates in dam-to-dam reaches were lowest between Bonneville and The Dalles dams,
the reach with the most fisheries effort. Rates were generally highest between John Day and
McNary dams. The majority of the fish not detected at the next upstream dam were ultimately
harvested or detected in tributaries or at dams in the Snake or upper Columbia River basins. The
study was able to use PIT-tag movement and fishery data to correct conversion rates for a more
accurate estimate of survival. The study censored fisher-reported harvest and tributary fish, leaving
only the ‘unaccounted for’ group in the failed category. This metric was closest to managementbased methods that use counts at dams, harvest estimates, and estimates of tributary turnoff and
straying to ‘adjust’ reach conversion estimates (e.g., Dauble and Mueller 2000; the 2008 and 2014
Biological Opinions). Using this method, Keefer et al. (2015) calculated adult spring Chinook (not
UC-specfic) survival from Bonneville to McNary as 85%. Jack spring Chinook had higher survival
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(average=93%) likely because of lower fishing pressure. Jacks make up an average of 16% of the
spring Chinook run (DART 2018). In reaches with less fising pressure survival was calculated at
above 96%.

Figure 17. Adjusted conversion rates for adult spring Chinook and “early-run” steelhead through different
reaches of the Lower Columbia River. Source: Keefer et al. (2015).

Given the conversion rates presented above the following conversion rates from Bonneville Dam
for each UCR spring Chinook population can be estimated: Wenatchee [BON-RI]- 80%, Entiat [BONRR]- 77% [0.80 *0.94], and Methow and Okanogan [BON-WEL]- 75% [0.77* 0.98]. This rate
assumes a conversion rate of 98% from Rocky Reach through the Wells Project since that rate
cannont be estimated using the same methods.
NOAA Fisheries has also developed survival estimate for UC steelehead (Crozier et al. in press). The
study found that minimum survival (based on conversion rate) of Upper Columbia ESU fish within
the Bonneville to McNary reach was 82%. The standard for the FCRPS BiOp is 84.5% over a 5-year
period. Conversion rates from Bonneville to Rock Island Dam averaged 80% and ranged from a low
of 74% in 2006 to a high of 84% in 2013. Conversion rates above McNary (McNary to Rock Island)
were on average over 94% in all years. Survival differences between wild and hatchery fish were
evident: wild-reared fish exhibited significantly higher survival (84%) compared to hatcheryreared fish (81%). Yearly survival rates of Upper Columbia fish were driven by the most populous
tag group, Wenatchee. Examining survival among tag groups within the upper Columbia ESU, no
statistically significant difference was found among populations. Overall, the survival of Upper
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Columbia steelhead was 2.3% lower than other early runs (early Snake and Middle Columbia), and
5% lower than late-Snake MPGs.
Chelan PUD calculated an adult conversion rate for Rock Island Dam using PIT-tag data from 20102012. They estimated adult survival for the Rock Island Project for adult steelhead to be 99.3%. The
estimate for adult survival for the Rocky Reach Project for adult steelhead was 98.93% (Buchanan
and Skalski 2012).

Figure 18. Estimated survival of adult steelhead between Bonneville and Rock Island Dam between 2004-2015
with average values per reach assessed (Crozier et al. in press).

Keefer et al. (2015) also calculated reach conversation rates for radio tagged steelhead in the Lower
Columbia River from 2013-2014 (Figure 17). The study indicated that 45-46% of early steelhead,
and 72-73% of late steelhead passed McNary Dam. Upper Columbia steelhead are generally
classified in the “early” run. After excluding fish that were caught or migrated to tributaries
between the dams, early-run steelhead survival from Bonneville to McNary was 75%. In reaches
with less fishing pressure survival was calculated to be above 95%. The study had limited sample
sizes of upper Columbia stocks (assigned using genetic testing) but found that Bonneville-McNary
conversion estimates for genetic- assigned UC steelhead were 81.8% indicating that UC steelhead
may actually survive much better through the lower river than what is reflected in the aggregate
conversion.

