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1.0 Introduction
1.1  General Description of the Priest Rapids Hydroelectric Project

Public Utility District No. 2 of Grant County, Washington (Grant PUD) owns and operates two
hydroelectric dams on the Columbia River in the State of Washington; Wanapum and Priest
Rapids, known collectively as the Priest Rapids Project (Project), and operated under the terms
and conditions of the Federal Energy Regulatory Commission (FERC) Hydroelectric Project
License No. 2114.

Wanapum Dam is located at river mile (RM) 415, south of the 1-90 bridge at Vantage,
Washington; approximately 38 miles downstream of the Rock Island Hydroelectric Project
owned and operated by Public Utility District No. 1 of Chelan County (Chelan PUD) and 18
miles upstream of Priest Rapids Dam. The dam is 8,637 feet long and 186.5 feet high and
includes a left and right bank fish passage structure, each with an upstream fish ladder.
Wanapum includes ten turbine units with a nameplate capacity of 1,038 megawatts (MW) and a
spillway with 12 bays. In April 2008, Grant PUD finished construction of the Wanapum Future
Unit Fish Bypass (WFUFB) in the vacant slot of future turbine unit 11 to aid in downstream
migration of salmonids. The Wanapum Reservoir is approximately 38 miles long and has a
surface area of approximately 14,680 acres. Active storage volume of the Wanapum Reservoir is
160,400 acre-feet and total storage is 693,600 acre-feet. Seven perennial streams (Douglas,
Tarpiscan, Johnson, Skookumchuck, Whiskey Dick, Quilomene, Trinidad, and Sand Hollow
Wasteway) enter into the Wanapum Reservoir.

Priest Rapids Dam is located at RM 397; approximately 18 miles downstream of Wanapum Dam
and the last dam on the Mid-Columbia River before it enters the Hanford Reach. The nearest
town is Desert Aire, Washington, which is located approximately two miles upstream on the
east-bank from Priest Rapids Dam. The Priest Rapids facility is 10,103 feet long and 179.5 feet
high and includes ten turbine units with a generating capacity of 855.0 MW and a spillway with
22 bays. Grant PUD is currently evaluating juvenile salmonid passage and behavior through the
Priest Rapids Top-spill bypass which includes modifications to spill bays 19 through 21 to allow
near surface route-specific passage. The Priest Rapids Reservoir is approximately 18 miles long
and has a surface area of approximately 7,725 acres. Active storage volume of the Priest Rapids
Reservoir is 48,600 acre-feet and total storage is 237,100 acre-feet. Two perennial streams (Crab,
Hanson) drain into the Priest Rapids Reservoir.

1.2 History of Pacific Lamprey-related Activities at the Priest Rapids
Hydroelectric Project

Over the past decade, Grant PUD has actively participated in the research of and mitigation for
Pacific lamprey related to the Columbia River hydro system and the Project area. The
development of Grant PUD’s Pacific Lamprey Management Plan (PLMP) has been a
formalization of recent research and implementation measures required in the Project’s License
Order as issued by the FERC on April 17, 2008 (FERC 2008), but is largely a continuation of
prior activities. Grant PUD was the first mid-Columbia River utility to assess the passage of
lamprey in and through its project area (Nass et al. 2003) and to identify potential actions and
modifications to improve successful passage (Final License Application, Grant PUD 2003)
without compromising adult salmonid passage. Results of the 2001-2002 lamprey telemetry
studies in the Project area formed the basis of proposed modifications which are being conducted
as part of implementation of the PLMP. These past studies and measures are partly the result of
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participation at the regional level and cooperating with tribes, agencies, and other hydroelectric
operators to address resource challenges and their potential solutions. In particular, Grant PUD’s
past and present participation in the Columbia River Basin Lamprey Technical Work Group
(CRBLTWG) has made them an integral part of the regional research foundation. As a founding
participant, Grant PUD assisted in the development of the “Critical Needs and Uncertainties”
document and provided information to support the Tribal Recovery Plan (Nez Perce Umatilla,
Yakama, and Warm Springs Tribes 2009). More recently, Grant PUD has and continues to
participate in and provide support to the U.S. Fish and Wildlife Service (USFWS) Lamprey
Conservation Initiative and the Yakama Nation Lamprey Recovery Planning efforts and
Columbia River Inter-Tribal Fish Commission’s (CRIFC) Tribal Restoration Plan.

Past activities and future measures implemented by Grant PUD to mitigate for Project impacts to
Pacific lamprey are extensive and on-going. Many of the actions and measures recommended by
tribal and agency lamprey experts to address hydroelectric project impacts on lamprey are, in
general, a result of actions or fish ladder modifications that are currently or were previously
implemented by Grant PUD. These include fish counting facilities that operate 24 hours a day, 7
days a week for the upstream migration period; written fishway fish collection dewatering
procedures conducted by qualified biologists to ensure safe recovery of all fish species present
(Grant PUD 2010); and juvenile lamprey protection as a result of Grant PUD’s avian predation
and Northern pikeminnow control programs that have been proven to be effective at minimizing
impacts to juvenile salmonid outmigrants.

Physical fish ladder and dam modifications include the use of “slotted” (hour-glass style)
fishway entrances that provide differential velocity elevations with a range of high and low
velocity corridors to suit different species, improved 24-hour video fish counting stations to
collect reliable and accurate count data, and downstream migrant bypass systems to meet
juvenile salmonid survival criteria. Grant PUD believes measures developed to reduce impacts to
juvenile salmonids will benefit juvenile Pacific lamprey as well. The slotted entrances were
installed prior to the 2001-2002 lamprey study and have provided effective fishway entrance
efficiency. Now, similar entrances are being installed by the Army Corps of Engineers (ACOE)
at lower Columbia River dams (D. Clugston, ACOE, personal communication). The fish
counting stations have undergone several staged modifications starting with the conversion from
count board stations (visual) to dual orifice video stations, and in 2010, conversion to engineered
crowders which utilize a single orifice video station and picket leads with % - inch gap spacing to
accurately enumerate all adult lamprey counts. Significant improvements for downstream
passage have been achieved by development of the Wanapum Future Unit Bypass and the Priest
Rapids top-spill bulkhead for juvenile salmon which presumably provides a high survival
alternative passage route for lamprey.

Grant PUD’s continued efforts have contributed to the state-of-the-science for Pacific lamprey
including: participation in regional forums and conferences; conducting telemetric passage
evaluations and literature research; evaluating turbine intake emergency wheelgate slot exclusion
screens and; providing upstream and downstream fish passage facilities and support for full-
duplex (salmon) and half-duplex (lamprey) passive integrated transponder (PI1T) detection
systems for the ACOE basin-wide assessments; and providing educational opportunities for the
public to understand the ecological and tribal importance of lamprey in the Columbia River
basin.
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As referenced in the FERC Order (Order Modifying and Approving Pacific Lamprey
Management Plan, Article 401(a)(12) and Water Quality Certificate Condition 6.2(5)(b)), 127
FERC {62, 091, Grant PUD is required to develop, in consultation with the Priest Rapids Fish
Forum (PRFF), and implement a comprehensive evaluation of adult lamprey passage at the
Project. As outlined in its PLMP, Grant PUD implemented measures to improve lamprey
passage in 2010. These efforts include conducting inspections of the Project passage facilities by
the PRFF members, and the installation of passage-enhancing structures in the fishways at Priest
Rapids and Wanapum dams. New structures included diffusion grate aluminum plating, ramps
ascending perched orifices, and lamprey-friendly video fish count crowders; all specifically
designed to facilitate lamprey passage. To facilitate tagging and fish husbandry research, Grant
PUD expanded its fish handling facilities at Priest Rapids Dam by building innovative adult
lamprey trapping and holding facilities for the most efficient and non-invasive processing of
study fish. Following the installation of these structures, Grant PUD and the PRFF conducted a
study of the effectiveness of these modifications during the summers of 2010 and 2011. While
the number of lamprey returning to the Columbia River were not sufficient for tagging at Priest
Rapids, the extensive half duplex passive integrated transponder (HDX-PIT) array at Priest
Rapids and Wanapum dams was operated to monitor the passage of lamprey originating from
tagging activities conducted at dams downstream of Priest Rapids Dam. A total of 20 HD-PIT
arrays were operated each migration season to track lamprey through the project area (Appendix
C). Further, the installation and monitoring of underwater video arrays at strategic locations was
conducted in 2010 to evaluate the use of the passage structures by lamprey (Appendix D).

Grant PUD has been active with respect to investigations related to Pacific lamprey passage
research through its historical activities and proactive implementation of research and mitigation
measures included in the PLMP. Grant PUD is committed to continue into the future in a similar
manner. This report demonstrates the continued allocation of effort and capital resources to
achieve the goals and objectives of the PLMP.

