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1.0 INTRODUCTION

Energy Northwest’'s Packwood Lake Hydroelectric Project, FERC2%44 (Project), received
its initial license in 1960. The majority of the Project isaked in the Gifford Pinchot National
Forest (Figure 1-1). The Project consists of an intake casahaete drop structure (dam) and
intake building on Lake Creek located about 424 feet downstream from taeasuRackwood
Lake, a 21,691-foot system of concrete pipe and tunnels, a 5,621-foot penstoge, sk, and
powerhouse with a 26,125 kW turbine generator. Project and controllegserdi@as to lower
Lake Creek go through a screened intake. When lake elevatieed=2858.5 ft Mean Sea
Level (MSL), water spills over the drop structure. Thereasupstream fish passage and
downstream fish passage only occurs during spill events.
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Figure 1-1
Energy Northwest’s Packwood Lake Hydroelectric Progct is located in the Cowlitz River Watershed,
Tributary to the Lower Columbia River in Southwest Washington State (source Energy Northwest 2004)

The source of water for the Project, Packwood Lake, which presdxisé Project, is situated at
an elevation of approximately 2,857 ft MSL, about 1,800 feet above the powerhddater
discharged from the Project is released to the CowlitzrRinea tailrace channel. Power from
the Project is delivered over an 8,009-foot 69 kV transmission line to the Packwood substation.
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During the recreation season, May 1 through September 15, Packwoots Inaitimtained at its

approximate natural elevation (2,857 feet MSL). During the remaofditie year, the existing
FERC license allows lowering the lake level not more thghtdeet below the summer lake
level down to an elevation of 2,849 feet MSL.

Figure 1-2 is a photograph of the drop structure; Figure 1-2 is aadiagf the drop structure;
and Figure 1-3 is a plan view of the stilling apron.

Figur 1-2
Packwood Lake Hydroelectric Project Drop Structure
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Figure 1-3
Diagram of the Drop Structure
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1.1 Goals and Objectives

This study characterized the abundance, distribution, movement, and strotttine fish
communities and available habitat that are potentially impactedhb Packwood Lake
Hydroelectric Project drop structure.

The objective of the Fish Population Characterization Near the Dropct@e (Fish
Characterization) study was to provide the stakeholders with inflomia assess potential drop
structure impacts on fish populations in Project affected waieaaw them to make informed
decisions on the management of the fish communities near the drop structure.

Specific study goals included the following:

1. Determine the location of the first fish passage barraenfall downstream of the drop
structure, thereby delineating the isolated reach of Lake Crékk.isolated reach was
defined here as the reach from the drop structure downstream to the firstvoatertall.

2. Determine the amount of suitable spawning and rearing habé#able for rainbow and
cutthroat trout and other fish species within the isolated reach.

3. Determine the fish species present within the isolated reach.

4. Determine the population size and age/size structure ofraiiscies within the isolated
reach.

5. Determine upstream migration timing (spawning, foraging, ahéramnovement) of

rainbow and cutthroat trout and other fish species within the isolated reach.
1.2 Report Synthesis

The fisheries reports that will be submitted to the agencieaténd006 and early 2007 are
closely related and provide supplemental data that are useful toatmgphe overall objectives

of other associated studies. Given this, it is Energy Northsvaseéntion to submit a synthesis
report in the late Spring/early Summer of 2007 that will syntieethie findings from the various
fisheries investigations into a single document.

2.0 STUDY AREA AND METHODS

As identified in the study plan, the study area was to be thabpaf Lake Creek above the
uppermost natural barrier to resident fish and the drop structure.firStheatural barrier was

identified to be 1464 feet downstream of the drop structure whiabc#édd at RM 5.4. This

location is consistent with earlier physical habitat surveyslacted by EES Consulting in 2004
(EES Consulting 2004), which indicated that the barrier was approXynia®®0 feet below the

drop structure.
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2.1 Methodology
List of Principal Investigators:

John Blum, EES Consulting, Inc. Fisheries Biologist and Instream Flow Smtist
(Project Manager)

John Blum has a Master of Science in Fisheries, a Bacheloti@fic® in Environmental
Biology and a Bachelor of Science in Business, specializing imBssiManagement. Mr.
Blum has over 25 years experience as a fisheries biologistarslltant in instream flow
analysis, habitat assessment, ESA studies, fisheries teseattancement, management,
water resources and endangered species assessment, FERCorgedidahsing and
relicensing studies, and expert witness testimony. In hisaoke senior fisheries biologist
and consultant, Mr. Blum has successfully managed over 50 fisla@deaquatic resources
impact assessments in the Pacific and Inland Northwest, includagy on the mid
Columbia River.

Mr. Blum has conducted numerous fisheries and instream flow sthdoegyhout the Pacific
Northwest, including the Columbia River System in Washington, @regdaho and
Montana. He is extensively trained and certified in the Instréaowv Incremental
Methodology and has been recently certified in 2-dimensional instream flow modeknig
Principal Scientist for the Box Canyon Dam Relicensing, andpnasipal scientist for the
Box Canyon License Amendment and Sullivan Creek License Amendmeépéralr Oreille
Public Utility District in Pend Oreille County, WA. He wadso Project Manager for
relicensing studies for Chelan County Public Utility Distoct the Lake Chelan and Rocky
Reach Hydroelectric Projects. He has been principal investigatfisheries inventory and
instream flow studies throughout the Northwest, including in Britishu@bla and Alaska,
and has co-authored the Historic and Current Resources of the Fdde River, and for
fisheries investigations on the Bear River relicensing profect®acifiCorp. He recently
completed, as Aquatic Lead and Principal Scientist, fisheriestigatgsns for PG&E’s Haas
Kings Hydroelectric Project in California. He is also euntlty working with PGE on its
Clackamas River Relicensing Project, and was Principal $tiéot the Aquatics portion of
the Cedar Creek relicensing and Biological Assessment.

Mr. Blum is currently Project Manager and Principal Scierfiist the Packwood Lake
Hydroelectric Project, and is Principal Scientist for the @&ayand Kitsault rivers
hydroelectric projects in British Columbia.

Cory Warnock, EES Consulting, Inc. Fisheries Biologist and Instream Flow
Scientist (Assistant Project Manager)

Mr. Warnock has more than six years of experience as a fishaoigist, leading and
participating in numerous fisheries studies including fish population tororg, instream
flow analysis, habitat analysis and assessment, genetic sgmelitrainment studies and
habitat restoration. His duties have included project implementatigistical and technical
planning, field investigations and report writing. He has managed {¥@rd lead crews in
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all aspects of various fisheries studies and instream flow igaésnhs. Clients have ranged
from owners of hydroelectric facilities and timber companies to state dachf@gencies.

He is adept in many aspects of field collection and analgsi®lated to various types of
fisheries monitoring, sampling, IFIM and habitat restoration. Mrridk is currently
playing an integral role in all environmental components of relicensingetgrEES at Box
Canyon Dam for Pend Oreille PUD and the Packwood Lake HydroeleatjecPior Energy
Northwest. Both projects require extensive monitoring of the anaremand resident
species present as well as the quality of their habitat. Qtbet has included habitat
mapping, fish passage and connectivity issues, anadromous barrgsisangpawning
surveys, juvenile and adult snorkeling work, genetic sampling and enématirstudies for
various salmonid species at all life stages. He has playadtegral role in many IFIM
studies from analyzing various reaches for quality hahitdtidentifying potential transects
to carrying out flow measurements, substrate analysis andyswgveHe has participated
and lead all facets of these studies from the logistics andanatem phases to the data
analysis, report writing and submittal.

Brian Johnson, EES Consulting, Inc. Field Biologist

Mr. Brian Johnson, biologist, has strong background in spawner susmy&el and scuba
surveys, radio-telemetry, instream flow assessment, habitetysiradult passage and water
guality assessment.

Mr. Johnson presently is the field lead for spawner surveys forgingorthwest’'s re-
licensing of the Packwood Lake Hydroelectric Project led b$ EBnsulting, Inc. He both
conducts and handles the field logistics of survey crews coverinGdhditz River, Hall
Creek, Snyder Creek, and Lake Creek. He is skilled at spantsedd identification,
biological sample collection.