In addition to the direct mortality that occurs in the reservoirs and in passage through the dams,
there is some evidence for latent adult mortality associated with dam passage, primarily as it
related to migration delay in the lower river. Migration delay is a concern during upstream passage
of adult salmonids because a lengthened migration period could deplete energy reserves and result
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in increased pre-spawning mortality or reduced reproductive success for returning adults (Dauble
and Mueller 1993). Another noted effect of dam passage is “headburn” lesions which are primarily
caused when fish collide with concrete or other structures at dams and fish passage facilities.
Headburn may be exacerbated in some fish that “fallback” or pass over spillways or through turbine
assemblies after having passed the dam through a fish ladder. Neitzel et al. (2004) studied the
prevalence and consequence of headburns and cranial lesions on salmon and steelhead and found
that spring Chinook with moderate to severe lesions reach upriver hatcheries in some cases, but
their progressive physiological deterioration and chronic infection status suggest that many of
these wounded hatchery and wild fish die in the river. The report concluded that pre-spawn
mortality loss to headburns may reach or exceed 22% of returning adult fish.
Pinnipeds can also cause injuries to adults during their upstream migration that lead to later prespawn mortality. Naughton et al. (2011) found that injuries from pinnipeds were common (mean
injury rate across 29 run-years = 36.5%) and were most common for spring Chinook salmon and
steelhead trout. Injury was not consistently associated with adult survival to spawning tributaries,
but some negative survival effects were detected.

Similar to juvenile survival, environmental and individual factors influence adult upstream survival
and conditions vary within and between years. There are several potential sources of mortality and
unaccounted-for loss in the hydrosystem. These include harvest (Dauble and Mueller 2000), natural
mortality (e.g., predation; see below), mortality associated with fallback at dams (Boggs et al. 2004;
Keefer et al. 2005), failure to pass dams (Caudill et al. 2007), straying into non-natal tributaries
(e.g., Keefer et al. 2008a; Marsh et al. 2012; Keefer and Caudill 2014), and environmental effects
such as exposure to high water temperature (Naughton et al. 2005; Goniea et al. 2006; Keefer et al.
2009). These potential factors are being assessed by Action Agencies, NOAA Fisheries, and the
PUDs as part of implementation of their BiOps.
Factors that affect adult survival include inherent characteristics of the fish as well as conditions
encountered en route (Crozier et al. 2016). Below is a summary of some of the documented
environmental and biological factors that influence adult survival through reservoirs and dams in
the Columbia.
Table 5. Factors affecting adult survival in the mainstem Columbia hydrosystem.
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For adults, the timing of when fish enter the river and start their upstream migration plays a major
role in their subsequent migration rate and survival. Upper Columbia spring Chinook are some of
the earliest arriving populations in the Columbia Basin. The Methow, Entiat, and Wenatchee all
peak before May 15th in their arrival at Bonneville Dam. Median date of arrival at Bonneville Dam is
3 May (SD 15.4 d) (Crozier et al. 2016). Within-year variability of median arrival at Bonneville is
generally lower in hatchery fish compared with wild fish. Timing of UC spring Chinook migration
with lower river temperature and water quality indicate that the majority of the run typically
passes through the lower river before critical temperatures are reached but the last portion of the
run encounters high temperatures above 20o C (Figure 19; DART 2018). When water temperatures
approach 20° C, adult salmon have difficulty migrating upstream, and at 22° C, migration stops
altogether (Keefer 2018). Columbia Basin Research has a tool that generates data on exposure
exposure above critical thresholds for tagged fish from individual ESU/DPS
(http://www.cbr.washington.edu/perform/). Based on the outputs of this tool from 2014-2018 at
Bonneville Dam, between 3-10% of the total UC spring Chinook run was exposed to temperatures
above 20o C (average 7% of the run). The majority of UC spring Chinook detected at Bonneville Dam
passed between late April and June (DART 2019).
Typically, spring Chinook migrate quickly upstream through the hydrosystem (30-50 km/day;
Fryer et al. 2017). Mean cumulative passage from Bonneville to Rock Island Dam is approximately
16 d (Crozier et al. 2016). Temperatures above Priest Rapids Dam are cooler than in the lower river
although fish migrate through these reaches later in the season. As discussed below, early migrating
spring Chinook have high rates of pinniped predation as the first Chinook to enter the Columbia
River. Delays in migration are known to increase the likelihood of mortality in the river (Crozier et
al. 2016).
Steelhead from the Upper Columbia DPS typically arrive early in the Columbia steelhead run, with
an arrival at Bonneville Dam between July 6 and September 11 (Hess et al. 2016; Crozier et al. in
press). Wenatchee steelhead arrive slightly later than the other UC populations. By 10 September,
75% of the Upper Columbia MPG has passed McNary Dam. Crozier et al. (in press) found that the
key factors that determined arrival day at BONN (in order or importance) were July temperature, a
discharge variable (flow or spill), hatchery origin, ocean years, and month at tagging. UC steelhead
encounter high temperatures in the lower river reaches with the majority of the run in July and
August when temperatures exceed 20o C (Figure 19; DART 2018). Crozier et al. (in press) found that
survival of UC steelhead decreases dramatically when temperatures at Bonneville Dam exceed 20o
C. According to the DART performance measures tool, between 2014-2018 at Bonneville Dam, 6796% of the total UC steelhead run was exposed to temperatures above 20o C (average 85% of the
run). The majority UC steelhead passed Bonneville Dam between early July and September (DART
2019). UC steelhead tend to move quickly through the lower four dams and up into the upper
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Columbia Region shortly after passing Bonneville. Fish that are predicted to be slow have been
found to be significantly less likely to be detected at McNary than fish that were predicted to be fast.