1.3 Purpose of the Report

Grant PUD is required to submit the PLMP Comprehensive Annual Report (PLMP
Comprehensive Annual Report) in accordance with the Project’s License Order, issued by the
FERC on April 17, 2008 (FERC 2008), and the 401 Water Quality Certification, issued by the
Washington Department of Ecology (WDOE) on April 3, 2007 and amended March 6, 2008
(WDOE 2007; FERC 2008), which states:

License Order: The licensee shall file annually with the Commission by March
31, beginning 2010, their Annual Pacific Lamprey Management Report. The
report shall include the reporting requirements identified under implementation
measure 1 of the Biological Objectives and Implementation Measures under
Appendix C of the Washington State Department of Ecology 401 Water Quality
Certification. Additionally, the licensee’s report shall include an updated
implementation schedule and identify any variations from the schedule provided
in the licensee’s filed plan. The licensee shall prepare their report in consultation
with the Priest Rapids Fish Forum and allow the Priest Rapids Fish Forum 30
days to review and comment on the report prior to filing with the Commission.
The licensee’s report shall include any resource agency and Tribe comments and
the licensee’s response to any comments. The Commission reserves the right to
require changes to their plan based upon review of the report.
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401 Water Quality Certification, Appendix C: By March 31 following issuance of
the New License, and each year thereafter for the term of the New License, [Grant
PUD shall] provide an annual report summarizing activities undertaken to
identify and address impacts of the Priest Rapids Project on Pacific lamprey,
including results of those activities. This report shall include a compilation of
information on other Pacific lamprey passage and survival investigations and
measures being undertaken in the Columbia River Basin in order to determine if
adult and juvenile measures being investigated and/or implemented at the Priest
Rapids Project are: (i) consistent with similar measures taken at other projects;
(ii) appropriate to implement at the Priest Rapids Project; and (iii) cost effective
to implement at the Priest Rapids Project.

To fulfill the requirements, the report is structured as follows:

e Section 2.1: Background and existing information (i.e., through October 31, 2010) about
Pacific lamprey passage and survival investigations and measures undertaken in the
Columbia River Basin.

e Section 2.2: Information from the reporting year (i.e., November 1, 2010 through October
31, 2011) about passage and survival investigations and measures being undertaken
throughout the Columbia River Basin.

e Section 3.0: Status report on Pacific lamprey activities underway at the Project, including
identification of any variations from the schedule provided in the PLMP (Grant PUD
2009).

e Section 4.0: An evaluation of whether recent activities in the Columbia River Basin
should be considered for the Project.

e Section 5.0: A summary of preliminary conclusions regarding Pacific lamprey activities
to date, anticipated activities in the Columbia River Basin, and future activities at the
Project for the upcoming year.

1.4 Consultation

Pursuant to the reporting requirements, Grant PUD provided a complete draft of the PLMP
Comprehensive Annual Report to the PRFF on January 28, 2012 for review. Written comments
were received from WDOE on January 31, 2012. A summary of comments by the PRFF as
received by Grant PUD on the draft PLMP Comprehensive Annual Report have been compiled
along with responses from Grant PUD (Appendix B). The summary is based on written
(Appendix A) comments.

2.0 Pacific Lamprey Activities in the Columbia River Basin
2.1  Background and Existing Information

Pacific lamprey (Lampetra tridentata) are indigenous to many of the tributaries of the Columbia
(Jackson et al. 1997a, Jackson et al. 1997b) and the Snake Rivers (Close et al. 1995). Wydoski
and Whitney (1979) reported that the Pacific lamprey is one of three species of lamprey in the
Columbia River Basin where river lamprey (Lampetra ayresi) and western brook lamprey
(Lampetra richardsoni) have been known to exist. Western brook lamprey and river lamprey
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distributions overlap with the more common Pacific lamprey but populations are concentrated to
coastal tributaries and the lower reaches of the Columbia River (Kostow 2002).

The Pacific lamprey is an important fish of cultural, utilitarian, and ecological significance
(Close et al. 2002). Close et al. (1995) reported that Native American tribes of the Pacific Coast
and interior Columbia Basin harvested Pacific lamprey for subsistence, ceremonial, and
medicinal purposes. In addition, a commercial fishery for Pacific lamprey also occurred during
the 1940s and was used as food for livestock and cultured fish. Pacific lamprey are important
ecologically throughout their life in terms of nutrient cycling, both as predator and prey. As
juveniles, lamprey are filter feeders of detritus and algae, and a food source for fish and birds
(Close et al 2002). In the past when they were more numerous, downstream migrants were likely
an important food source to fish and birds and may have provided a buffer for juvenile salmon
migrants. As adults, lamprey are opportunistic feeders and prey on a variety of fish species,
thereby minimizing their impact on any particular one species. Adult Pacific lamprey are also a
prey item to marine mammals such as sea lions and likely attract predation away from adult
salmon (Close et al. 2002). Pacific lamprey carcasses are a food source to sturgeon, and
decomposition provides marine-derived nutrients to riverine systems.

Adult lamprey counts have decreased at all Columbia and Snake River dams as compared with
historical estimates, with the greatest declines occurring at the upper Columbia and Snake River
projects. Passage counts of adult and juvenile lamprey at Bonneville, the Dalles, John Day,
McNary, Ice Harbor, Rock Island, Rocky Reach, and Wells dams indicate a general decreasing
trend; large declines occurred in the late 1960s and early 1970s (BioAnalysts 2000).

Based on the decreasing trend of adult Pacific lamprey, conservation groups filed a lawsuit
against the U.S. Fish and Wildlife Service (USFWS) in May 2004 to compel USFWS to act on
their January 27, 2003 petition to list four species of lamprey for protection under the
Endangered Species Act (ESA), including Pacific lamprey. On October 1, 2004, the USFWS
initiated its 90-day finding process as part of a settlement with the conservation groups. On
December 22, 2004, the USFWS announced that a petition to list four species of lamprey did not
contain sufficient information to warrant further review at that time.

Although Pacific lamprey are currently not ESA-listed, increased regional activity in the
Columbia basin aimed at developing coordinated conservation and recovery strategies are
proceeding. In addition to the ongoing efforts of the CRBLTWG and implementation activities
associated with operations of FERC licensed and federal hydroelectric facilities (e.g., ACOE,
Grant PUD, Chelan PUD, early implementation by Douglas PUD, and Portland General Electric
[PGE]), the USFWS-led Pacific Lamprey Conservation Initiative, continued its activities by
making available its Pacific Lamprey Assessment and Template for Conservation Measures
document. The assessment and template for conservation measures is the first of a three part
process. This first phase of the process identifies critical uncertainties regarding Pacific lamprey
life history and improves the scientific understanding of the importance of Pacific lamprey in the
ecosystems of the United States. Subsequent to this first phase, conservation agreements and
regional implementation plans will also be developed (USFWS 2011).

2.1.1 General Biology and Ecology

Elongate and snake-like in form, the Pacific lamprey is a relatively poor swimmer in high
velocity areas due to its anguilliform swimming motion as contrasted with the more efficient
subcarangiform motion used by salmonids (Weihs 1982 as cited in Mesa et al. 2001). The
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lamprey does not have rigid fins, but rather dorsal and ventral fin-folds with minor cartilaginous
ray-like supports. In addition, it lacks a swim bladder and must continue swimming (or attach to
substrate), or it will sink.

Pacific lamprey are cartilaginous, jawless, anadromous fish that develop morphologically and
physiologically in three primary stages. First, Pacific lamprey begin as larvae that hatch after
approximately 19 days at 15°C (Close et al. 2002). After hatching, larvae drift freely downstream
until encountering suitable substrate (silt and sand) and flow conditions (low velocities) for a
sedentary lifestyle (Pletcher 1963 as cited in Close et al. 2002). Ammocoetes reside burrowed in
fine sediment (Close et al. 2002) for a period of 4 to 6 years filter feeding on diatoms, algae, and
detritus by pumping water through their branchial chamber (Beamish and Levings 1991).
Beamish and Levings (1991) observed peak downstream movement of ammocoetes during May
and June (Table 1) and determined ages to range from two to six years (using statolith analysis;
Volk 1986 as cited in Beamish and Levings 1991).

Table 1 Annual timing of key biological events in the freshwater life history of Pacific
lamprey.

Anmual Timing of Key Biological Events in the Freshwater Life History of Pacific Lamprey

Event JAN | FEB | MAR] APR | MaY| TUN | JUL | AUG]| SEP OCT | NOV | DEC

. 1
Ammocoete downstream migration Unk

- . .1
Young adult downstream migration | Unk [5=
Metamorphosis / Transition

Parasitic feeding initiated

. 2
Entry into saltwater

1 Beamish and Levings (2001)
” Beamish (1980)

Peak period = dark shade -

Pacific lamprey then enter a transformation phase characterized by morphological and
physiological changes that begin in the latter period of substrate residence. The young adult stage
continues during stream residence and into the period of downstream migration from their parent
streams to the ocean. The causal mechanisms which initiate the transformation process, trigger
emergence from the substrate, and result in migratory behavior are unknown or undocumented.
Young adult lamprey are also termed macrophthalmia following major morphological changes,
but prior to parasitic feeding (Hardisty and Potter 1971 as cited in Beamish 1980). Pacific
lamprey transform from ammocoetes to macrophthalmia from July to November (Hammond
1979 and Close et al. 2002). During transformation, the shape and angle of the head and mouth
changes, and the gut develops to allow consumption of flesh and fluids (Hart 1973). The onset of
transformation occurs over a relatively large range in lengths. Beamish (1980) observed
characteristics associated with metamorphosis in lamprey ranging from 47 millimeters (mm) to
160 mm in length. As such, there is overlap in the length distribution of larval ammocoetes and
macrophthalmia. The macrophthalmia migrate to the ocean between late fall and spring (Table
1).