Mr. Johnson has extensive fisheries field experience in northat&dtshington. He took

part in aquatic habitat, plants, creel, recreation, sturgeon, mollsalkspn spawning and

snorkel surveys related to operations of the Rocky Reach Damcottkicted salmonid

snorkel surveys, creel surveys, spawner surveys and redd mappiegStehekin River, the
major tributary to Lake Chelan. He served as part of thedrel conducting instream flow
and habitat suitability analyses in the Wenatchee River sfadr His experience included
collection of physical habitat and hydrologic information, habitatvesys, and habitat

suitability data. The work took place in the mainstem Wenatétiger, Peshastin Creek,
and the Chiwawa River and tributaries including Phelps and Rock Creek.

He has done additional fisheries field work throughout Washington, Staegon, and
California over the past 15 years.
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Nic Truscott, EES Consulting Inc. Field Biologist

Mr. Truscott has two years of experience as a field biologisEES Consulting. He has
participated in all field aspects of instream flow studies onyrdrainages, including the
Spokane and Skagit River systems. Mr. Truscott has played graintele in many of the
fisheries and water quality investigations for Energy Northwed?ackwood Lake
Hydroelectric Project. Studies have included anadromous and resadi@oing spawning
surveys, fish population assessments, habitat and barrier analysékarahd stream water
guality investigations. He has participated in a variety of studi®gashington and Oregon
dealing with fisheries and water quality issues as thetaipeto anadromous and resident
salmonids. Currently, Mr. Truscott is working on a 5 year armabyisihe spawning Chinook
population in the Methow and Okanogan river basins.

2.1.1 Analysis of Barrier to Upstream Passage

The protocol entitled, “Analysis of barriers to upstream fisgration. An investigation of the
physical and biological conditions affecting fish passage suatesslverts and waterfalls”
(Powers and Orsborn 1985), was utilized to determine the location &fghbarrier waterfall
downstream of the drop structure. This protocol was modifieekttude the Fish Condition
Factor based on the recommendation of Pat Powers and his useuaitdo®| over the past 20
years (Powers, 2005). The barrier evaluation started immediddeinstream of the drop
structure and progressed downstream. The first potential fiskagmsbarrier waterfall
encountered was evaluated. Because this waterfall was detérmibe a fish passage batrrier,
the survey ended at this point, (approximately RM 5.13). Species analysis begapainthi

It is important to note that Powers and Orsborn (1985) identify swigispeeds and leaping
abilities for anadromous fish; however, this report does not addrelemafhieg ability of resident
rainbow and cutthroat trout. Bell (1991) lists swimming speedsutihroat trout, but not for
rainbow trout. Energy Northwest proposed using the cutthroat troutnguisistained and
darting speeds for both rainbow and cutthroat trout. As an diie¥ria creating leaping curves,
EES Consulting used as criteria for resident salmonids a blaeigt of 4 feet and suggests that
a vertical falls in this range be considered a barrier fogetlspecies. Fish of this size were
observed by EES Consulting leaping unsuccessfully at the falls/clomplex at RM 1.03 at
released flows from the drop structure of 3 cfs, 17 cfs, and 35 cfstolageretion between the
drop structure and RM 1.03, flows at the site were higher. Maxinartical leap of these fish
into the falls did not exceed 1.5 feet.

2.1.2 Quantification of Rearing and Spawning Habitat

WDFW'’s “Fish Passage Barrier Assessment and Prioritizalitamual” of the Technical

Applications Division (TAPPS 2000) was used to quantify spawning eadhg habitat. This

protocol is widely accepted throughout Washington, and many local, statdederal agencies
and other groups have used, or are currently utilizing, the protocol. prébecol provides a

standard method of data collection across the state and a means to prishifes$age barriers.
The Priority Index Model portion of this protocol has been used in this study.
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Although this protocol is usually used to assess manmade fish blockagesppropriate to use
the Priority Index Model portion upstream of a natural fish padsager. The physical habitat
assessment quantifies the amount of spawning and rearing habifable to each salmonid
species present at the site.

The model generates a priority index (PI) rating that i®das species utilization and habitat
gain. The habitat gain was determined by measuring gradieanswetted and ordinary high-
water widths, substrate composition, riffle-to-pool-to-rapid ratiogenile abundance, canopy
cover, instream cover, flow, temperature, and spring water influehterder to identify the
productive capability of the stream for the Pl Model, HabitaaliuModifiers (HQM) were
assigned to each reach within the survey area (Table 2-1). T #dting is used as a
multiplier of the habitat area to obtain H in the Pl model (Kabitat quality modifier x habitat
in square meters).

The production potential of the stream was determined as squanms eetéable for spawning
and rearing habitat. The full physical survey methodology wagedijl as this provides for the
most reliable information about the habitat upstream of the barrier.

Habitat was measured on 30 m sections of 160 m sections sinceathsresm length was less

than 1.6 km. Three sites were established in the approximately 3@@timon of stream above

the first barrier. It was not necessary for the purpose oktady to perform an assessment of
the downstream channel to determine if there are any fishgeabsariers present. A hip chain

was used to measure the total distance while walking upstr8amam gradient was determined
by the use of a laser level.

Once all data was collected and organized, the HQM value wasdfpheth wetted width and
bankfull width numbers for all reaches related to both spawning andgdaabitat. A total
amount of rearing and spawning habitat was derived for both wettéd and bankfull width
criteria.
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Table 2-1. Criteria Used to Assign Habitat Quality Modifiers (HQM) to Rearirg
and Spawning Habitat

Habitat HQM | Rearing Habitat Criteria | Spawning Habitat Criteria

Condition Value

Good to 1 Rearing habitat is stable and in|aSpawning gravel patches havd 6%

Excellent normal productive state with all| fine particle sizes that are < 0.85mm in
components functional diameter

Fair 2/3 Rearing habitat shows Spawning gravel patches/riffles show
moderate/widespread signs of | moderate/widespread signs of instability
instability and/or disturbance | (scour/filling) and/or > 16% and 21%
known to reduce productive fine particle sizes < 0.85mm in diameter
capability (one or more habitat
components missing or
significantly reduced presence)

Poor 1/3 Rearing habitat shows signs of| Spawning gravel patches/riffles show

major/widespread disturbance | major/widespread signs of instability
likely to cause major reductiong (scour/filling) and/or > 21% and 26%

in its production capabilities fine particle sizes < 0.85mm in diamete
(two or more habitat components
missing or severely reduced
presence)

Rearing habitat severely
disturbed so that production
capabilities are without value to
salmonids at this

Time

Sources: USFWS 2005 and USDA Forest Service 2005

=

No Value 0 Spawning gravel patches with > 26%

fine particle sizes < 0.85mm in diamete

=

The variety in costs, amounts of habitat gain, and species utilmtgntial project sites
throughout Washington State can make the characterization andizaimn of corrections to
fish passage barriers complex. The WDFW Fish Passage Invent@gss uses a Priority Index
model to consolidate the many factors which affect a projdetsibility (expected passage
improvement, production potential of the blocked stream, fish stock heslth, into a
manageable framework for developing prioritized lists of projectfie result is a numeric
indicator giving each project’s relative priority that includesoduction benefits to both
anadromous and resident salmonid species adjusted for sympatigsSpégractions (species
complexes). The Priority Index (PI) for each barrier is calculatedllasvt:

4
s I(BPH ) x MDC ]

all species

Pl

Where:
Pl=  Fish Passage Priority Index

Relative project benefit considering cost.
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The Pl is actually the sum (all species) of individual Ples) one of which is calculated
for each species present in a strearg,(Plono is added to Riumto obtain Pl specie3-

The quadratic root in the equation is used because it provides anaoageable number
and represents a geometric mean of factors used.

B = Proportion of passage improvement

Proportion of fish run expected to gain access due to the projecalfpigsafter project
minus passability before project); gives greater weight to pgeoje®viding a greater
margin of improvement in passage.

Barriers are assumed to be partial and have a value of 0.67. iddbdiis to this
approach can be applied with advanced levels of expertise.

P = Annual adult equivalent production potential p&r m

Estimated number of adult salmonids that can potentially be prodyceaddn m of
habitat annually.

The values (adults/f are species specific; Chinook salmon = 0.016, chum salmon =
1.25, coho salmon = .05, pink salmon = 1.25, sockeye salmon = 3.00, steelhead = 0.0021,
bull trout/Dolly Varden = 0.0007, searun cutthroat trout = 0.037, resident
cutthroat/rainbow trout = 0.04, brook trout = 0.04, and brown trout = 0.0019.

H = Habitat gain in h

Measured/calculated from physical survey; gives greateghtvéd projects which will
make greater amounts of habitat available.