Figure 19. UC spring Chinook and steelhead (naturl-origin) run timing as compared with mean temperature
2009-2018 in the lower river (BON-MCN) and mid-Columbia reaches (PR-WEL). The 10%-90% peak (shading) of
the run is indicated as counted at Bonneville Dam (Federal Dams) and Priest Rapdis Dam (Mid-Columibia). End
dates for Chinook are based on run schedules for spring and summer Chinook (Columbia River DART 2018; Hess
et al. 2016; Hess et al. 2014)

During upstream migration, fish may ascend adult ladders but subsequently fall back downstream
over hydrosystem dams in what is referred to as “fallback” (Figure 20). These fallback incidents
may result in injury, mortality, migration delays, and/or bias in fishway counts. Fallback is often
involuntary, meaning the fish was intending to move upstream but involutarily or inadvertantly
pass back over the dam with dominant surface flows. Fallback for steelhead can either be
involuntary or voluntary because steelhead 1) are iteroparous and 2)often “overshoot” their
intended spawning areas and overwinter or spend extented periods of time in areas upstream of
natal rivers (Keefer et al. 2008; Murdoch et al. 2012; Figure 20). To move back down to their
spawning tributary they must pass back downstream Overshooting has also been documented in
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Chinook salmon, but for steelhead it appears to be a life history strategy (Boggs et al. 2004; Keefer
et al. 2008; Gallinat and Ross 2009). Richins and Skalski (2018) looked at Wenatchee (hatchery and
natural-orign) and Entiat (natural-origin) steelhead and found factors that influence fallback and
overshoot include water temperature (increasing temperature=higher fallback and overshoot),
origin (hatchery-origin=higher fallback and overshoot), ocean age of return (increased ocean
age=higher fallback and overshoot), fish ladder placement (ladder opposite tributary= higher
fallback and overshoot) and spill (can either increase unintentional fallback during upstream
migration or facilitiate intentional fallback during downstream migration).

Figure 20. Schematic of overshoot and fallback pathways (figure from Richins and Skalski 2018).