Beamish and Levings (1991) determined age distributions for macrophthalmia to be 4 to 8 years
using statolith analysis (Volk 1986 as cited in Beamish and Levings 1991). Metamorphosing
lamprey moved into progressively more rocky and higher flow environments over time (Richards
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1980 as cited in Beamish 1980), which may be related to their specific stage of transition.
Concurrent downstream migrations of several different lamprey life-stages (including
ammocoetes and young adults of many different stages of metamorphosis) has been observed
(Table 1), providing evidence of natural variation in the timing and developmental stage of
migrating lamprey (Beamish and Levings 1991).

Juvenile Pacific lamprey have been found to be largely nocturnal, with > 90% of their swimming
activity restricted to hours of darkness (Moursund et al. 2000). This is consistent with prior
reports that outmigrating individuals were more active at night while settling onto or into the
substrate during the day (Hardisty and Potter 1971 as cited in Moursund et al. 2000; Beamish
and Levings 1991). However, strict diel movement patterns appear to be restricted to the upper
watershed areas, whereas the migration appears more or less continuous (night and day) in the
lower parts of the river (Beamish and Levings 1991).

In the mid-Columbia River area, including the Project, juvenile lamprey are collected
incidentally during juvenile salmon collection or salvage activities from April through June. At
Priest Rapids and Wanapum dams, juvenile lamprey have also been observed during an
evaluation of the emergency wheelgate slot exclusion screens (Wright et. al., 2010). These
results suggested that downstream run timing of juvenile lamprey coincides with spring runoff
upstream of the Priest Rapids Project and throughout the Columbia Basin and supports historical
run timing trends of juvenile lamprey (Wright et. al, 2010). Juvenile lamprey are also
infrequently collected during the fish bypass operation of gatewell dipping (Grant PUD,
unpublished data). A portion of these fish are counted and measured for length during juvenile
salmonid survival and behavioral evaluations. All fish are subsequently released downstream of
the Project. In some years, lamprey have been counted, but not identified beyond the genus level
of classification (there are three species of Lampetra in the Columbia River). In a separate
operation, fyke net sampling at Wells Dam caught lamprey during the period March through
August, with the highest catches occurring in May and June (BioAnalysts 2000).

Lamprey are considered adults once all transformations are complete and parasitic feeding
begins; a process that is likely completed in salt water (Richards and Beamish 1981 as cited in
Beamish and Levings 1991). In addition, laboratory research by Beamish (1980) surmised that
completely transformed lamprey (i.e., adults) must move into a saline environment within a
relatively short period of time, or they will die. Specifically young adults completing the
transition to adulthood between June and September need to be in salt water by January.
Physiological experiments showed that Pacific lamprey in the Fraser River begin entering
saltwater in December and continue through June (Beamish 1980; Table 1). As an adult (100-
700 mm), the animal is fully developed to handle life in salt water, which ranges from 1.5 to 3.5
years (Kan 1975 and Beamish 1980 as cited in Close et al. 2002). In the ocean Pacific lamprey
adults feed as external parasites on marine fish and mammals before returning to freshwater to
spawn (Beamish 1980 and Close et al. 2002). Information on Pacific lamprey migration patterns
during ocean residency remains a significant data gap for researchers and managers.

Given the basic understanding of the species biology and ecology (in freshwater), recent work on
Pacific lamprey has generally focused on topics such as developing more resolute site-specific
information on the distribution and abundance of lamprey “populations”, and lamprey
physiology. However, in addition to site specific distribution and abundance activities, lamprey
biologists and researchers have begun to collect the information and develop the necessary tools
to address factors that may limit species persistence and recovery. Throughout the Columbia
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River basin, various activities are being implemented. Activities associated with documenting
key habitat related to spawning, rearing, and overwintering habitat as well as nest and
escapement surveys are being conducted annually in the Deschutes watershed. Furthermore, a re-
introduction evaluation above Pelton Round Butte Dam is also occurring in the Deschutes. In
the Yakima watershed, movement patterns, overwintering and spawning areas for adults and
juvenile distribution and abundance sampling are occurring. Multi-year juvenile distribution and
abundance sampling and larval trend monitoring is occurring in the Klickitat, Wenatchee, Entiat
and Methow watersheds. Researchers are studying the physiological ecology and life history of
adult lamprey during their freshwater residency in the Willamette River and developing
statistical approaches to evaluate patterns of occupancy and distribution and deep water survey
methods. In the laboratory setting, researchers are conducting swim performance, behavior,
barotrauma impacts, anesthetic efficacy and oxygen consumption experiments as well as
assessing the effects of contaminants on lamprey (see Section 2.2: Updated Information for
additional details).

2.1.2 Migration in Rivers

The upstream migration of adult Pacific lamprey in the Project area (RM 397-453) typically
occurs from May through November, with peak migration occurring in August (Nass et al.
2003). In the lower Columbia River (Bonneville Dam, RM 146), this timing is shifted earlier by
approximately one month (Ocker et al. 2001). Similarly, peak migration past dams upstream of
Priest Rapids occur two to four weeks later. As expected, numbers of lamprey observed at
successive dams decreases as fish enter tributaries or cease migration to overwinter, however the
inherent challenges of counting lamprey is apparent in the years when counts at upstream
facilities are higher than downstream facilities. Timing of freshwater entry is closely tied to
water temperatures and somewhat with discharge. Keefer et al. (2009a) reported that few
lamprey pass Bonneville Dam before water temperatures reach 15°C and half the run, on
average, pass by the time water temperatures reach 19°C.

Median upstream migration rates have been estimated at 10 RM/day and 13.7 RM/day on the
Columbia River (Jackson et al. 1997b and Vella et al. 2001, respectively), and 6.8 RM/day on
the John Day River (Bayer et al. 2001). HDX-PIT tagged lamprey migrated at rates of 7.7
RM/day to 8.5 RM/day between Bonneville and McNary dams (~146 miles). As with timing,
migration rates were correlated with water temperatures and inversely related to discharge
(Keefer et al. 2009b). At Priest Rapids and Wanapum reservoirs, median upstream migration
rates were 3.0 RM/day and 6.8 RM/day, respectively (Nass et al. 2003). Pacific lamprey that are
migrating upstream are likely heading to holding and/or spawning areas to overwinter. Upstream
migration has been documented to cease in mid-September (Beamish 1980 as cited in Close et al.
2002), and resume in mid-March of the following spring if the final spawning destination has not
been reached (Bayer et al. 2001).

Spawning occurs in the summer (June and July) following the upstream migration year (Beamish
1980 as cited in Close et al. 2002). Lamprey prefer low-gradient reaches, with gravel-pebble-
sand substrate for spawning (Mattson 1949 and Kan 1975 as cited in Close 1995), Further,
spawning typically occurs in lotic habitat with velocities ranging from 3 to 4 feet per second
(ft/sec) and in depths ranging from 1 to 3.3 feet (Kan 1975). Both sexes begin moving rocks with
their buccal funnel to create nests in excavated depressions (Pletcher 1963). Courting consists of
a male approaching a female with a gliding motion to stimulate the female. A male attaches his
buccal funnel to a female’s head, and then wraps his body around the female to provide mixing
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of simultaneously released gametes. Each spawning act releases approximately 100 to 500 eggs
(Pletcher 1963). Nest dimensions are approximately 12 inches wide, 1 to 2 inches deep, and oval
in shape. Pacific lamprey die after spawning (Hart 1973) within 3 to 36 days (Kan 1975).

Pacific lamprey do not appear to have natal homing tendencies (return to a place of origin), but
will migrate to other locations (Hatch et al. 2001). Distribution is more uncertain in the mid-
Columbia area above Priest Rapids Dam compared to the lower Columbia, but since 1958 the
furthest upstream extent on the Columbia River has been Chief Joseph Dam where there are no
fish passage facilities.

Recent work on adult lamprey migration in rivers has used active tag technology including radio-
telemetry and juvenile salmon acoustic telemetry system (JSAT) tags. These studies are
occurring in reservoirs of the ACOE projects in the Lower Columbia and Snake rivers and in the
Willamette River (see Section 2.2: Updated Information for additional details).

Information regarding juvenile migration in rivers is limited. Much of the information available
has been collected anecdotally during tributary operations targeting juvenile salmonid
outmigrants and is consistent with previous information regarding timing and the environmental
variables associated with such movements. Recently, juvenile lamprey were observed using dual
frequency identification sonar (DIDSON) during an evaluation of the emergency wheelgate slot
exclusion screens at Priest Rapids and Wanapum dams (Wright et. al., 2010). These results
suggested that downstream run timing of juvenile lamprey coincides with spring runoff upstream
of the Priest Rapids Project and throughout the Columbia Basin and supports historical run
timing trends of juvenile lamprey, and the size of lamprey recorded by the DIDSON also
supports the distribution of recorded lamprey to be primarily juveniles (Wright et. al, 2010).