Spawning area values used for species complexes normallydilbytepawning habitat
(sockeye, chum, and pink salmon) and rearing area values used for gpecpexes
normally limited by rearing habitat [(coho salmon, searun cutth@mahook salmon, and
steelhead) and (resident cutthroat/rainbow trout and bull trout/Doligevia and (brook
and brown trout)].

When more than one species within a species complex is presemaddlified to reflect
sympatric interactions among species with similar freshwidgehistories. The result is
a reduction of single species habitat area values when competing spexists coe

M = Mobility Modifier

Accounts for benefits to each fish stock for increased niplfgiccess to habitat being
evaluated); gives greater weight to projects that increase pmtuof species that are

10
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highly mobile and subject to geographically diverse recreational and comnfistegies
by providing access to habitat currently limited productivity.

2 = Highly mobile stock subject to geographically diverse emeal and commercial
fisheries (anandromous species).

1 = Moderately mobile stock subject to local recreational fisheries (resipecies).
0 = Increased mobility of stock would have negative or undesirablectspon
productivity or would be contrary to fish management policy. By defaxibtic
salmonid such as brook trout and brown trout are assigned a O value baleaset the
only salmonid species present in the system.

D = Species Condition Modifier
Representations of status of species present; gives gretgt wo less healthy species
as listed in theWashington State Salmon and Steelhead Stock Inventory (3&&51)
(WDF et al. 1993) andWashington Salmonid Stock Inventory, Bull Trout/Dolly Varden
(WDFW 1997). In the absence of a SASSI assignment, stock condition dheuld
estimate using the best available information.
3 = Condition of species considered critical.
2 = Condition of species considered depressed or stock of concern.
1 = species not meeting the conditions for 2 or 3.

C = Cost Modifier
Representation of projected cost of project; gives greater weight to Iégspcoects.
3 = incremental funds needed400,000.
2 = incremental funds needed >$100,000 a6i09,000.
1 = incremental funds needed >$500,000.

All barriers receive a cost modifier value of 2 until enginggrievaluations are
completed.

The information from the fish passage priority index that residethe fish passage and
screening database is shown in Table 2-2.

11
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Table 2-2
WDFW Fish Passage and Screening Database (SSHEARBaéd#)ibute

Descriptions for the Fish Passage Priority Index
(attribute values in bold text are mandatory choice)

Attribute Description

B B= Proportion of passage improvement. Values aage between 0.1 and 1.0. This value is
based on the % Passability estimate made for bdeatures. A total barrier would have a
value of 1 indicating a 100% improvement in fistsgege if the barrier were corrected. Based
on current barrier assessment methodologies irgdues should be; 0% passablé.8, 33%
passable ©.67, 67% passable 8.33 These values can vary between species for a give
barrier reflecting different swimming strengths.

P P= annual adult equivalent production potentialmer Values are species specific. This is a
read only field with the values being programmed ihe form.

H H= gain in production habitat @nabove barrier. This value is taken from the sigjd
production area table in the habitat assessmeeadpheet.

M M=mobility modifier. Values include? (anadromous specied)(resident species), afd

(species whose increased mobility would have negatipacts to native species such as
brook trout and brown trout). Default values hheen programmed into the form. They can
be changed if conditions require.

D D= stock condition modifier. Valid entries includ®(stock status critical®, (stock status
depressed or of concern), bfstock status not meeting the conditions for 3)or
C C=cost modifier. Valid entries includ®;(estimate project cost $100,00R)estimated
project costs >$100,000 an8500,000, od (estimated project costs >$500,000).
Pl Species Species specific Pl value. Read only, calculatetbtm.
Pl Total Sum of all species specific Pl values. Read ardiculated by form.

2.1.3 Fisheries Investigations

Electrofishing was conducted following procedures identified keyrRIds (1996), which are
commonly employed by fisheries biologists. Electrofishing wa$opeed during non-spill
periods to ensure the safety of the field crew.

Given that the habitat and species data collected for the Figlactdrazation Below the Drop
Structure Report will be incorporated into the Fish Species Busion and Composition Study
Report (completion April 2007); an effort was made to be consistémtive protocol employed
on the other stream reaches. Three 30 m study sites (SSyuveeyed in the approximately
1464-foot section of stream below the drop structure on August 23, 2006. Treeisaiated
reach was electrofished during October 2006. Stream sectioaessekted by using block nets.
The field crew leap-frogged the block nets while moving upstream through thedsath.

The following information was recorded:

stream section captured

species

fork length (mm)

weight (gm)

Note of visible deformities or injuries, and eggs or milt present.

agrwnE
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The multiple pass removal method was utilized to calculate abumdssticnates. In addition,
scales from a representative sample of the fish collected selected and analyzed to determine
ages of the fish. All fish were returned to the reach they waeptured in, downstream of the
block net.

In addition to other data analysis, a graph, by species, is includectinigpveight and fork
length. These graphs, along with scale analysis, will aid ideteyrmination of age/year classes
for the various fish species present.

2.1.4 Determination of Upstream Migration Timing (spawning, foraging and eth
movement) of Rainbow and Cutthroat Trout and Other Fish Specisthin the
Isolated Reach

In order to determine the upstream migration timing of rainbotthimat, and other fish species
potentially present in the isolated reach, the stilling apron aréiae outlet pipe was sampled
using a fyke net continuously from early July thru mid-October. GGikie ability of fyke nets to
retain captured fish, the net was checked every time a biotagist to the lake for any reason,
(approximately twice per week). The dimensions of therggilipron made seining techniques
inefficient due to the amount of area that could not be nettedctgrreGill nets were also
considered. However, because of the increased requirements relatedintenance and
observation, it was determined that the use of a fyke net would be afficgent and least
harmful. All captured fish were released immediately downstre& the stilling apron in
suitable resting habitat. Visual counts of all fish in the aprea arere made on each trip to
provide additional information on fish species present below the drop structure.

2.1.5 Fish Presence Information in the Vicinity Upstream of the Drop&tiure

A separate entrainment study is being conducted for the Proplease see Packwood Lake
Entrainment Study Report.

2.1.6 Literature Review of Potential Injury to Fish Below the Drop StruetDuring Spills

A literature review was conducted to determine the potentiahjiary or mortality to those fish
that could pass over the drop structure during spill events. This mtiomhas been compared
with the physical characteristics of the drop structure, depth o pdtance of fall, etc. to
determine the potential for injury if fish were to be swept okierdrop structure during a spill
event (Appendix B).

3.0 RESULTS

3.1  Analysis of Upstream Barrier

A batrrier falls exists 1464 feet below the drop structure. Thaebavas surveyed as a vertical

falls of 11.80 ft as measured at a baseflow release of 3.5 tife dtop structure (Figure 3-1).
This falls exceeds the leaping capability for rainbow trout@hdr resident fish found in Lake
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Creek. Immediately downstream of this falls is another brathat exceeds 4 ft in height
(Figures 3-1 and 3-2).

Figure 3-1
11.80 Ft. Barrier Falls Located 1464 Feet Below thBrop Structure
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Figure 3-2
11.80 Ft. Barrier Falls and Lower 4 Ft. Falls Apprximately 1464 Feet Below the Drop Structure

3.2  Quantification of Rearing and Spawning Habitat

Three 30 m study sites were surveyed in the approximately 1464dotbn of stream below
the drop structure on August 23, 2006. Gradients ranged from 1.37% at Sfést(tiee drop
structure) to 3.63% at SS3, (just above the barrier). A distinctah&béak existed near SS2. A
higher gradient (6.23%), much coarser substrate and short steep balganhade this reach
distinct. Spawning gravel at all 3 sites comprised less thanfi¥e total substrate. Rearing
habitat and cover were variable throughout the sites. Table 3-1displlathe variables
measured to adequately input habitat gain into the Priority IlMdedel. The associated
substrate code is displayed in Appendix A.
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Table 3-1
Rearing and Spawning Habitat Data for Lake Creek B&w the Drop Structure
Study Site #1
Gradient % Spawning Gravel % Rearing Habitat % Instream Cover % Canopy Cover % Water Temp. (C)
1.37% 5% 70% 5% 1% 17.0
Distance (ft) Unit Distance (ft) Habitat Substrate Wetted Width (ft) Bank Full Width (ft)
0-16 16 Glide 86.7 16.6 27.0
16-32 16 Run 68.6 17.9 32.0
32-98 66 Pool 65.7 20.6 38.0
Study Site #2
Gradient % Spawning Gravel % Rearing Habitat % Instream Cover % Canopy Cover % Water Temp. (C)
6.23% 1% 30% 30% 20% 17.0
Distance (ft) Unit Distance (ft) Habitat Substrate Wetted Width (ft) Bank Full Width (ft)
0-16 16 Glide 86.8 8.0 30.5
16-82 66 Run 86.7 16.6 34.5
82-98 16 Cascade 86.7 22.7 34.0
| | s S N
Study Site #3
Gradient % Spawning Gravel % Rearing Habitat % Instream Cover % Canopy Cover % Water Temp. (C)
3.63% 0% 70% 35% 8% 16.0
Distance (ft) Unit Distance (ft) Habitat Substrate Wetted Width (ft) Bank Full Width (ft)
0-14 14 Split Glide 86.8 31.7 55.5
14-21 7 Cascade 86.9 24.0 50.0
21-31 10 Run 86.9 24.3 51.0
31-73 42 Glide 68.8 16.6 51.3
73-90 17 Pool 86.7 29.0 38.8
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3.2.1 Calculation of Fish Passage Priority Index