Boggs et al. (2004) examined fallback at eight Columbia River and Snake River dams from 1996 to
2001. For all years combined, about 22% of spring–summer Chinook salmon and 21% of steelhead
fell back at least once at a dam. Crozier et al. 2016 looked at fallback rates of UC spring Chinook at
FCRPS dams, Priest Rapdis, and Rock Island Dams between 2005-2014 and found that rates vary by
year and dam. The highest rates of fallback occurred at Bonneville Dam, where the mean fallback
rate was 9.8 (range 5.2-14.8) and fallback probability was 9% (range 5-13%). Fallback rates at
McNary Dam were nearly as high, with a mean estimated fallback rate of 9.4 (range 6.3-14.4), and a
fallback probability of 9% (range 6-14%). Rates at Rock Island and Priest Rapids Dam were low
over this 10-year period (5.4% and 1.4% respectively). The lowest rates of fallback for fish from the
Upper Columbia ESU occurred at The Dalles Dam, although data for estimates were available for
only two years (2013-2014).
Fallback for steelhead in the upper Columbia peaks in October and April when fish are moving
upstream to overwinter or downstrem to their spawning tributary (Richins 2018). The fallback
rates for steelhead are similar for all mid-Columbia dams. Approximately, 10% of the fish that
passed a dam fell back (range 7-12%). An examination of the fates for all fallbacks revealed that
62% of the radio-tagged steelhead that fell back at a dam were either tracked to known spawning
areas or successfully passed and remained above the fallback dam (57% for hatchery fish and
100% for natural-origin fish). Fallback effects on survival vary among dams and seasonally, likely
reflecting route differences (see Keefer et al. 2016). At Priest Rapids and Wanapum dams, the
fallback route was determined for most of the fish that fell back. The portion of the fallback fish
using each route was: 44-54% for the powerhouses, 31-48% for the sluiceways and 8-15% for the
spillways. Compared to other populations, UC steelhead appear to survive well moving downstrem
through the mid-Columbia Dams. Total success rates were higher for upper Columbia steelhead
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than lower Columbia or Snake River steelhead. Steelhead that fall back at dams are as likely to
survive to tributaries as those that do not fall back (Keefer et al. 2005).
As post-spawned steelhead (kelts) attempt to migrate downstream to return to the ocean, their
survival can be adversely affected by major dams. Research has shown migration success rates can
vary based on flow conditions and hydro project location (e.g., Columbia River vs. Snake River;
Wertheimer and Evans 2005). Higher flows and spill significantly reduce travel and passage times
for downstream-migrating kelts. (Fergeson et al. 2005). Passage survival is also affected by route,
with spillway routes (spillway weirs, traditional spill bays) providing greater proportions and
higher rates of survival than powerhouse routes (turbines and juvenile bypass systems
(Wertheimer and Evans 2005; Colotelo et al. 2014). The 2008 Biological Opinion calls for an
increase in the abundance of female steelhead through an increase in iteroparity (i.e., repeat
spawning) and this can be realized through a combination of reconditioning (capturing, holding,
and feeding post-spawned steelhead in an artificial rearing environment for the purpose of
regenerating vigor to enable repeat spawning) and in-river survival of migrating kelts.
Timing of river entry and residency in the lower river has been shown to strongly affect populationspecific survival rates. Lower survival may be related to increases in pinniped abundance in the
estuary and lower Columbia River. The prevalence and predation rates of pinnipeds prior to
hydrosystem development is unknown. Surveys conducted by WDFW and ODFW indicated that up
to 2,000 to 3,000 California sea lions and 1,000 Stellar sea lions were in the lower Columbia River
near Astoria during the spring in 2015. The continuing temporal increase in pinniped numbers may
be an important factor limiting Upper Columbia spring Chinook abundance. The estimated
consumption of all Chinook salmon populations combined by pinnipeds in the Columbia River
increased sharply over the past decade, likely exceeding mortality by fisheries. In-river mortality of
upriver spring/summer Chinook salmon adults peaked in 2014 and 2015 (~100,000 fish) and
decreased in 2016 and 2017 to levels (~22,000 fish) similar to those in 2010-2013 (~31,000 fish).
Estimates of adult Chinook mortality are highest in the estuary and Bonneville tailrace. The USACE
has been monitoring sea lion predation at Bonneville dam since 2002 and the last three years have
seen a marked increase in predation (Figure 21; Tidwell et al. 2017). Active management of sea
lions at Bonneville Dam is intended to reduce predation pressure on adults migrating through the
area.

Sea lion eating a salmon at Bonneville Dam. Photo from https://curiousgorgeblog.wordpress.com/24-bonnevilledam-wa/.
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Figure 21. Number of salmonids eaten by sea lions at Bonneville Dam. Shading indicated a higher level of
predation. Source: Tidwell et al. (2017).