Over the past decade the lack of available tag technology has limited researchers and fish
managers’ ability to collect more detailed information to better understand and address
challenges of juvenile lamprey movement. BioAnalysts (2000) summarized anecdotal
information on the distribution of juvenile lamprey in tributaries of the mid-Columbia, which
include the Wenatchee, Entiat, Chelan, and Methow rivers. Recent evidence indicates the
presence of lamprey in the Similkameen River, a tributary of the Okanogan River (T. Holder,
Washington Department of Fish and Wildlife, personal communication) previously thought
unused by Pacific lamprey. Further, juvenile Pacific lamprey have been captured in rotary
trapping operations on the Okanogan River near Malott (M. Rayton, Colville Tribes Fish &
Wildlife, personal communication). Researchers are also beginning to evaluate the efficacy of
different irrigation diversion screen panels to prevent juvenile lamprey impingement and
entrainment at these locations (see Section 2.2: Updated Information for additional details).

2.1.3 Population Status
2.1.3.1 Distribution

Pacific lamprey are native to the Columbia River Basin and their spawning migration extends
into many inland rivers draining Oregon, Washington and Idaho (Kan 1975; Hammond 1979;
and Simpson and Wallace 1982). Collections and historic observations of Pacific lamprey are
common in the Columbia River below the mouth of the Deschutes River. Areas include
numerous small tributaries such as Fifteenmile Creek, Gnat Creek, Elochoman River, and larger
tributaries such as the Willamette River. Lamprey probably used all accessible watersheds in the
Lower Columbia, including mainstem and slough habitats. A comparison of counts at Bonneville
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Dam to harvest at Willamette Falls during the 1940s indicates that Pacific lamprey were
probably more abundant in the Willamette subbasin at that time than they were anywhere upriver
of the Columbia River Gorge (Kostow 2002).

Watersheds upstream of the Columbia River Gorge, specifically noted in historic collections and
observations, include the Deschutes extending into the Crooked River above Pelton/Round Butte
Dam, John Day, Umatilla, Walla Walla, Yakima, Entiat, Okanogan and Kootenay Lake. In the
Snake River Basin, collections and historic observations have been made in the lower Palouse,
Clearwater, Salmon, Grande Ronde, Imnaha, and upstream to at least the Powder River. Historic
records are too sparse to determine the full extent of historic occupation of these basins; however
recent work has focused on collecting more current distribution information and a report
documenting the current status of Pacific lamprey in some of these river basins was published in
2011 (IDFG 2011). In the upper Columbia River basin, distribution information is being
collected in the Wenatchee and Methow rivers while adult translocation activities by the Nez
Perce Tribe indicate that juvenile lamprey in Asotin, Lolo, Newsome and Orofino creeks in the
Snake River were primarily the progeny of translocated adults (Chris Peery, USFWS, personal
communication).

The current distribution of Pacific lamprey is substantially reduced from the historic distribution.
Lamprey have been lost from all areas that are blocked by impassible barriers. These barriers
include the Willamette subbasin dams, and other high dams such as the Pelton/Round Butte
complex (Deschutes), Dworshak (Clearwater), Hells Canyon complex (Snake), and Chief Joseph
Dam (Columbia) that block upstream passage by all migratory fish. Lesser barriers that may pass
salmonids also block upstream passage by lamprey, including smaller dams like Powerdale on
the Hood River, and small water diversion dams, culverts, tide gates and numerous other
barriers. Adult Pacific lamprey are known to pass through the Project, but no radio-tagged
lamprey were observed to use tributaries in the Project area (Nass et al. 2003).

2.1.3.2 Abundance

Pacific lamprey populations of the Columbia River have significantly declined in abundance in
recent years as evidenced by counts at dams on the lower Columbia and Snake rivers (Close et
al. 1995; Vella et al. 1999; Close et al. 2002). Starke and Dalen (1995) reported that adult
lamprey counts at Bonneville Dam that regularly exceeded 100,000 fish in the 1960s were
estimated at approximately 22,000 in 1993. Specific reasons for this decline are not fully
understood, but have been related to similar factors contributing to the decline of Pacific salmon.
Close et al. (1995, 2002) identified several factors that may account for the decline in lamprey
counts in the Columbia River basin. This includes reduction in suitable spawning and rearing
habitat from flow regulation and channelization, pollution and chemical eradication, reductions
of prey in the ocean, and juvenile and adult passage problems at dams. Comparison of counts
between dams and between years is complicated by variable and inconsistent sampling protocols
(BioAnalysts 2000), potential over-wintering between dams, changes in personnel, and counting
station passage efficiency (the ability of count station equipment to force individuals through a
counting area for observation). Annual counts of adult Pacific lamprey passing select mainstem
dams in the Columbia River basin are summarized below in Table 2.

Efforts are underway to improve estimates of the number of adult lamprey passing dams using
nighttime video at count stations (Clabough et al. 2009). Adding nighttime passage through
count windows increased estimated escapements at Bonneville Dam by 42% in 2007, but
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decreased the estimated escapement to a negative value in 2008. The net downstream movement
observed at Bonneville Dam in 2008 indicates that fish were passing by unmonitored routes such
as through picketed leads at count stations. At The Dalles, adding nighttime counts increased

estimated escapement by 42% in 2007 and by 70% in 2008.

In addition to adult dam counts, the lack of ammocoetes in surveys in the Snake River basin and
limited information of juvenile use in Upper Columbia River tributaries may be an indication of
the decline of Pacific lamprey. A study conducted by Idaho Fish and Game from 2000 to 2006

determined that Pacific lamprey currently occupy only about 25% of their historic distribution in
the Snake River basin (Hyatt et al. 2006).

Table 2 Annual counts of adult Pacific lamprey at select Columbia and Snake River
basin dams.*

Year McNary Priest Rapids Wells Ice Harbor Lower Granite
2000 1,281 1,468 NA 315 28
2001 2,539 1,624 261 203 27
2002 11,282 4,007 338 1,127 128
2003 13,325 4,339 1,408 1,702 282
2004 5,888 2,647 291 805 117
2005 4,158 2,598 212 461 40
2006 2,139 3,273 21 255 35
2007 3,389 3,419 32° 288 34
2008 1,530 5,083 72 264 61
2009 676 2,713 9 57 12
2010° 833 1,114 2 114 15
2011 868 3,868 1 269 48

Notes:

1 Ice Harbor and McNary day counts only. Wells and Priest Rapids 24-hour counts. Lower Granite counts have
been conducted 24 hours a day since 2009.

2 The Pacific lamprey adult passage counts at Wells Dam are not reflective of actual run size during 2007-2008.
Trapping, monitoring, and research efforts at Wells Dam artificially lowered the passage numbers for Pacific
lamprey; i.e., more fish would have passed without tagging and trapping efforts.

3 Counts through December 5, 2010.

2.1.3.3 Population Structure

Genetic stock information suggests there is uncertainty among different Pacific lamprey stocks
regionally. Powell and Faler (2001) determined that Pacific lamprey do not appear to have
genetically different stocks, at least between some lower and mid-Columbia basins. These
observations are similar to results by Goodman (2006) that found no evidence of mitochondrial
DNA divergence in 81 collections of Pacific lamprey from two of the geographical regions
common to the Columbia River and Klamath Mountain Province. Conversely, Lin et al. (2007;
2008) found significant differences among collections within those regions using approximately
180 amplified fragment length polymorphisms (AFLP) loci. These results detected significant
genetic differences among adult Pacific lamprey returning to streams separated by as little as 54
miles (between the Deschutes River and John Day Dam). The differences between these studies
may reflect the increased power of using approximately 180 AFLP loci versus a single
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mitochondrial DNA locus or differences in polymorphisms due to sampling of adult migrants
versus ammocoetes. The geographical scale over which genetically meaningful management
units (e.g., stocks, populations, or evolutionarily significant units) occur in this species could not
be identified based on the results of Lin et al. The most recent work based upon microsatellite
analysis of 21 sites along the west coast of North America found low levels of genetic
differentiation, providing support for a lack of natal homing in Pacific lamprey. The report noted
that Pacific lamprey from most of the sites examined in this study can be managed as one unit
but recommended future investigations to confirm whether this conclusion is applicable to all
sites (Docker 2010).

One recovery strategy for Pacific lamprey is the translocation of pre-spawn adults from
downstream Columbia River locations and supplementation with hatchery spawned ammocoetes
into suitable habitat upstream. Cummings (2007) found that trapping and translocating adult
lamprey did not appear to affect their migration success but the implications to population
structure are currently unknown. Since the late 1990’s and 2006, the Umatilla and Nez Perce
tribes, respectively, have been implementing Pacific lamprey translocation programs as a
conservation measure to maintain some level of lamprey production in target spawning streams.
A review of these translocation programs was conducted in 2009 and monitoring is ongoing (see
Section 2.2: Updated Information for additional details about the review and monitoring efforts).