Once all data was collected and organized, the HQM value wasdfpheth wetted width and
bankfull width numbers for all reaches related to both spawning andgdaabitat. A total
amount of rearing and spawning habitat was derived for both wetted andt bankfull width
criteria. Total wetted width and bankfull width habitat for regrin the isolated reach was
determined to be 395.0°nand 797.6 mrespectively. Wetted width for spawning habitat was
determined to be 9.1 fvand bankfull width for spawning was calculated to be 1% &mthe
entire isolated reach (Tables 3-2 and 3-3).

Table 3-2
Wetted and Bankfull Width Data for Isolated Reach Bebw Drop Structure
Wetted Width Modified Wetted Width
Rearing Rearing Spawning Modified
Study Site Habitat (M2) Modifier Value Habitat (M2) Modifier Spawning Value
1 124.31 1.00 124.3 8.88 0.67 5.92
2 44.22 0.67 29.5 1.47 0.33 0.49
3 132.99 0.33 44.3 0.00 0.00 0.00
Wetted Width Modified Wetted Width
Rearing Rearing Spawning Modified
Study Site Habitat (M2) Modifier Value Habitat (M2) Modifier Spawning Value
1 224.48 1.00 224.48 16.03 0.67 10.69
2 92.22 0.67 61.48 3.07 0.33 1.02
3 289.46 0.33 96.49 0.00 0.00 0.00

Table 3-3
Wetted and Bankfull Width Data for Isolated Reach Below Drop Structure
Modified
Modified Rearing Wetted Width Spawning Wetted Width
Reach Length Wetted Width Rearing Habitat | Wetted Width Spawning Habitat
Reach (M) Value (M2) Available (M2) Value (M2) Available (M2)
1.0 26.4 4.1 109.5 0.2 5.2
2.0 239.6 1.0 235.6 0.02 3.9
3.0 33.8 15 49.9 0.0 0.0
Total 395.0 Total 9.1
(A A N P
Modified
Modified Rearing | Bankfull Width Spawning Bankfull Width
Reach Length Bankfull Width Rearing Habitat | Bankfull Width Spawning Habitat
Reach (M) Value (M2) Available (M2) Value (M2) Available (M2)
1.0 26.4 7.5 197.7 0.4 9.4
2.0 239.6 2.1 491.2 0.03 8.1
3.0 33.8 3.2 108.7 0.0 0.0
Total 797.6 Total 17.6

Once wetted and bankfull width data was determined, the followilegladon was applied to
establish the Priority Index:
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The values used in this calculation were as follows:

Species used for calculationsRainbow Trout (Note: only rainbow trout were observed during
investigations for this study as well as the Fish Distributiod &pecies Composition
Surveys).

B = Proportion of Passage ImprovementBarriers are assumed to be partial and assigned a
value of 0.67.

P = Annual adult equivalent production potential per’m0.04 for rainbow trout

H = Habitat Gain in nf: Rearing area values are used for species complexes nolimitkyl
by rearing habitat (resident rainbow). From Table 3-2.
Wetted width rearing (R 395.0
Bankfull width rearing (f): 797.6

M = Mobility Modifier: 1 = Moderately mobile stock subject to local recreational fiskeri
(resident species)

D = Species Condition Modifier:2 = Conditions of species considered depressed or stock of
concern

C = Cost Modifier: All barriers receive a cost modifier of 2 (incremental fuméeded
>$100,000 and $500,000) until engineering evaluations are completed.

CALCULATED PI : Wetted Width: 2.55
Bankfull Width: 3.04
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3.3 Fisheries Investigations

Fish presence information was gathered during the rearingmawining habitat evaluation on
August 23, 2006. Given that the habitat and species data colfectibe Fish Characterization
Below the Drop Structure Report will be incorporated into thé Mpecies Distribution and
Composition Report (completion April 2007); an effort was made to beistens with the
protocol employed on other stream reaches during the August sunweryg Ehe second survey
in October, the entire 1464 foot reach was surveyed. Two electrgfipasses were made at
each site. A total of 5 rainbow were captured, (3 at SS1, 2 at I3%2) fish ranged in length
from 40 mm to 140 mm and in weight from 1.0 g to 28.0 g. Scale samplealkected from
all fish and fish were released unharmed. No visible diseaphy®ical abnormalities were
noted. Figure 3-3 displays the length versus weight ratio ofchgitured during the August
2006 analysis.

Fish Population Characterization Below Drop Structu re
Rainbow Trout
Fork Length vs. Weight (August 2006)
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Figure 3-3

Length vs. Weight of Rainbow Captured in August 2006
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The entire 1464 foot reach was surveyed for fish presence on Octdbemd718', 2006.
Reaches between 150 and 200 feet were segmented using block nets adctrfishing
passes were made. A total of 12 rainbow were captured measatimgen 70 mm and 165 mm
and weighing between 3.7 g and 39.5 g. All fish were captured in the 8ppeeet of the
1464 foot reach above the distinct habitat break mentioned in the readrgpawning habitat
section. A majority of the fish were captured in the lower gradpools and glide that define
the upper area of this reach. Scale samples were collectadait fish and fish were released
unharmed. No visible disease or physical abnormalities were nétggire 3-4 displays the
length versus weight ratio of fish captured during the October 200¢saaFigure 3-5 displays
a scatter plot with a line of best fit for all fish captured in both August and Qctobe

Fish Population Characterization Below Drop Structu re
Rainbow Trout
Fork Length vs. Weight (October 2006)
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Figure 3-4
Length vs. Weight of Rainbow Captured in October 206
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Length vs. Weight Correlation for Rainbow Trout
Captured Below the Drop Structure (2006)
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Figure 3-5

Length vs. Weight Correlation for Lake Creek RainbowCaptured Below Drop Structure

Given the small size of the scales collected from rainbow frodhe reach, accurate scale
analysis would have been extremely difficult and likely insatu A study done in 1998 on the
Clearwater River in Idaho correlates age with fork lemgtresident salmonid species (Espinoza
1988). Table 3-4 provides length and age information along with spediesutisn from this
study.

Table 3-4
Length vs. Age Table for Rainbow Trout Captured inLower Lake Creek
Species Age| Length (in mm, Fork Length) Number Capired
1+ 65— 110 7
2+ 111 - 150 9
Rainbow Trout 3+ 151 - 200 1
4+ 201 — 305 0
Big >305 0

3.4 Determination of Upstream Migration Timing

Capture devices were to be put in place in the stilling apronbrugey 2006. Due to heavy
snow and high flows creating overtopping events through June, the net wagplaae in mid-
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July. Several overtopping events occurred in May and June 2006. Parat &dter the net was
put in place in July, many rainbow (up to 20 at one time), approxiyn2®€ to 300 mm in size,
were observed near the net orienting themselves directly intcuthent from the outflow pipe.
These fish were located in an area that could not be covered Hykinenet due to the
dimensions of the stilling apron (Figure 3-5).

A fyke net was used to capture fish potentially attempting amagrstmigration near the drop
structure. The fyke net consisted of a 3 ft.x3 ft mouth with a.10rfg tapered collection area
and two 15 ft. long wings used as a guidance mechanism. Iniiallgral configurations were
used to determine the optimal location for capturing fish. It wesrmdéned that orienting the
mouth of the fyke net so that it was directly in the currenhefautflow pipe from the lake was
the best option. Figure 3-6 displays the location of the fyke net. nBbhewas fished

continuously in this location from mid-July through late October, 20@Ge rainbow trout

measuring 220 mm was captured in the net over the four and a half peoatth the trap was in

place.

