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1.0 INTRODUCTION

Energy Northwest operates the Packwood Lake Hydroelectjed®? (Project) near the town of
Packwood in Lewis County, Washington. On November 12, 2004 Energy Northiedsa f
Notice of Intent (NOI) to file an application for a new hse to operate the hydroelectric
project. Energy Northwest also concurrently filed with theddfal Energy Regulatory
Commission (FERC) and the resource agencies, a Pre-ApplicatiomBot(PAD), containing
existing, relevant, and reasonably available information describengxisting environment and
the potential effects of Project facilities and operations. Waldil studies to address barriers to
fish passage were requested to supplement information contained IABh@NFDFW 2005,
USFS 2005).

Energy Northwest, in consultation with tribes and agencies, a@s@land implemented a study
plan to analyze natural and Project-related barriers to issgge on Project lands and within
Project boundaries and potential natural barriers on Lake Creek@BESulting 2005a). This
report provides results of the barrier analysis.

1.1 Project Area and Study Area
1.1.1 Project Area

Energy Northwest's Packwood Lake Hydroelectric Project, FERC2844, received its initial
license in 1960. The majority of the Project is located in théo@ifPinchot National Forest,
east of the town of Packwood (Figure 1.1). The Project consists witake canal, a concrete
drop structure (dam) and intake building on Lake Creek located about 42bWaestream from
the outlet of Packwood Lake, a 21,691-foot system of concrete pipe andsium®e621-foot
penstock, a surge tank, and powerhouse with a 26,125 kW turbine generator.

The source of water for the Project, Packwood Lake, is a lakeptheexisted the Project,
situated at an elevation of approximately 2,857 feet above meanewsela(MSL), about
1,800 feet above the powerhouse. Water discharged from the Projdetsedeto the Cowlitz
River via a tailrace channel. Power from the Project is delivever an 8,009-foot 69 kV
transmission line to the Packwood substation.

The total area drained by Lake Creek and Packwood Lake is apptekimi9.2 square miles.
The Project seasonally regulates the lake level so thatait EI. 2,857.0 ft £0.50 ft MSL in
summer recreation months and drawn down to no lower than EIl. 2,849.0 ft M3ig doe
winter months. This provides 8 ft of vertical storage usable byPtbgct. The Project is
operated to achieve a lake elevation of 2,857 +0.50 ft by May firsac year. This level is
maintained until September 15 when drawdown may begin. When lake iesglabove the
drop structure crest elevation (El. 2858.50 ft), the flow passestlweairop structure into Lake
Creek downstream of the lake. The Project also provides a flow to Lake Creek taraginch
pipeline.
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Figure 1.1
Energy Northwest's Packwood Lake Hydroelectric Becbjs located in the Cowlitz River Watershed, Utéyy to
the Lower Columbia River in Southwest Washingtoat&{source Energy Northwest 2004)

1.1.2 Study Area

The study area encompasses analysis of the natural barrieakereek from its confluence to
RM 1.95 as well as barriers to fish passage from Projeditizcisuch as roads, trails, pipelines
and the tailrace. The tailrace channel and the drop structiraddressed in separate studies
(see Geomorphology and Habitat of the Tailrace Slough; Engnge8tudy Related to Barrier
Replacement on the Tailrace, and Fish Population CharacterizateimtiNe Drop Structure.
The study area for this investigation specifically includes the following

Natural barriers to upstream fish passage on Lake Creek at RM 1.03 and RM 1.95 (See
Appendix A)
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Snyder Creek culvert under the Project tailrace and upstreahe dhilrace on Forest
Service Road 1260-013

Hall Creek flume crossing (see Appendix B)

Pipeline Road (F.S. Road 1260-066) and Pipeline Road Trail No. 74 culvert crossings,
including Art Lake Creek

Figure 1.2 shows the Project and Project-related featitES Consulting (EESC) reviewed the
Project facilities such as the pipeline and Pipeline Road trrdete if there were streams in
addition to Snyder and the Art Lake creeks to which analysis should apply.

The report on the potential barriers on Lake Creek at RM 1.03 andL.BMis included as
Appendix A

Culvert Locations

Legend
@ Culverts
==: Trailz
Foads B
Project Boundary |

1inch equals 2,000 feet

2.0 STUDY GOALS AND OBJECTIVES

The goal of this study is to identify barriers to fish pasdagm Project facilities such as roads,
trails, pipelines and the tailrace. Objectives of the Packviad@ Hydroelectric Project Fish
Passage Barriers study include:

1. Determine impacts to fish migration and connectivity from Ptdgdilities and operations.
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2. Include in this evaluation all species present and life stHugsare appropriate at the
particular barrier.

3. Scope of this study is to evaluate Project-related barriehsding, but not limited to the
following: roads, trails, pipelines and tailrace.