In 2009, the CRBLTWG was asked to develop a review paper on lamprey translocation and
artificial propagation. Due to the uncertainty surrounding the potential implications related to
unknown genetic stock structure related to translocation and differing opinions by CRBLTWG
members, the CRBLTWG concluded that it would not be able endorse a position or shared
opinion at this time and instead completed a literature review paper outlining the potential
benefits and risks of translocation (CRBLTWG 2010).

2.1.4 Adult Passage at Hydroelectric Facilities

Radio-telemetry studies of adult lamprey migration patterns past dams and through reservoirs in
the lower Columbia River during 1997 to 2002 provided the earliest data sets on lamprey
passage timing, travel times, and passage success at hydroelectric projects (Vella et al. 2001;
Ocker et al. 2001; Moser et al. 2003a; Moser et al. 2003b). While these studies have shown that
87 to 96% of the radio-tagged lamprey released migrate upstream and are detected at Bonneville
Dam, less than 50% of the lamprey which encounter an entrance actually pass the dam. Passage
times at lower Columbia River dams (2 to 4 days) were considerably longer compared to
salmonids (1 day). Similarly, during 2005 to 2008, at McNary and Ice Harbor dams overall
passage efficiencies ranged 58 to 89% and 50 to 59.1%, respectively. Median passage time from
the first approach until exit into the forebay for adult lamprey ranged from 1 day to 2 days for
both dams (Cummings et al. 2008). Despite different estimation techniques, half-duplex Passive
Integrated Transponder HDX-PIT tag results of Daigle (2008) were generally consistent with
previous study results for Bonneville, McNary and Ice Harbor dams. Recent evaluations (Keefer
et al. 2009c; 2009d) indicated significantly lower passage success from release to passage of
John Day Dam for radio-tagged lamprey compared to HDX-PIT-tagged lamprey (2.3 to 4.5%
versus 17 to 18%), suggesting previously reported passage estimates were conservative.

Recent radio-telemetry studies at Bonneville Dam have expanded our understanding of adult
lamprey behavior and passage performance in the lower Columbia River (Johnson et al. 2009a;
Keefer et al 2009c; 2009d). For 2007 and 2008, 68 and 74%, respectively, of lamprey released to
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the tailrace were known to have returned to the dam. Of these, 32% successfully passed in both
years (Johnson et al 2009a; 2009b; Keefer et al. 2009d). Entrance efficiencies (ranged 51 to
76%) were generally poorer than previous years although passage times (around 3.0 d median)
was relatively good in 2007and 2008. Researchers speculated performance may have been
related to smaller lamprey returning in 2007 and 2008 compared to earlier years.

In the mid-Columbia at Wanapum, Priest Rapids, Rocky Reach, and Wells dams, the results have
been more varied, in part due to the use of slightly different metrics (Nass et al. 2003; Stevenson
et al. 2005; LGL Limited and Douglas PUD 2008). The Net Ladder Passage Efficiency (NLPE)
at Rocky Reach was 47% (Stevenson et al. 2005). At Priest Rapids and Wanapum dams, the
proportion of fish that approached the fishway that exited the ladders was 70% at Priest Rapids,
and 51% at Wanapum Dam in 2002 (Nass et al. 2003). Fishway passage efficiencies (entrance to
exit) were substantially higher at 87% and 82% for the same study despite substantial delays or
termination of active migration near the first weir walls and old style counting stations which
have subsequently been modified to include lamprey-specific crowder structures at both Priest
and Wanapum dams. Design enhancements (plating and ramps at Priest Rapids Dam) installed
during the 2009-2010 winter fish ladder maintenance outage, are also anticipated to address these
areas and improve volitional passage efficiency.

To evaluate these modifications, a complex array of HDX-PIT antennas were installed at
strategic locations in the Priest Rapids and Wanapum fishways to measure the passage efficiency
of adult lamprey. In 2010 and 2011, due to continued low numbers of returning adult lamprey to
the mid-Columbia River basin, the PRFF decided to continue to implement a passive monitoring
approach instead of actively trapping, handling and tagging test fish at the Project. This approach
included monitoring for adult lamprey (that had originally been tagged at Bonneville Dam) on
the HDX-PIT arrays deployed at Priest Rapids and Wanapum dams. During the monitoring
period, a total of 67 and 38 HDX-PIT tagged lamprey were detected at Priest Rapids and
Wanapum dams, respectively. Overall, estimated fish passage efficiency for lamprey was 82% at
both facilities, and median passage time was approximately 2.2 days.

During a 2008 study at Wells Dam, 18 lamprey were released into the Wells Project tailrace.
Twelve of the 18 lamprey yielded sufficient data for analysis. Over the study period, 11 of 12
(91.7%) lamprey approached a fishway entrance with several lamprey making multiple
approaches. Only two tailrace-released lamprey successfully entered a fishway and both failed to
ascend into the forebay. Overall, 2008 study results indicate that any potential areas of
impediment at Wells Dam are restricted entirely to the entrance and lower fishway, as upper
fishway passage efficiency (releases in the fishway) was 100% for the two consecutive study
years (LGL Limited and Douglas PUD 2008).

Detailed examination of detection histories for radio-tagged lamprey has concluded that there are
several potential explanations for relatively low fishway passage success for adult lamprey. In
general, these factors are associated with unique physical characteristics of the individual
fishways and may include a lack of suitable attachment surfaces, water velocities, and channel
configuration (Keefer 2008).

Experiments conducted in an experimental fishway at Bonneville Dam in 2004-2006 evaluated
lamprey response to: 1) a fishway ramp and the effects of ramp flow volume, ramp angle, and
attraction flow at the ramp entrance; 2) a divided fishway with differing flow velocities at each
channel entrance; 3) two styles of mid-ramp lamprey “rest boxes”; and 4) three methods of
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attracting lampreys to the ramp entrance (water jets, air bubble streams, and waterfalls [Keefer
2008]). In the ramp tests, the majority of tagged fish ascended the ramp under all treatment
conditions but lamprey passage times differed significantly in response to flow levels. When the
fishway was divided, lamprey preferentially used channels adjacent to the flume walls, and this
preference increased as flow through the outside channels decreased. Lamprey passage times
also increased with concentrated flow through the center channel. With the differing types of
“rest boxes”, there was little difference in lamprey behavior between rest boxes under various
flow treatments, and fish that ascended the ramp appeared to be unaffected by either rest box
type. Finally, regarding the various methods of attraction to the ramp entrance, lamprey passage
efficiency was highest during the water jet treatment, but differences among tests were not
statistically significant.

A potential physiological problem facing successful passage of Pacific lamprey at dams may be
related to their unique method of movement as it relates to specific areas within fish ladders.
Typically, lamprey move through an adult fishway in a repeated series of motions consisting of
attaching to the ladder floor with their mouths, surging forward, and re-attaching. Adult lamprey
have an estimated critical swimming speed of about 2.8 feet per second at 15°C (Mesa et al.
2003) and a burst swimming speed calculated at 6.9 feet per second (Bell 1990). Fishway
operational criteria at Wanapum and Priest Rapids dams include average velocities over
submerged weirs that are approximately 2 to 4 feet per second and 4 to 6 feet per second through
the slotted entrance gates near the surface. The design of the slotted entrance gates is such that
the velocity gradient will be near zero at the bottom while maintaining average water velocities
to the surface of the water column (M. Nicholls, Grant PUD, personal communication). Average
velocity through the orifices is approximately 6 to 7 feet per second. The physiological response
of adult Pacific lamprey to exhaustive exercise may be immediate, sometimes severe, but short-
lived (Mesa et al. 2003). These data suggest that lamprey may have difficulty negotiating
fishways that operate according to criteria established for salmonids.

In an effort to improve monitoring of Pacific lamprey in the basin, HDX-PIT tag monitoring sites
were deployed at dams beginning in 2005. HDX tags were selected for Pacific lamprey passage
evaluations to avoid potential tag collisions with the full-duplex (FDX) PIT tags used to monitor
salmonids in the basin. In 2005, HDX detectors were installed at Bonneville Dam to evaluate
lamprey passage systems in the Bradford Island makeup water channel and at the entrance to the
Washington-shore main ladder. Detectors were also installed at McNary and Ice Harbor dams to
monitor lamprey in a parallel study (Cummings 2007). In 2006, additional detectors were
installed at the tops of ladders at The Dalles and John Day dams. Daigle (2008) concluded that
the prototype HDX detectors used in 2005-2006 appeared to be reasonably efficient (e.g., 20-
100%) at detecting tagged lamprey passing antennas. Studies comparing the use of radio-
telemetry and the HDX-PIT tags were conducted in 2007-2009. Study results indicated higher
escapement rates for HDX-PIT tagged fish versus radio-telemetry tagged fish at and between
dams. Larger fish of both tag types were significantly more likely than smaller fish to pass
through most monitored dam-to-dam reaches. The results suggest a tradeoff between tagging
effects and the collection of high resolution, fine-scale data provided by the active radio
telemetry system Keefer et al. 2009a, 2009b and 2010 (see Section 2.2: Updated Information for
additional details regarding Keefer et al. 2010).