Figure 3-6
Primary Netting Location Below Packwood Lake Drop $ructure
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3.5 Literature Review of Potential Injury to Fish Below the Drop Structure During
Spills

A literature review was conducted to determine the potentiahjiary or mortality to those fish
that could pass over the drop structure during spill events. This @tionmhas been compared
with the physical characteristics of the drop structure, depth ofpdmtance of fall, etc. to
determine the potential for injury if fish were to be swept okerdrop structure during a spill
event (Appendix B).

4.0 DISCUSSION

The location of the fish passage barrier downstream of the drofustrueas determined to be at
approximately 1464 ft (446 m) downstream of the drop structure. Tier 328 ft (100 m) of
the isolated reach produced 88% of the fish captures. This appdaratresult of a significant
habitat break, which occurs approximately 350 ft (107 m) downstreamtifr®mrop structure.
Gradient increases at this break from between approximately b.5%et 6%. Habitat units
transition from primarily deep, slow moving runs, glides and pools @amlyn cascades and
plunge pools. Substrates become coarser and the overall availabtg laliiat for rainbow
trout is significantly diminished (Table 3-1).

There was a significant difference in size between the fish obsenesdingi themselves into the
flow immediately below the drop structure and those captured viaradishing downstream.
The rainbow trout in the stilling apron ranged from 200-300 mm whilefitthe captured
downstream ranged from 40 mm to 165 mm. The lengths of the fishr@@dokownstream of the
drop structure correspond well with fish observations in lower Gikek below the established
barrier for this study. These observations will be furthecudised in the Fish Species
Composition and Distribution Report. It is likely that the lar§eh observed immediately
below the drop structure moved downstream as a result of overtopping ievbtag and June,
2006. These rainbow were observed directly in front of the outflow gipy lattempting to
return to Packwood Lake. Given the appreciable difference in meanbsiween the two
groups, it is likely that a rainbow population utilizing only loweake Creek has been
established that is distinct from the Packwood Lake population.

Due to higher than normal snow and conditions as a result of snoywcorainencement of this
study was delayed due to access and appropriate gear instaflaties. Once access became
possible, overtopping events and a planned spill event to accommodatdrgemntow, large
wood, gravel transport, and barrier analysis studies precluded setmgn the drop structure
until after the spill had ceased.

Per the study plan, a seine net was employed in June to capkuire the apron below the drop
structure; both seines and gillnets proved ineffective for capfuiieh in this area. A fyke net
for use below the drop structure was deployed in mid-July howevertlageret has had limited
success. Visual counts of rainbow trout in the apron have been maaelotrip to provide
additional information on fish present below the drop structure. Therfgkéas been fished
continuously since mid-July and was pulled in late October.
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The study plan schedule provided for seining to occur one day per montiefgear, starting in
May 2006, with seining occurring twice in May and June. Becauséngecould not be
conducted as provided in the study plan, Energy Northwest proposes taueociie study to
June 2007, after which a final report will be submitted. As notdaeistudy plan, it may not be
feasible to net the area below the drop structure during therwdoee to snow cover. |If
conditions are such that seining cannot occur during the winter, thiédee wdentified in the
final report.

No additional modifications to ongoing studies or new studies relateBish Population

Characterization are being proposed by Energy Northwest. A fuaralftreport that addresses
upstream migration timing, following the completion of the seinindj, vé distributed to the

agencies and tribes that incorporates comments received on fthesinaell as additional data
from the seining effort.
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Appendix A

Substrate Code
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SUBSTRATE
Diameter

Code Number Description mm inches
1 Silt, Clay, Organics <2 <0.1
2 Sand <2 <0.1
3 Small Gravel 2-12 0.1-0.5
4 Medium Gravel 12-38 0.5-1.5
5 Large Gravel 38-76 1.5-3.0
6 Small Cobble 76-152 3.0-6.0
7 Large Cobble 152-305 6.0-12.0
8 Boulder >305 >12
9 Bedrock
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Appendix B

Fish Injury Related to Spill Events Literature Review
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1.0 INTRODUCTION

A literature review was conducted to determine the potentialnfaryi or mortality to
those fish that could pass over the drop structure on Packwood Lake dultieyepis.
This review was conducted in accordance with the “Fish Populationra€blearation
Near the Drop Structure Study Plan,” Item 5.2.6, which stdt&diterature review will
be conducted to determine the potential for injury or mortality to thiesethat could
pass over the drop structure during spill events. This informatiorbevilompared with
the physical characteristics of the drop structure, depth of pools, distdria#, etc., to
determine the potential for injury if fish were to be swept over the drop structurgduri
spill event.”

The Packwood Lake concrete drop structure and stilling basin diomengie shown in
Figures 1-1, 1-2, and 1-3. Figure 1-1 is a photograph of the drop strdating a spill

event in November, 2006; Figure 1-2 is a diagram of the drop structar&igure 1-3 is
a plan view of the stilling basin.

Prior to construction of the drop structure in 1964 there was no penmaran-made
barrier to fish movement between Packwood Lake and the upper 1464 limeeont.ake

Creek. Since then the drop structure has been a barrier to fisation (upstream and
downstream) except when high flows spill over the top and fish pass downstream. Due to
the natural barrier 1464 feet below the current drop structure locéisbnbelow this

point would not have been permitted passage to the lake prior to trepuse
installation.

The drop structure weir is 14 feet high and 80 feet across. Fsingalownstream over
the weir during a spill would fall a maximum of 10.5 feet to theewatirface below into
the stilling apron, which is 3.5 feet deep. The height above the resirup to the top of
the wing walls, on each side, of the spillway is 12.5 feet. Thedpilh capacity of the

Packwood Lake spillway and drop structure is about 1000 square feetthleoveir and

between the wing walls.

There is a 24-inch valve that provides an instream flow of approsiynatto 3.5 cfs to
lower Lake Creek. However, because the flow through this piperéened at the intake
structure, the only way for fish to migrate from Packwood Lake doeaust to lower
Lake Creek is over the weir during spill events.

Spill over the drop structure begins when the water level ex¢kedsp of the spillway
crest at elevation 2858.52 ft MSL. The amount of water (in cfs)ingagke drop
structure’s 80-foot wide rectangular weir opening increases witreasing lake
elevation. Flow over the drop structure is driven by the lake wdevevhich in turn is a
function of the constantly changing natural inflow to the lake ancatheunt of water
diverted for power generation. Spill over the drop structure is uncaarodcause there
are no flash boards or spillway gates.
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The primary fish species of concern in Packwood Lake is rainbmw @@ncorhynchus
mykiss gairdneji These fish appear to be more closely related to tBagf@shington

redband trout than to the coastal rainbow trout (Lucas and Chil@82). Behnke
(2002) indicates that the inland form of redband trout inhabits sp@dl streams and
rivers and lakes, live 3-10 years, and those inhabiting larger bodies of wategadftv to

18 inches and 3 pounds. All forms of redband trout are part of the rainbatnspecies
Oncorhynchus mykig8ehnke 2002).

Currently, any recruitment of fish from Packwood Lake into tloéated reach of Lake
Creek below the drop structure, down to the next barrier located apptekm464 feet
downstream, is dependent on periodic spill events. The drop structtoe sgh to

allow fish passage, and the fish flow valve is screened; thusaitc@mplete barrier to
upstream fish migration.

Fish surveys conducted downstream from the drop structure in 1993, and frorto2004

the present, indicate the presence of adult and juvenile resident domasbow trout
(O. mykis¥in this reach of Lake Creek (USFS 1993, EES Consulting 2006).

Figure 1-1
Packwood Lake Hydroelectric Project Drop Structure

B-2



Fish Population Characterization Near the Drop $fiure November 2006

Figure 1-2
Diagram of the Drop Structure
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Figure 1-3
Plan View of the Stilling Basin
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2.0 METHODS

The literature search included investigation of a variety foffiination sources that are
considered pertinent to fish migration injury related to dams. netesearches were
made using various information search websites (Google, AOL, Ahgewtc.), US

Army Corps of Engineers web sites (e.g., Walla Walla Ri3tr Various technical

books, journals and reports on these topics were also reviewed.