Sorel et al. (2017) found a “gradient of risk” in relation to risk of pinniped predation. Populations
that had early arrival and transit timing were more vulnerable than those that exhibited later
migration timing patterns. Fish entering the river in late March took an average of 30 to 40 days to
pass through the Lower River, while those making this passage in mid-June needed only 5 to 10
days to transit this same portion of the river (Sorel et al. 2017). Thus, it is likely that adult Upper
Columbia River spring Chinook may spend over a month in this part of the river.
NOAA Fisheries modeling of pinniped predation has shown a trend of decreased survival for all
studied spring Chinook populations; the earliest arriving populations, including Methow spring
Chinook, have shown the greatest survival reduction in recent years (22%), followed by
intermediate arriving populations, including Entiat and Wenatchee spring Chinook (11%) relative
to the late-arriving populations (Figure 22, Sorel et al. 2017). Preliminary results suggest that the
potential impacts on population viability appear significant; further evaluation using life-cycle
models will increase our understanding of how predation at these levels impacts viability (Sorel et
al. 2017). For the early arriving Methow spring Chinook, an estimated 35% of the population was
lost to predation between the estuary and BON in 2015 (Sorel et al. 2017). Based on monitoring at
Bonneville Dam, predation from pinnipeds appears to have lessened in the last two years but still
remains high (Figure 21).
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Figure 22. UC spring Chinook survival from the estuary to BON in relation to pinniped predation (Sorel et al.
2017).

Questions remain about the potential impacts of pinniped-caused injuries on pre-spawn mortality
rates; however, adult monitoring at BON found pinniped injuries on 11% - 37% of spring Chinook
and steelhead (1999-2005, Scordino 2010) and monitoring at Wells has revealed up to 2% of
returning adults have injuries associated with net-drop out and pinniped related injuries severe
enough that they are presumed not to survive to spawn, but this assumption has not been validated
by empirical data (Tom Kahler, Douglas PUD, personal communication).
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Adfluvial bull trout originating from core tributaries in the Upper Mid-Columbia Region (Yakima,
Wenatchee, Entiat, and Methow) migrate up- and downstream through dams and reservoirs to
facilitate, foraging, overwintering, and spawning migrations between watersheds. Mainstem dams
have the potential to impact both the connectivity between bull trout Core Areas
(metapopulations), and the connectivity within migratory corridors. Habitat changes described
above likely also affected the abundance and spatial structure of bull trout in the Upper Columbia
Basin (Bull Trout Draft Recovery Plan 2002). There is some evidence to suggest that the increased
trophic productivity of Columbia River reservoirs may benefit bull trout, because bull trout rearing
in these reservoirs grow faster and larger there than do bull trout that remain in tributaries
(BioAnalysts 2003). The U.S. Fish and Wildlife Service’s Mid-Columbia Recovery Unit
Implementation Plan (RUIP) summarizes the threats asscoiated with passage and habitat effecits of
mainsteam dams in the Upper Mid Coloumbia core areas (USFWS 2015). Counts, survival and
passage of bull trout at mainstem dams are monitored by the mid-Columbia PUDs. Montioring at
each mainstem dam shows the number and timing of bull trout movement in the Columbia River
(DART 2018).
Movement patterns within the core areas; between the lower river, lakes, and other core areas; and
between the Chelan, Okanogan, and Columbia River habitats occurs regularly for some of the
Wenatchee, Entiat, and Methow core area populations. Detections of fish tagged at the Mid-
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Columbia hydropower projects and in tributaries show that bull trout in these watersheds can be
highly mobile and occupy both natal and non-natal streams at various lifestages. As such, the MidColumbia has been shown to be a highly connected area for bull trout when spawning, foraging and
overwintering (e.g. Nelson and Nelle 2016).
More recently, connectivity between the Entiat and Yakima core areas has been found with a
juvenile bull trout tagged in the Entiat moving in to the Yakima at Prosser Dam and returning at an
adult size back to the Entiat (USFWS 2015). Movement between the Upper Columbia core areas and
the Yakima River is less frequent than movement among the Upper Columbia core areas and
between the tributaries and reservoir areas. An average of just 5-6 bull trout passed upstream over
Wanapum and Priest Rapids dams in the last 10 years. Comparatively, an average of 60-150 bull
trout pass over Rock Island, Rocky Reach, and Wells dams each year as bull trout move among core
areas and between foraging, migration, and overwintering (FMO) habitats (DART 2018; Figure 23).
The largest number use Rocky Reach dam between the mouths of the Wenatchee and Entiat Rivers.
Upstream passage of adult bull trout through the fish ladders at mid-Columbia dams generally
occurrs between early May and late October, with peak passage typically occurring in May and July
depending on the dam (DPUD 2016; DART 2018).