Since the cumulative evidence on adult lamprey passage at dams has indicated that fishway
entrances may be a major passage bottleneck, a significant effort was undertaken by the ACOE
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Table 3

Pacific lamprey activities in the Columbia River basin in 2011.

Hydroelectric Results / Lead
Activity Project River Description of Activity Entity(ies) Source
General Biology, Ecology and
Population Status
1. Monitoring entrance timing, No associated | Fifteen In its second year, this project focused CTWSR Personal
escapement methodology hydro project |Mile Creek |on escapement estimates (developing techniques), communication

development, larval distribution
surveys, redd surveys, and
habitat assessments

monitoring entrance timing and numbers of HDX
tagged fish from ACOE funded projects entering
Fifteenmile, larval distribution surveys, redd
surveys, and working with Oregon Water
Resources (OWR) and Fifteenmile Watershed
Council to identify potential habitat-based
bottlenecks to the population.

In the future the Tribe hope to use the established
HDX array to determine if fish that fallback from
The Dalles Dam are using Fifteenmile for
spawning or potentially as refuge prior to
attempting to ascend the dam again. In
cooperation with OWR and Fifteenmile Watershed
Council, the Tribe is working with landowners to
install flow meters on all major irrigation diversion
to determine if irrigators are staying within their
allocations. A gaging station will also be
installed. There is also a fairly extensive water
temperature monitoring program in Fifteenmile
which is a multi-agency effort. All information
collected through flow meters, the gaging station
and water temperature monitoring will be
correlated with lamprey life history and relative
abundance to potentially identify habitat
improvements and opportunities to restore flow to
the stream. The Tribe will also be investing in
dual HDX-FDX monitoring systems with
ODFW. After troubleshooting the HDX-FDX
system, arrays will be established in tributaries to

with Jennifer
Graham, CTWSR
(11/28/11)
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Hydroelectric Results / Lead
Activity Project River Description of Activity Entity(ies) Source
Fifteenmile to estimate tributary escapement.
Preliminary results not yet available.
Adult lamprey monitoring No associated |Deschutes |In 2011, escapement and water temperature CTWSR Personal
hydro project |and monitoring activities continued in the mainstem communication
tributaries | Deschutes and its tributaries. New work included with Jennifer
installation of half duplex antennas in the Warm Graham, CTWSR
Springs River and Shitike Creek to monitor (11/28/11)
tributary entrance timing. Ultimately, the goal is
to use the arrays to determine tributary
escapement. Entrance timing will be used to
determine temporal distribution as well as assist
staff in determining when to look for lamprey
redds. In 2010, the Tribe attempted to cap lamprey
redds but had difficulty identifying them. Asa
result, in 2011, redd capping occurred again in
hopes of being able to correlate emergence timing
with multiple variables (e.g., DO, temp) and
estimate the number of emergents.
Preliminary results not yet available.
Conduct adult lamprey BOR projects | Yakima In 2011, released radio tagged adult Pacific USFWS Report-Passage of
movement study using radio in Yakima lamprey into Yakima River to assess movement Radio-tagged Adult
telemetry patterns, overwintering and spawning areas. Pacific Lamprey at
Yakima River
Diversions
2011 Annual
Report (Johnsen et
al. 2011)
Status of Pacific lamprey in N/A Clearwater, | This document summarizes the current available | IDFG Status of Pacific
Idaho Salmon, and | knowledge concerning the status of Pacific lamprey in Idaho

Snake rivers

lamprey in the state of Idaho. The major river
drainages in Idaho that remain accessible to the
species are discussed regarding their geology,
hydrology, and anthropogenic changes. A number
of management actions thought necessary to
enhance persistence of the species are also

(IDFG 2011)
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Activity

Hydroelectric
Project

River

Results /
Description of Activity

Lead
Entity(ies)

Source

presented.

Determining adult escapement
and adult harvest monitoring

Willamette
Falls

Willamette

In 2011, the Tribe worked to establish protocols to
determine lamprey escapement upstream of
Willamette Falls. This project used a combination
of HDX mark-recapture and video cameras within
the fish ladder and two lamprey ramps along the
falls. This was the second year of the project. The
first year was a challenge with all the new
technology. Lamprey harvest at two locations
downstream of Willamette Falls was also
monitored. We anticipate having protocols
finalized this year for the MRC and camera portion
of the project. We will also be developing
protocols to assess what proportion of fish return
to the falls after being moved downstream after
tagging. Previous RT work suggests a fair amount
did not return after being tagged (tagging effects?).

Preliminary results not yet available.

CTWSR

Personal
communication
with Jennifer
Graham, CTWSR
(11/28/11)

Occurrence, detection and
habitat use of larval lamprey

Bonneville
Dam

Columbia
River

Using a boat-mounted, deepwater electrofisher and
a generalized randomized tessellation stratified
(GRTS) approach, mainstem areas of the
Columbia River associated with Bonneville Dam
were sampled to evaluate patterns of occupancy
and distribution above and below a major
anthropogenic structure which alters natural
structure and function of the Columbia River.

Quadrats in the Bonneville Reservoir, Tailwater,
and at the mouth of the Wind River were sampled.
One larval lamprey was detected in the Bonneville
Reservoir and one lamprey was detected at the
Wind River mouth. No larval lamprey were
detected in the tailrace area which suggests these
habitats (e.g., increased scouring, suppression of
natural flow regime) may be inhospitable to larval
lamprey use.

USFWS

Occurrence,
Detection, and
Habitat Use of
Larval Lamprey in
Columbia River
Mainstem
Environments:
Bonneville
Reservoir and
Tailwater. 2010
Annual Report
(Jolley et al. 2011a)
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Hydroelectric Results / Lead
Activity Project River Description of Activity Entity(ies) Source
Overall, larval lamprey distribution and habitat
usage of mainstem areas in the Columbia River,
including above and below hydropower projects,
remains largely uninvestigated.
In 2011, this work was continued by expanding the
Bonneville Tailwater reach examined as well as
continuing to investigate occupancy at tributary
mouths (Hood, Klickitat, Wind, and White Salmon
rivers) within Bonneville Reservoir.
A final report will be available in 2012.
Occurrence, detection and No associated | Lower Using a boat-mounted, deepwater electrofisher and | USFWS Occurrence,
habitat use of larval lamprey hydro project |Columbia |a generalized randomized tessellation stratified Detection, and
River (GRTS) approach, Lower Columbia River Habitat Use of
mainstem areas were sampled to document the Larval Lamprey in
presence of larval lampreys and to examine the Columbia River
influence of salt water on lamprey distribution. Mainstem
Environments:
A total of 16 quadrats were visited and 15 were Lower Columbia
sampled. No larval lampreys were detected. To River. 2010
date, only areas that were considered to have a Annual Report
constant freshwater history (i.e., <2%) based on (Jolley et al. 2011b)
climatological data. Sampling for this project is
ongoing.
Occurrence, detection and No associated | White In 2011, we estimated occupancy of larval lamprey | USFWS Occurrence,
habitat use of larval lamprey hydro project | Salmon, in the Lower White Salmon, Wind, and Klickitat Detection, and
Wind, and |rivers by adapting an approach used by Peterson Habitat Use of
Klickitat and Dunham (2003) and refined by the U.S. Fish Larval Lamprey in

and Wildlife Service (USFWS 2008) to evaluate
patch occupancy and detection probability for bull
trout Salvelinus confluentus.

Quadrats visited in ranged from 36 to 41 but 34
were ultimately sampled in each river. Feasibility
ranged from 83% to 94%. Some were not sampled

the White Salmon
River Basin: Pre-
Condit Dam
Removal: 2011
Annual Report -
DRAFT (Jolley et
al. 2011c)
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Activity

Hydroelectric
Project

River

Results /
Description of Activity

Lead
Entity(ies)

Source

because they were not feasible (dewatered
conditions or excessive velocity). Larval lampreys
occupied all rivers. Pacific lamprey and
unidentified lamprey larvae occupied the lower
Klickitat River (d=0.27). Pacific lamprey, western
brook lamprey, and unidentified lamprey occupied
the lower White Salmon River (d = 0.29) and
lower Wind River (d = 0.33). Given these levels
of detection, the estimated level of quadrat
sampling effort to be 80% certain that larval
lamprey are absent when not detected was 4 or 5
quadrats. There was no difference in the detection
probabilities among river reaches (chi-
square=0.28, df=2, P>0.05).

A final report will be available in 2012.

Juvenile lamprey monitoring

No associated
hydro project

Hood River

This project is in its infancy but the ultimate goal
is to determine if lamprey are naturally
recolonizing the Hood Basin. Thermographs have
been installed to identify potential locations (based
on water temperatures) for natural recolonization
and/or assessing if active restoration is
appropriate.