3.0 RESULTS
3.1 Overview

The majority of the studies on dam-related fish migration inyueye conducted in the
Columbia River system on larger hydroelectric dams. Theseesttatiused primarily on
juvenile salmon mortality and injury due to entrainment or collisionndudiownstream
migration.

Much of the pertinent research on the effects of dams and resemwofrsh has been
focused on juvenile salmonids as they migrate from their natarsvab the ocean
(Adams et. al 2001). There is a consensus that migration hgeagdstime of travel,
predators, etc.) associated with mainstem dams are a leadiog in the mortality of
smolts as they migrate downriver in the Columbia River systdatiqnal Research
Council 1996). The portion of the research dealing with fish injuryndwspill events is
from the Columbia River basin and focuses on salmon and steelhead.

According to Odeh and Haro (2000) any evaluation of fish passagaustsicequires an
understanding of the target fish’s migratory and swimming behasiaedl as hydraulics
and habitat preferences. Odeh and Haro (2000) identify the follovismegniajor
components, and their functions, that must be taken into consideratiarcéessful fish
passage systems: 1) the immediate reach of the waterwayl 48/ the passage structure,
2) the entrance to a fishway or bypass, 3) the passage striistfe4) the passage
structure’s exit, and 5) the reach below where fish exit. Tbassiderations should be
useful for evaluating the potential for injury to fish from the drwpcture on Packwood
Lake.

Although the main focus of this inquiry is on the potential impactssto gassing over
the drop structure at Packwood Lake, the evaluation should also include catrmidef
the fish behaviors (e.g., spawning migration, searching for food, egga@dation) that
occur in Packwood Lake fish populations that might bring fish closegbntmube swept
over the drop structure and be subjected to possible injury.

The biological consequences of entrainment by power plants are irdthdnc the

species of fish involved, the manner in which they are physicaléctatl, and their
ecological role (Goodyear 1977). The relative importance d¢f ekthese factors is both
species and site specific and is affected by the size angndefthe power plant,
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associated facilities, and structures (Goodyear 1977). Matlwainaitbdels were used by
Goodyear to estimate percentage loss of populations of aquatic stngatiat are
entrained by power plants located on rivers, streams, lakes amnbnese These models
may be useful to estimate the percentage loss or injury due Rydjeet’s drop structure.
These models require knowledge of average concentration of fishkwé&at Lake, the
flow in the lake, and the flow over the spillway.

Movement, behavior, and passage routes of radio-tagged emigratingeatesimolts

were evaluated at Wanapum Dam on the Columbia River to detetin@r@oportional

usage of various downstream passage routes fish took at that hytlioeleject (Royer

et al. 2000). The evaluation found that 34% of the steelhead smolts ubedyspi
passage.

A radio telemetry study conducted at the Lower Saranac Hydtael®roject to assess
effectiveness of the project’s bypass system passing saddifoeit smolts found that, out
of five possible downstream passage routs, 12% of the steelhead pass the spillway
during a spill event (Simmons 2000).

At Packwood Lake, the only downstream passage route is currenfgss over the
spillway.

Naughton et al. (2006) reported finding head and body injuries while tigatisg
fallback injuries at dams in Columbia River sockeye. Head injuchinook salmon and
steelhead has been observed in fishways of the Columbia Riversiaeesthe 1970s
(Gustason et al. 1997).

No injury studies were found that specifically involved rainbow troutthcoat trout or
redband trout. However, steelhead are the same species as ramboadband trout,
and are related to cutthroat trout. Results from these studiglsing steelhead may be
applicable td. mykissn the Packwood Lake — Lake Creek system.

3.2 Factors To Consider

Although the Packwood Lake intake structure is screened, andojhatducture does not
involve turbines, the types of fish injuries that might occur magifodar to those found
with turbines (OTA 1995). Fish injuries, however, would be expecteduchness
severe.

Causes of injury to fish at the Packwood Drop Structure could pdigrdame from
these four factors:

1) Mechanical
2) Pressure
3) Cavitation
4) Shearing
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Downstream passage of juveniles can cause impingement, bruisiag kss
(descaling), and stress (Chapman et al. 1991). The probabilityistf being injured or
killed is a complicated function of characteristics of the fgpeties, age, length, mass,
condition), and behavior (Cada et al. 1997). Other important injury factohsde:
collision velocity, fish swimming speed and behavior, fish orientatiatemwelocity,
distribution of fish, whether they are randomly, or passively, omatieg to resist
moving across the drop structure (Cada et al. 1997).

Fish swimming speed and ability is a function of body size (QRO0b). The size and
age of fish would seem to be a determining factor in assesgngptential for a fish in
Packwood Lake to be near enough to the drop structure to be at riskngfayar the
spillway. A larger adult fish feeding near the structure wdod better able to handle the
approach velocities of the downstream flow near the weir and swiay than smaller
fish, especially fry.[Note: fisheries investigations conducted to date for the Fish
Distribution and Species Composition study indicate the presence of @Bhen the
vicinity of the intake structurke

For the purpose of evaluating the Packwood Lake drop structure fish snpare be
grouped into the following general areas:

1. Mechanical injury

2. Predation

3. Water Flow and Spill

4. Fish behavior

3.2.1 Mechanical Injury

The most likely form of injury to fish going over the Packwood Ldk®p structure, and
associated features, during a spill is some form of mechanjag}. Injury could result
when fish come in contact with some part of the concrete welwapilone of the sloped
concrete braces, or the bottom of the apron below. ). The rigghdiitting the sloped
concrete braces would be expected to be much less than otheedeatdrobjects, since
these structures tend to split the water flow going over the avel concentrate flow
more towards the middle of each section of the stiling apron. Bartafish could
range from abrasion (loss of scales and mucous) to more seriamg, isjich as
contusions and internal bleeding.

Major factors that would affect the seriousness of mechamgatyi to fish at the
Packwood Lake drop structure are:

Amount of flow or spill over the weir

Distance of the fall or drop

Pool depth

Fish characteristics (e.g., species, age, size, condition)

Type of contact with hard surfaces (e.qg., direct hit, glancing blow)
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The amount of flow or spill over the weir is dependent on the lake, lexreth is
primarily dependent upon the amount of tributary inflow and project ppvastuction.
Spill occurs when lake elevation reaches 2858.52 ft and overtops the miciprset A
rating curve exists for the drop structure (see Lake DrawdowrRantping Rate Plans,
Energy Northwest 2006). For example, a lake elevation of 2859.70 ftrekkllts in a
spill of 311 cfs.

During a spill the maximum fall, or drop, that a fish would be subjetd would be
about 10.5 feet into the apron pool, about 3.5 feet deep. Entrance veloaitié® ca
calculated using the formula:

V = SQRT (&LH): where

V = Velocity
G=322
H=10.5

Using this formula, the entry velocity would be 26 ft/sec. Widpid depth of 0.2 feet (a
spill of 311 cfs), the spill would not reach the apron floor. At d dppth of 0.75 feet
(associated with a spill of 600 cfs), the spill would reach the floor, but it would be.gentle

The larger the size of the fish the greater the body masstefbre, it would be expected
that the larger the fish going over the drop structure, theegriret risk of the fish hitting
some portion of the drop structure, one of the sloped concrete brades pottbom of the
stilling basin, and the harder the impact would be to the fish.

3.2.2 Predation

After being stunned, or injured, by the fall over the drop stractlish may have an
increased susceptibility to predation. Avian predation on yearimgadder trout by
great blue herons\(dea herodus common merganserbérgus mergansegrriver otters
(Lutra Canadensj)s and mink Mustela visoh was found to be significant (Griffith
1993). Common merganser broods consumed significant numbers of wild colom salm
fry in a Vancouver Island stream (Wood 1987). Larger trout in L@ieek, found
downstream from the drop structure, may prey on smaller troutgthatver the drop
structure and are stunned. Larger cutthroat trout are known tostigopous (Quinn
2005).

Packwood Lake, and most of Lake Creek downstream from the dam, is within thel Giffor
Pinchot National Forest and is a relatively remote and wild afegan species such as
common mergansers, osprey®afdion haliaetus)and bald eagles Haliaeetus
leucocephalus)observed in the Packwood Lake area, could fish in the area downstream
of the drop structure; fish that are stunned, or injured, could be attosetive prey than

fish in Packwood Lake.