Figure 23. Number of bull trout passing upstream through fish ladders at Rock Island, Rocky Reach, and Wells
dams between 2009-2018. On average, less than 10 bull trout pass over Priest Rapids and Wanapum dam each
year (DART 2018).

Downstream migration of bull trout typically occurs in fall and winter, although some bull trout
migrate during spring and summer. Downstream migration has been found to follow residency
upstream of the dam, either in the mainstem Columbia or one of its tributaries. Bull trout moving
downstream pass mainstem dams through the spillway, powerhouse, and juvenile bypass facilities
(BioAnalysts, Inc. 2009). Adfluvial adults are detected moving upstream to spawning tributaries
and then leaving in September-October, often searching for over wintering locations in lower
sections of tributaries or in the reserviors. They can spend all winter in the reserviors before
making a spawning migration that begins in May (Andrew Gingerich, Douglas PUD, personal
communication).
During relicensing at Wells Dam, Douglas PUD attempted to identify potential project-related
impacts on upstream and downstream passage of adult bull trout (fish ≥ 400 mm in length) through
Wells Dam and the reservoir. During the six year study and eight years of monitoring, 19
downstream and 79 upstream passage events took place at Wells Dam by radio-tagged bull trout
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within one year of release. All 27 of the radio-tagged bull trout that passed downstream through the
dam passed using either the turbines or spillways. Out of the 19 downstream passage events that
occurred within one year of tagging, zero bull trout injury or mortality was observed at the Wells
Project. Out of the 79 upstream passage events that occurred within one year of tagging, zero bull
trout injury or mortality was observed at the Wells Project (DPUD 2016).
BioAnalysts, Inc. (2009) reviewed the results of studies at Rock Island and Rocky Reach Dams
between 2005-2009. The study reported no mortality associated with the 56 downstream passage
events and 41 upstream passage events observed through the two dams. During a concurrent study
at Wells Dam (2005-2008), adult bull trout were trapped and radio-tagged at Wells Dam. During
the study 25 downstream passage events and 52 upstream passage events by 40 individual bull
trout were recorded at Wells Dam (DPUD 2016). Similarly, a more recent study found no evidence
of bull trout injury or mortality during upstream or downstream passage at Wells Dam (DPUD
2016).
In 2008 Douglas PUD developed a Bull Trout Management Plan (BTMP) to identify, monitor, and
address impacts, if any, on bull trout resulting from the Wells Hydroelectric Project. Chelan PUD has
similar plans in place for Rocky Reach Dam. The Wells BTMP is designed to meet the following
objectives: 1) Operate the upstream fishways and downstream bypass systems in a manner
consistent with the HCP; 2) Identify any adverse Project-related impacts on adult and sub-adult bull
trout passage; 3) Implement reasonable and appropriate options to modify upstream fishway,
downstream bypass, or operations if adverse impacts on bull trout are identified and evaluate the
effectiveness of these measures; 4) Periodically monitor for bull trout entrapment or stranding
during low Wells Reservoir elevations; 5) Participate in the development and implementation of
the USFWS Bull Trout Recovery Plan including information exchange and genetic analysis. Should
bull trout be delisted, the Wells Aquatic Settlement Work Group will re-evaluate the needs and
objectives of the BTMP; and 6) Identify any adverse impacts of Project-related hatchery operations
on adult and sub-adult bull trout. Annual reports related to the Wells BTMP can be found at
http://www.douglaspud.org/wells-project/aquatic-settlement-agreement/bull-troutmanagement-plan.