Prior to the removal of Powerdale Dam, larval
distribution surveys were conducted to establish a
baseline. No lamprey were found upstream of
Powerdale; however, they were collected up to the
base of the dam. This fall surveys were re-
conducted (last conducted in fall 2009) and
determine if lamprey distribution has changed.
Preliminary results not yet available.

CTWSR

Personal
communication
with Jennifer
Graham, CTWSR
(11/28/11)

10.

Re-introduction evaluation

Pelton Round
Butte

Deschutes

An evaluation is underway to determine if lamprey
can be re-established upstream of the Pelton-
Round Butte Complex (rkm 161) in the Deschutes
River since fish passage has been re-established.

CTWSR

Personal
communication
with Jennifer
Graham CTWSR
(11/28/11)
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Activity

Hydroelectric
Project

River

Results /
Description of Activity

Lead
Entity(ies)

Source

Preliminary results not yet available.

11.

Conduct juvenile distribution
and abundance sampling

No associated
hydro project

Yakima

In 2010, surveys were completed for the main stem
Yakima River up to the City of Yakima and in the
lower portions of the Naches River, Tieton River,
Ahtanum, Wenas, Toppenish and Satus creeks.
Although Western Brook lamprey were found
throughout much of the basin, Pacific lamprey
were also observed. Pacific lamprey were noted in
Ahtanum Creek and in the Yakima River near
Yakima. Surveys will continue in the Yakima
Basin in 2011.

Surveys were also conducted in several dewatered
diversion ditches in autumn months. Many
juveniles were found behind fish screens,
consisting of various size classes, but only
Western Brook lamprey were noted.

Also in 2011, a pilot radio telemetry study in
coordination with the USFWS and USBOR will be
initiated (see line item #3). The primary objectives
will be to evaluate passage over USBOR diversion
dams in the lower Yakima River and to obtain
information about migration and spawning
behavior from tagged adults.

In 2011, continuing work was conducted (as
described above) but preliminary results are not
yet available.

Yakama
Nation

Personal
communication
with Bob Rose,
Yakama Nation
(2/5/11)

12.

Conduct juvenile lamprey
distribution surveys

No associated
hydro project

Entiat and
Wenatchee

In 2010, juvenile lamprey distribution surveys
were conducted in the Entiat and Wenatchee
rivers. A draft report is in progress.

USFWS

Personal
communication
with R. D. Nelle,

USFWS (11/29/11)

13.

Conduct status and trend larval
monitoring program

No associated
hydro project

Methow

In 2011, as part of continuing lamprey activities in
the Methow watershed (which began in 2008), on-
going status and trend monitoring of larval
lamprey continued with surveys of the three sites

Wild Fish
Conservancy
and USFS

Personal
communication

with John Crandall,
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Table 4

Project.

Schedule and status of Pacific Lamprey Management Plan implementation measures at the Priest Rapids

Implementation Measure

Evaluation
Timeframe

Relevant to
Current
Reporting
Period

Action Taken in 2011

Variation from
Schedule
(if applicable)

Obijective 1: Identify, address, and fully mitigate Project effects to the extent reasonable and feasible to achieve NNI

1. |Provide an annual report summarizing activities Annually (by Yes Yes, report will be filed on or before No
undertaken to identify and address Project impacts. | March 31), starting March 31, 2012.
2010
Obijective 2: Provide safe, effective, and timely volitional passage for adult upstream and downstream migration
2. | Maintain adult fishways. Annually for the Yes Grant PUD continues to maintain fishways | No
period 2009-2015 at the Project in accordance with the
NOAA Fisheries Fishway Operations and
Criteria Guidelines for salmon (NOAA
Fisheries 2008). The plan includes
operational criteria for dewatering and the
recovery of all fish.
3. | Develop adult Pacific lamprey passage criteria. To be determined | Yes Grant PUD installed HDX-PIT tag arrays | No
by the PRFF. in the fish ladders at Wanapum and Priest
Rapids dams to measure adult Pacific
Annual passage lamprey passage. Passage metrics will be
detection determined when a sufficient sample size
monitoring has been achieved. Presently, Grant PUD

initiated in July
2010.

has tracked a total of 67 PIT tags at Priest
Rapids and 38 at Wanapum. Fish passage
efficiency (FPE) and passage times are
being calculated, although the sample size
is insufficient for statistical comparisons.
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4.0 Evaluation of Activities in the Columbia River Basin Relative to the Priest Rapids
Project

This section provides a comprehensive assessment of activities occurring in the Columbia River
basin and their applicability to the Project. Table 5 is designed to meet the requirement of the
comprehensive annual report (described in Section 1.2 above) to determine whether measures
being investigated and/or implemented in the Columbia River basin are: (i) consistent with

similar measures taken at other projects; (ii) appropriate to implement at the Project; and (iii)
cost effective to implement at the Project.

For purposes of this evaluation, the definitions used for the three stated elements above are as
follows:

1). “Consistent with similar measures taken at other projects” is "Yes" for an activity that

has been implemented by a hydroelectric facility operator in a hydroelectric project area
other than Grant PUD’s Priest Rapids Project.

2). “Appropriate to implement at the Priest Rapids Project” is "Yes" for an activity that is a
requirement of Grant PUD’s PLMP (Grant PUD 2009) or is an activity subsequently
agreed to by Grant PUD as a result of implementation of the PLMP.

3). “Cost-effective to implement at the Priest Rapids Project” is "Yes" for an activity where
resource benefits are commensurate with the level of effort and cost to implement, and in
a manner not inconsistent with anadromous fish passage criteria and habitat requirements.
If a measure is “appropriate to implement”, then it is also considered cost effective and
the specific action being taken by Grant PUD is described. If a measure is not
“appropriate to implement,” then cost effectiveness is considered not applicable.

The activities identified in the table include both those that have been implemented (as identified
and described in Table 3 of Section 2.2: Updated Information above), or planned or proposed
pursuant to an existing and approved implementation, restoration, or management plan of
another utility, the ACOE, or tribal entities. As such, for each activity, details include the
project(s) where the activity has been implemented, planned or proposed, river of each project,
and in the case of implemented items, a cross reference to Table 3. For planned or proposed
efforts (which are not identified as current activities in Table 3) the source of the information is
noted at the end of Table 5.
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Table 5 Pacific lamprey activities in the Columbia River basin and applicability to the Priest Rapids Project.
Project where Consistent
Activity in Basin Implemented = | Table 3 | with Measures
(Proposed, Planned or Planned = P* Cross- Taken at Appropriate to Implement | Cost Effective for Priest
Implemented) or Proposed = PR? | River(s) | Reference | Other Projects| at Priest Rapids Project Rapids Project
General Biology,
Ecology and Population
Status
Identify spawning areas | No associated Fifteen #1 Yes. No. This activity is not N/A
or determine the extent of | hydro project (I) Mile Creek required by Grant PUD’s
adult spawning BOR projects in Yakima #3 PLMP. Radio-telemetry
Yakima (1) studies conducted in 2001-
Winchester Dam North #31 2002 did not show use of any
(not a hydro Umpqua tributaries in the PRPA (Nass
project) (1) et al. 2003).
Develop measures to Wells (P) Columbia | N/A3 No. No. This activity is not N/A
protect spawning habitat | Rocky Reach (P) Columbia | N/A* required by Grant PUD’s
PLMP.
Monitor adult population | No associated Fifteen #1 No. No. This activity is not N/A
status and trends hydro project (1) Mile Creek required by Grant PUD’s
(unrelated to counting at Deschutes |#2 PLMP.
hydroelectric projects) and
tributaries
BOR projects in Yakima #3
Yakima ()
N/A (1) Clearwater, | #4
Salmon,
and Snake
Willamette Falls (1) | Willamette |#5
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Project where

Consistent

Activity in Basin Implemented = | Table 3 | with Measures
(Proposed, Planned or Planned = P* Cross- Taken at Appropriate to Implement | Cost Effective for Priest
Implemented) or Proposed = PR? | River(s) | Reference | Other Projects| at Priest Rapids Project Rapids Project
Determine the extent of | No associated Fifteen #1 No. Yes. PLMP Objective 4 Yes. Habitat surveys will be
juvenile rearing habitat hydro project (I) Mile Creek requires quantification of conducted to detect
Lower #7 lamprey habitat in the Project | presence/absence and
Columbia area. Project effects within the
White #8 PRPA within 10 years of
Salmon, license issuance.
Wind and
Klickitat
Bonneville (1) Columbia |#6
Wells (P) Columbia |N/A®
Rocky Reach (P)  |Columbia |N/A*
Priest Rapidsand | Columbia |N/A®
Wanapum (P)
Develop measures to No associated Fifteen #1 No. No. This activity is not N/A
protect juvenile rearing hydro facilities (I) | Mile Creek required by Grant PUD’s
habitat Wells (P) Columbia |N/A3 PLMP.
Rocky Reach (P) | Columbia |N/A*
Monitor juvenile N/A (1) Clearwater, | #4 No. Yes. PLMP Objective 4 Yes. Population surveys will
population status and Salmon, requires the assessment of be conducted to detect
trends (unrelated to and Snake juvenile presence / absence | presence / absence and
counting at hydroelectric | No associated Hood #9 and relative abundance. Project effects within the
projects) hydro project (1) Yakima #11 PRPA within 10 years of
Entiatand |#12 license issuance.
Wenatchee
Methow #13
Methow #14
(Chewuch)
Willamette Falls (I) | Willamette |#15
Wells (P) Columbia |N/A3
Rocky Reach (P) | Columbia |N/A*
Priest Rapidsand | Columbia |N/A®

Wanapum (P)
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Project where Consistent
Activity in Basin Implemented = | Table 3 | with Measures
(Proposed, Planned or Planned = P* Cross- Taken at Appropriate to Implement | Cost Effective for Priest
Implemented) or Proposed = PR? | River(s) | Reference | Other Projects| at Priest Rapids Project Rapids Project

7. Evaluate lamprey N/A (1) N/A #16 No. No. This activity is not N/A
physiology, energy use, | N/A () N/A #17 required by the PLMP.
swimming performance | Willamette Falls (1) | Willamette |#18 Evaluating lamprey

physiology, energy use, and
swimming performance are
not objectives, goals, or
measures outlined in the
PLMP.