3.2.3 Water Flow and Spill
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See Section 3.2.1 “Mechanical Injury” for estimated spill velesithat would affect fish
going over the Packwood Lake drop structure.

In reservoirs, fish are often lost from surface dischargesdaararspillways. Fish loss is
more common over modern concrete spillways with laminar floleatdp than over a
drop-board spillway with turbulent, noisy flow. This loss varies byigge(Summerfelt
1993).

The vertical distribution of fish in a waterbody generally wilbw the largest number of
downstream migrants in the top half depth, although this is alterddcbyrs such as
sunlight, water temperature, fish size, species and day or night (Bell 1991).

Dissolved gas can become supersaturated at depth can injure fighkidlelow larger

dams (Muir et al. 1996). However, the scale of the Projeabg sliructure (e.g., 10.5 ft
drop at spill and the typical overtopping flows of approximately 50-18)) wfould not

be expected to form the conditions in the creek for gas bubble ttaumsaur with these
trout. Gas supersaturation conditions are more prevalent from spillnaweh larger

dams, like those on the Columbia River.

3.2.4 Fish Behavior, Migration and Territoriality

According to McKeown (1984) there are three major types of fish migrations:
1) Alimental — for food procurement,
2) Climatic — for reaching a region of better climate
3) Gametic — for reproduction.

Other biological as well as physical factors play a roldatermining direction, distance
and timing of freshwater migration (McKeown 1984).

The most common types of migration pattern exhibited by fish mowitigely within
freshwater are seasonal return movements to spawning areasuatigt us/olves an
upstream migration of spawning adults and a subsequent return to ckamn$eeding
areas (McKeown 1984). Displacement of young or subordinate adukedmd areas
usually occurs downstream (McKeown 1984). Genetic as well asoamental factors
seem to be important in determining direction and type of migrqiaitern followed
(McKeown 1984).

Movement of fish over a spillway may be related to defendingribory. The ability to
establish and hold a territory is largely dependent on body sitte laxger fish being
dominant in most encounters (Griffith 1993).

McKeown (1984) indicated that Northcote and co-workers (Kelso et al. Ng@thcote
and Kelso 1981) found genetic and rheotropic responses of rainbow traotvirgter
currents. They found that in order to maintain trout populations above saipas
waterfalls, emerging fry need to respond with a positive rheotakikewise, emerging
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trout fry from inlet and outlet streams of a lake used latahbyadult fish must possess
an appropriate and opposite rheotaxis in order to arrive at the lake.

Currents are usually thought of as being capable of transpadtuly fish, or at least
providing cues to which adult fish may respond for desirable rheotrppisthmay also
be useful to movements of fish eggs or young larvae (McKeown 198#andel and
Dodson (1979) have shown that currents may provide directional quesgi@ting male
rainbow trout and that olfactory stimuli from females’ ovarian dfluegulate the
rheotropic response.

Rheotropic responses of rainbow trout appear to be affected by tdorperland
illumination (Kelso et al. 1981). An enhanced rheotaxis has been obsertedbow
trout in response to decreased prey abundance both in the field (2Rr®yand in
laboratory experiments (Slaney and Northcote 1974).

The movement of fish throughout the day is not uniform (Bell 1991). Tine ¢if day
when the spill occurs, length of spill and water temperatweter factors to consider.
It is generally believed that photoperiod is the primary cue tiiggers migration,
although flow, temperature, and social interactions can also influence in(G2gR).

Fish that go over the Project’s drop structure and end up in Lalk& Getow would be
expected to eventually find a place where they can maintain aopositthe stream.
Some fish would probably try to swim upstream until they are blocketh® drop
structure. Eventually these fish would try to find a suitable Halsitanewhere
downstream. They would have to compete with resident fish withdylrestablished
territories for food and space.

All of the migration behaviors described above could be expected tor accthe
Packwood Lake system and, to some degree or another, could influertberwbenot,
fish end up going over the drop structure.

40 SUMMARY

The risk of fish going over the drop structure from Packwood Lakg @cdurs when
there is a spill. Spill events occur on a sporadic basis and bsitdvbe vulnerable to
going over the drop structure only if they were in the vicinifyhe ability of individual
fish to swim away from the spillway is size-dependent, withlenfish, especially fry,
being least able to swim out of the flow going towards the structdeslthy larger, or
adult fish, should be able to swim out of the current going towardrtpestructure and
get away.

With the existing Project drop structure, some kind of mechanicatying the most
likely type of injury that could occur to fish going over the struetduring a spill. The
distance a fish would fall, 10.5 feet (less at higher flows), ushmiower than typical
spillways on the much larger Columbia River dams and spillvayere most of the
research on fish passage injury has taken place.
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Scale and mucous loss and bruising injuries would be the most likely bf mechanical
injuries that fish would receive during a spill. This could occurdya fall if a fish hits
part of the weir or the base of the stilling apron. (Figures 1-1, 1-2 and 1-3).

The risk of hitting a part of the structure is related to the velamd velocity of a spill

over the weir. It would be expected that the larger the flow vglame greater the water
velocity, the greater the chance a fish would be forced at tegneslocity towards the

bottom of the stilling apron, or against a hard surface (e.g., stapeuete brace, large
woody debris, ice). The risk of fish hitting the sloped concrededs would be expected
to be much less than other features and objects, since thegarssruend to split the
water flow going over the weir and concentrate flow more towdresrtiddle of each

section of the stilling apron. The risk and the severity of thesehanical injuries are
related to a number of factors, many of them biological, (speaigsclass, swimming
speed, etc.).

Indirect effects to fish that go over the drop structure are dess. If the fish are
stunned from the fall then they could be more vulnerable to downstrestation from

avian, mammalian, and fish predators. These fish would also coropé&bed and space
with existing lower Lake Creek resident fish populations witteaaly established
territories

Rainbow trout fry that emerge from Packwood Lake and its tmi@staand migrate
downstream due to their natural rheotropic responses, may be more baitleaa adult
fish to being swept over the drop structure, if present in the vicinity of the structure.

5.0 LITERATURE CITED

Adams, N.S., G.E. Johnson, D.W. Rondorf, S. M. Anglea, and T. Wik. 2001. Biological
evaluation of the behavioral guidance structure at Lower GrBaite on the Snake
River, Washington in 1998. Pages 145-160 in: C. C. Coutant (editor). Betaviora
technologies for fish guidance. American Fisheries Society Sympdab, Bethesda,
MD.

Behnke, R. J. 2002. Trout and salmon of North America. The Free Pigsson of
Simon & Schuster, Inc., NY. 359pp.

Bell, M. 1991. Fisheries handbook of engineering requirements and biologieaa¢ 3d
edition. U.S. Army Corps of Engineers, North Pacific Division, FiRassage
Development and Evaluation Program.

Blum, John. Senior Fisheries Scientist, EES Consulting, Inc. 1155 M. StaSuite 700,
Bellingham, WA. 98225. Ph. 360-734-5918.

Cada, G. F., C. C. Coutant, and R. R. Whitney. 1997. Development of biolagfeaac
for the design of advanced hydropower turbines. Environmental Sci@iasgn,

B-11



Fish Population Characterization Near the Drop $fiure November 2006

Oak Ridge National Laboratory, Oak Ridge, TN. March 1997. PreparédSdenpt.
of Energy, Idaho Operations Office, Idaho Falls, ID. 85 pp.

Chapman, D. W., A. Giorgi, T. Hillman, A. Maule, S. McMcutheson, D. PatkPlatts,
K. Pratt, J. Seeb, and F. Utter. 1991. Status of Snake River Chinook Salepant R
by Don Chapman Consultants, Inc., Boise, ID, to Pacific Northwegitidd
Conference Committee, Portland, OR.

Coutant, C. 2001. Turbulent attraction flows for guiding juvenile salmortidfaias.
Pages 57-77 In: C. C. Coutant (ed.). Behavioral technologies for tistarge.
American Fisheries Society Symposium 26, Bethesda, MD.

Emanuel, M.E., and J.J. Dodson. 1979. Modification of the rheotropic behavior ef mal
rainbow trout Salmo gairdneli by ovarian fluid. Jour. Fish. Res. Board Can. 36:63-
68.

Energy Northwest. 2006. Letter dated January 17, 2006 from J.W. Bakkagalie R.

Salas, “Lake Drawdown and Ramping Rate Plans.”