The Recovery Plan focuses on the viable salmonid population (VSP) criteria as the core measure
used to gauge progress toward recovery. Hydropower affects all four criteria – abundance,
productivity, spatial structure, and diversity, although there is still uncertainty about the extent of
these effects. Furthermore, the impacts of hydropower are mitigated to some extent through
habitat and hatchery measures. The mid-Columbia PUDs operate under agreements of “no-net
impact” and the lower Columbia federal dams operate to avoid jeopardy under measures called for
in the Biological Opinion and reasonable and prudent measures (RPAs) therein.
From the standpoint of understanding hydropower and its relationship with progress toward
recovery, the 2018 CRS BiOp and ongoing studies of survival and factors for mortality (e.g.
predation) will contribute to our understanding juvenile and adult migration through the
hydrosystem. A better understanding of the benefits of habitat and hatchery actions will also help
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evaluate the effectiveness of mitigation measures. Models have been developed that evaluate
different hatchery management options and outcomes. These outputs can help us understand how
hydropower and associated habitat and hatchery programs can potentially influence progress
toward recovery. The COMPASS model helps evaluate composite and cumulative effects of
hydrosystem passage, and life-cycle models relying on COMPASS results for the portions of the lifecycle affected by the hydrosystem, can be used to evaluate what effect hydropower has on the
viability of a population. A life-cycle model has been developed for Wenatchee spring Chinook and
uses the COMPASS model for hydrosystem effects.

Current Abundance Risk: High (NOAA Fisheries 2016b)
Hydropower leads to the direct loss of individuals through mortality at dams and reservoirs, and
potential latent mortality of juveniles in the ocean and adults in spawning tributaries. These losses
are offset by mitigation measures intended to increase abundance of natural-origin adults.
Population growth rate (productivity) provides information about how well a population is
performing, how well it can respond to low survival periods, and determines its future abundance.
Productivity is influenced by both freshwater tributary egg-to-emigrant survival, out-of-basin
smolt-to-adult return (SAR), and adult pre-spawn mortality. Mainstem survival through the
hydrosystem affects both SARs and pre-spawn mortality. See Habitat and Hatchery Summary
Reports for more information on the benefits of mitigation measures on abundance and
productivity.

Current Spatial Structure Risk: High (NOAA Fisheries 2016b)
A population’s spatial structure is made up of both the geographic distribution of individuals in the
population and the processes that generate that distribution. The construction of dams without fish
passage led to the direct loss of habitat for listed spring Chinook and steelhead. The dams limit the
potential for future expansion into areas upstream. The completion of these dams led to the loss of
more than half the historic habitat available to listed spring Chinook and steelhead in the region.
See Habitat and Hatchery Summary Reports for more information on the benefits of mitigation
measures on abundance and productivity.

Current Diversity Risk: High (NOAA Fisheries 2016b)
Dams have become major selective forces on migratory salmonid populations, thereby affecting
population and species diversity. Diversity in a population or ESU is especially important because it
is difficult to replace once it is lost. Much of the diversity within a population comes from local
adaptation to a particular environment over many generations. The loss of fish that exhibit diverse
life history strategies leads to the overall loss of life history diversity in the population. Hydropower
has the potential to inadvertently influence diversity and therefore rapidly erode the adaptive fit
between an ESU or population and its environment, thereby increasing its risk of extinction. This
influence could occur through several potential mechanisms. As discussed above, some proportion
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of the population exhibits migration behaviors outside the typical migration periods. These life
histories might experience a higher risk of mortality associated with dam passage because the dams
are not operated to support fish migration during all times of year (e.g. early migrating juveniles or
steelhead kelts). There may also be a shift in life history strategies due to the altered habitat in the
mainstem river and estuary. Water quality (TDG and temperature), flow, and predation have
changed due to alterations in the mainstem river. The effect of these changes on life history
strategies and life history diversity of juveniles and adults is unknown. Lastly, changes to the
mainstem river habitat likely have altered the rearing strategies of subyearling and yearling
Chinook, leading to extended reservoir rearing. This new or modified life history may benefit or
harm the population depending on how well they survive. Generally, any additional life-histories
buffers the population from stochasticity, increasing the portfolio diversity for freshwater rearing.
See Habitat and Hatchery Summary Reports for more information on the benefits of mitigation
measures on abundance and productivity.
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