8. Evaluate, implement Rocky Reach (1) Columbia |#101 Yes. No. This activity is not N/A
and/or monitor required by Grant PUD’s
translocation or PLMP.
supplementation
programs

9. Evaluate the impact of No associated Willamette |#20 No. No. This activity is not N/A
contaminants on lamprey | hydro project (I) and Siletz required by the PLMP.

No associated Lower #21 Evaluating the impact of

hydro project (I) Willamette contaminants on lamprey are
not objectives, goals, or
measures outlined in the
PLMP.

10. |Develop new No associated Fifteen #1 No. No. This activity is not N/A
technologies / hydro projects (I) | Mile Creek required by the PLMP.
methodologies / protocols Lower #7 Developing technologies for
for lamprey Columbia sampling juvenile lamprey in

White #8 deep water are not objectives,

Salmon, goals, or measures outlined in

Wind, and the PLMP. However, Grant

Klickitat PUD will determine juvenile

Snake #22 lamprey presence / absence,
Willamette Falls (I) | Willamette |#5 habitat use, and relative
Bonneville (1) Columbia |#6 abundance in the Project area,
N/A (1) N/A #23 in coordination with the

PRFF no later than 10 years
following license issuance.
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From: Mike Clement

To: Debbie Firestone
Subject: FW: Draft 2011 Pacific Lamprey Management Plan Comprehensive Annual Report comments
Date: Thursday, March 01, 2012 3:09:05 PM

From: Mangold, Marcie (ECY) [mailto:DMAN461@ECY.WA.GOV]

Sent: Tuesday, January 31, 2012 3:29 PM

To: Mike Clement

Cc: Moore, David (ECY)

Subject: Draft 2011 Pacific Lamprey Management Plan Comprehensive Annual Report comments

Mike,

Thank you for the opportunity to review and comment on the Draft 2011 Pacific Lamprey

Management Plan Comprehensive Annual Report that you provided via email to Ecology on
January 28, 2012. We are providing the following comments for your consideration.

In the Executive Summary and in Table 4, it is mentioned that the overall estimated fish passage
efficiency for lamprey at the Projects is 82%, but not mentioned in Section 2.1.4 Adult Passage at
Hydroelectric Facilities. Would it be possible to mention it in this Section?

In the Literature Cited, your personal communications are referenced in the body of the document,
but not in the Literature Cited section.

Overall this was an excellent comprehensive annual report summarizing the activities GPUD has
undertaken regarding Pacific Lamprey. Again thank you for the opportunity to review and
comment. Please feel free to contact me with any further comments or questions.

Thank you,

D. Marcie Mangold
Department of Ecology
Water Quality Program
phone (509) 329 3450
fax (509) 329 3570


mailto:/O=GCPUDEXCH/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=MCLEMEN
mailto:Dfirest@gcpud.org

Appendix B
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and Grant PUD Responses



Summary Table of Agency/Tribal Comment and Grant PUD Responses for 2011 PLMP Annual Comprehensive Report

Submitting Date Paragraph
Entity Received # Agency Comment Grant PUD Response
Ecology 1/31/12 Executive | These sections mention that the overall estimated fish passage Grant PUD has inserted language regarding
summary | efficiency for lamprey at the Projects is 82% but this is not overall estimated Project fish passage efficiency
and in Table | mentioned in Section 2.1.4 Adult Passage at Hydroelectric Facilities. | information into Section 2.1.4 of the document
4 Would it be possible to mention it in this section? (paragraph 3, pg. 14) per this request.
Ecology 1/31/12 |Literature Personal communications are noted in the body of the document but | Grant PUD has cited all personal
Cited are not included in the Literature Cited section. communications found in the body of the
section document in the Literature Cited section.
Ecology 1/31/12 General | Overall this was an excellent comprehensive annual report Comment noted.
Comment |summarizing the activities GPUD has undertaken regarding Pacific

Lamprey. Again thank you for the opportunity to review and
comment. Please feel free to contact me with any further comments
or questions.
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Presentation Outline

® Background

® Objectives
® Approach
® Activities
® Methods

® Results
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LIMITED

Background

2010 season
® GPUD implements PRFF approved study plan;

® Low run year — passive monitoring of tags
applied downstream;

— 470 fish tagged with 94 (20%) predicted to make it past
McNary.

2011 season

® Continued passive monitoring;

— 1000 fish tagged with 200 (20%) predicted to make it
past McNary.
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LIMITED
environmenta | researc h associates

Study Objectives

® Study Plan

— “Assessment of Pacific Lamprey behavior and passage
efficiency at Priest Rapids and Wanapum dams”

® Relevant Objectives

— Determine the FPE for adult lamprey at Priest Rapids
and Wanapum dams;

— Evaluate the passage of adult lamprey through sections
of the Priest Rapids fishways where new structures
have been installed to facilitate upstream movement.
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Study Approach —
Passage Metrics

LIMITED

® HD PIT

— Uniquely identifiable fish;
— Application to entire size range of population;
— Antennas installed at strategic locations;

® Fishway efficiency
— Number of exits divided by number entrances.

® Travel times
— Time at location B minus time at location A.
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Study Activities

® Redeploy and test HD PIT array;

® Operate array during lamprey passage;
® In-season data processing;

® Conduct analysis of lamprey detections to
estimate passage metrics;

Page 6



Priest Rapids arrays
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environmental research associates
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environmental research associates
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HD PIT - Conflguratlon | LIMITED

ch associates
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HD PIT — Data Processing

® Diagnostics and download every two weeks;

® QA/QC RXx files;

® Review RXx files for valid codes;
® Import Rx files into Telemetry Manager;
® QA/QC individual fish histories;

® Calculate metrics.
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HD PIT results — Synopsis ‘10 + ‘11 le-

environmental research associates

PR |[WA

Unique tags detected at dam 67 | 38
Total passage and exit 46 | 31
Right passage and exit 15 | 10
Left passage and exit 31 21
Total detected at only entrance 5 | 4
Right entrance 2 | 0
Left entrance 3 | 4
Total last detected in fishway 16 | 3
Right fishway 2 |1
Left fishway 14 | 2
Total last in upstream pool 8-12| 31

Total at dam = exit + only entrance + last fishway
2010 tags - 14 PR, 9 WA

Based on last detections Page 11



2 4
LIMITED

HD PIT results — FPE fishways

environmental research associates

Fish Passage Efficiency (2010 & 2011)

Left Right Total 2002
Priest 57% (30 of 53) 71% (17 of 24) 70% (47 of 67) 87% (41 of 47)
Wanapum  71% (22 of 31) 69% (9 of 13) 82% (31 of 38) 82% (23 of 28)

Minimum estimates. Cannot account for fish at large.
Eight (8) tagged recoveries at PR released upstream
give an adjusted FPE of 82%.
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Appendix D Adult Lamprey Assessment using Underwater Video:
Presentation to the PRFF
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Conclusions

® Pool 29 - Plating at the orifice was
extensively used, events were of short
duration, and all passage attempts were
successful. Lamprey behavior indicates that
plating facilitates passage.

® Pool 72 — Plating at the crowder was used by
about half of the migrants and search
behaviors for count entrance were largely
successful. Overall, the crowder guided most
lamprey to the chute. Lamprey behavior
iIndicates that plating facilitates passage.
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Discussion I'sL

environmental research associates

® Comments and Questions

Pool-249 B:Camera 6 (E1)Sep 5, 2010 2:25:40 PDT

Before After
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Additional Observations

LIMITED
environmenta | researc h associates

Dimensions of plating appear suitable for lamprey use;

Apparent velocity threshold in proximity to orifice
Influences where they hold temporarily.

Surging technigue predominantly used to get through
orifice. Burst less common,;

Utility of crowder ramp partly influenced by weed buildup
on grates, so modifications made,;

Predominance of free swimming at ramp-crowder
Interface.
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