Godin, J-G. J. 1982. Migrations of salmonid fishes during early lif@tyiphase: daily
and annual timing. Pages 22-50 In: E.L. Brannon and E. O Salo (eds.). Proceedings of
a Symposium on salmon and trout migratory behavior. Inv. Of Washingess,P
Seattle, WA.

Goodyear, P.C. 1977. Mathematical methods to evaluate entrainmeaguaitic
organisms by power plants. Topical Briefs: Fish and WildlifeoReses and Electric
Power Generation, No. 3. FWS/OBS-76/20.3, Sept. 1977. National Power Plant
Team, Biological Services Program, US Dept. of Interior, US$ Risd Wildlife
Service, Ann Arbor, MI. 17pp.

Griffith, J. S. 1993. Coldwater streams. Pages 405-425 In: In: Kohler,aBCW. A.
Hubert (Editors) Inland fisheries management in North Americaerfoan Fisheries
Society, Bethesda, MD. 1993.

Groot, C. 1965. On the orientation of young sockeye salmthorhynchus nerRa
during their seaward migration out of lakes. Behaviour (Suppl) 14:1-198.

Groot, C. and L. Margolis. 1991. Pacific salmon life histories. UBES, Vancouver,
BC Canada. 564 pp.

Gustafson, R. G., T.C. Wainwright, G.A. Winans, F.W. Waknitz, L.T. Parker, and R.S.
Waples. 1997. Status review of sockeye salmon from Washington and Oregon. NOAA
Tech. Memo. NMFS-NWFSC-33.

Kelso, B.W., T.G. Northcote, and C.F. Wehrhahn. 1981. Genetic and environmental

aspects of the response to water current by rainbow ti®atm gairdnedi
originating from inlet and outlet streams of two lakes. Can. Jour. Zool. 59:2177-2185.

B-12



Fish Population Characterization Near the Drop $fiure November 2006

Knudsen, E.E., C.R. Steward, D.D. MacDonald, J.E. Williams, and D.R.rRed®).
Sustainable fisheries management: Pacific salmon. From the fdosustainable
fisheries: Balancing the conservation and use of salmon and steaihiadPacific
NW” conference held in Victoria, BC, April 1996. Lewis Publishers, CR@ss,
Boca Raton, FL. 724pp.

Lichatowich, J. 1999. Salmon without rivers: A history of the Pad#ftmon crisis.
Island Press, Washington D.C. 317pp.

Lucas, R.E., and M.W. Chilcote. 1982. Life history and possible geoegins of
rainbow trout from Packwood Lake, Washington. Washington Department of Game.

McKeown, B. A. 1984. Fish migration. Timber Press, Portland, OR. 224 pp.

Montgomery, D. R. 2003. King of fish: The thousand-year run of salmon. \Westvi
Press, Boulder, CO. 290pp.

Montgomery, D. R., S. Bolton, D.B. Booth, and L.Wall. 2003. Restoration oftPuge
Sound Rivers. Center for Water & Watershed Studies, Univ. of WashirRjess,
Seattle, WA. 505pp.

Muir, W.D., S.G. Smith, E.E. Hockersmith, S. Achord, R.F. Absalon, P.A. 1Q&kMsI.
Eppard, T.E. Ruehle, J.G. Williams, R.N. lwamoto, and J.R. Skalski. 1996. Surviva
estimates for the passage of the yearling chinook salmon anukesige¢hrough Snake
River dams and reservoirs, 1995. Annual Report prepared for the U.S.Garpy of
Engineers, Walla Walla District, and Bonneville Power Adminisira National
Marine Fisheries Service, Coastal Zone and Estuarine Studies Divisiaie, Sbét

National Research Council. 1996. Upstream: Salmon and society in abiéic P
Northwest. Committee on Protection and Management of PacifichiMest
Anadromous Salmonids. Board on Environmental Studies and Toxicology,
Commission on Life Sciences, National Academy Press, Washington, D.C. 452pp.

Naughton, G.P., C.C. Caudill, M.L. Keefer, T.C. Bjorn, and C.A. Perry. 2006. Fallback
by adult sockeye salmon at Columbia River dams. N. Am. Jour. Of Fish. Management
26:380-390.

Northcote, T. G. 1962. Migratory behaviour of juvenile rainbow tr8almogairdneri,
in outlet and inlet streams of Look Lake, British Columbia. Jour. €i.ARes. Board
of Can. 19:201-270.

Northcote, T. G., and B.W. Kelso. 1981. Differential response to watezntury two

homozygous LDH phenotypes of young rainbow tr&alno gairdneji. Can. Jour.
Fish. Aquat. Sci. 38:348-352.

B-13



Fish Population Characterization Near the Drop $fiure November 2006

Odeh, M. and A. Haro. 2000. Developments in fish passage engineering argy.biolo
Pages 1-11 In: M. Odeh (ed.) Advances in fish passage technology. é&mgne
design and biological evaluation. American Fisheries Societyengioeering
Section, Bethesda, MD. 154 pp.

Office of Technology Assessment (OTA). 1995. Fish passage teciheml®gotection at
hydropower facilities. OTA-ENV0641. US Government Printing Offdé&ashington,
DC.

Pavlov, D.S., A.l. Lupandin, N.G. Degtyarev, and S. M. Dedov. 1995. Role of turbulenc
in the distribution of downstream migrating young fishes (earlsalastages) in wide
and narrow channels. Doklady Biological Sciences 341:211-215 (techdtaim
Doklady Akademii Nauk 341:842-845).

Ploskey, G. R. 1986. Effects of water-level changes on resercosygems with
implications for fisheries management. Pages 86-97 In: Hall andDémnAvyle
(eds.), 1986, Reservoir fisheries management: Strategies fo80tke American
Fisheries Society, Southern Division, Reservoir Committee, Bethesda, MD.

Quinn, T. 2005. The behavior and ecology of Pacific salmon and trout. @smeri
Fisheries Society, Bethesda, MD, and Univ. of Washington PrestfjeS&&A.
378pp.

Royer, D. D., D. Mathur, R. D. Sullivan, J. R. Skalski, and J. D. Pocld. B¢havior of
juvenile salmonids relative to a prototype surface bypass coltectiannel Pages 81-
94 In: M. Odeh (ed.) Advances in fish passage technology. Engigegesign and
biological evaluation. American Fisheries Society, BioengingeSiection, Bethesda,
MD. 154 pp.

Simmons, R. A. 2000. Effectiveness of a fish bypass with an angteddiaat passing
Atlantic salmon and steelhead trout smolts at the Lower Sarklydroelectric
Project. Pages 95-102 In: M. Odeh (ed.) Advances in fish passageoltayy.
Engineering design and biological evaluation. American Fisheriesiet$oc
Bioengineering Section, Bethesda, MD. 154 pp.

Slaney, P.A. 1972. Effects of prey abundance on distribution, density, andrigdrr
behavior of young rainbow trout in streams. M.S. Thesis, Univ. ofsBriolumbia,
Vancouver, Canada.

Slaney, P.A., and T.G. Northcote. 1974. Effects of prey abundance orydandi
territorial behavior of young rainbow trouSglmo gairdnedi in laboratory stream
channels. Jour. Fish. Res. Board Can. 31:1201-1209.

Summerfelt, R. C. 1993. Lake and reservoir habitat management. Pages 2B81-261

Kohler, C.C. and W. A. Hubert (eds.), 1993, Inland fisheries managementtim Nor
America. American Fisheries Society, Bethesda, MD.

B-14



Fish Population Characterization Near the Drop $fiure November 2006

Turnpenny, A.W.H., M.H. Davis, J.M. Fleming, and J.K. Davies. 1992. Experiinenta
studies relating to the passage of fish and shrimps through tidalr pornes.
Marine and Freshwater Biology Unit, National Power, Fawley, Soutptan,
Hampshire, England.

US. Army Corps of Engineers. Walla Walla District web sitew.nww.usace.army.mil

USDA Forest Service. 1993. R-6 Stream Survey Level IkelG@reek. Gifford Pinchot
National Forest. Randle/Packwood Ranger Districts.

Wood, C. C. 1987. Predation of juvenile Pacific salmon by common mergahesgus
merganser on eastern Vancouver Island. II: Predation of stream-resjdeanile
salmon by merganser broods. Can. Jour. of Fish. and Aquat. Sci. 44:950-959.

Wydoski, R.S. and R.R. Whitney. 2008land fishes of Washington"®edition revised
and expanded. Univ. of Washington Press, Seattle, WA. 320pp.

B-15