3.0 METHODS
3.1  Culvert Crossings

Evaluation of culverts for fish passage followed the protocol s#t florWDFW'’s fish passage
guidelines entitled “Washington Department of Fish and WildlifssBge Barrier and Surface
Water Diversion Screening Assessment and Prioritization Man&PPS 2000), and the
“Design of Road Culverts for Fish Passage” (Bates 2003) documentprifiteey purpose of the
former manual was to provide guidance regarding identification awdtation of culverts,
dams, and fishways that impede fish passage. This protocol is vadedpted throughout
Washington and many local, state, and federal agencies and othes gemgoor are currently
utilizing it. The protocol provides a standardized method of datactiolkeacross the state, a
means to prioritize fish barriers for replacement acros®rtiff jurisdictions, and a single
database depository. Anadromous access, the amount of usable hadbitadbitat quality
throughout all reaches, and additional barriers (human-made and nataral)verified via
downstream and upstream checks to provide a higher level of datdermafi When assessing
natural waterfalls for fish passage the protocol recommended iarBawd Orsborn (1985) was
used and in some cases, modified to reflect resident fish leapthgvamming capabilities.
Passage was assessed for all species and life stages present.

The first step at each potential barrier site was to identify the feat@rewvert, fishway, or
dam. When applicable, Energy Northwest obtained additional information for eacle festur
described below.

3.1.1 Fish Bearing Determination

A determination was made at each site as to whether thenastes fish bearing. To make this
assessment, waterways were evaluated to determine if they:

1. Are WDNR-mapped type 1-4 waterways;

2. Have documented presence of fish through visual observation, electrofigiing,
verification by local biologists;
3. Are water courses having ordinary high water widths grehtar 0.60 meters (m) and

gradients less than 20%; or
4, Are listed in “A Catalog of Washington Streams and Salmorzbtiibn” (Phinney and
Bucknell 1975).

If none of the above criteria were met, the waterway was assessed ashnoeafing. If any of
these criteria were met, but fish presence was questionable, then theayataswevaluated as
unknown for fish presence. Using the WDFW criteria, fish presence at eachsigalzated

aspotentialpresence, if the habitat above were made accessible. The barrier assessmot




Draft Report Fish Passage Barrier Study réggnBlorthwest Packwood Lake Hydroelectric Project
November, 2006 FERC No. 2244

necessarily intended to identify whether or not fish are currently usirgath&at. If some of
these criteria are met, the investigators proceeded with additional gatests to determine if
fish were present below the existing barrier.

DNR has changed the statewide water typing system from the original Ty})8g & 5 streams
to Types S, F, Np & Ns streams. Effective March 1, 2006 DNR implemented the improved
maps statewide. Water typing can be checked on the Forest Practicestdgppind Review
System (FPARS). See Table 3.1 for WDNR stream classifications.

Table 3.1
WDNR Water Type Classification Conversion Table

Permanent Water Typing Interim Water Typing
Type “S” — Shorelines Type 1 Water
Type “F” — Fish-bearing Type 2 and 3 Water
Type “Np” — Non-Fish Perennial Type 4 Water
Type “Ns” — Non Fish Seasonal Type 5 Water
Type “U” — Unknown

The new classification guide (dated September 29, 2005) on the DNRitee indicates that
waters without fish are labeled simply “N” (non-fish habitadatined in WAC 222-16-030(3)
and (4). The maps on WDNR’s web site for the waters in questi@hthisedesignation; these
maps were utilized by EES Consulting for determining fish presence.

Seehttp://www3.wadnr.gov/dnrapp5/website/fpars/viewer.fidmfurther details. The following
definitions of stream type are provided by WDNRNMAC 222-16-031

“Type 1 Water” means all waters, within their ordinary high-water mark, asniored
as “shorelines of the state” under chapter 90.58 RCW and the ruleslgated pursuant
to chapter 90.58 RCW, but not including those waters’ associatechd&ta defined in
chapter 90.58 RCW.

“Type 2 Water” means segments of natural waters which are not classifi€gipas1
Water and have a high fish, wildlife, or human use. These are segofenatural waters
and periodically inundated areas of their associated wetlands, which:

(a) Are diverted for domestic use by more than 100 residenteamping units or by
a public accommodation facility licensed to serve more than 10@mere/here such
diversion is determined by the department to be a valid appropriativatef and

only considered Type 2 Water upstream from the point of such dimeiidl,500

feet or until the drainage area is reduced by 50 percent, whichever is less;

(b) Are diverted for use by federal, state, tribal or private fish bath Such waters
shall be considered Type 2 Water upstream from the point of divemsidrb00 feet,
including tributaries if highly significant for protection of dowmestm water quality.
The department may allow additional harvest beyond the requirerokfitgpe 2
Water designation provided by the Department of Fish and WildliépaBment of
Ecology, the affected tribes and interested parties that:
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(i) The management practices proposed by the landowner will agggpattect
water quality for the fish hatchery; and

(i) Such additional harvest meets the requirements of the \ygite designation
that would apply in the absence of the hatchery;

(c) Are within a federal, state, local or private campgroundngawmore than 30
camping units: Provided, that the water shall not be considered taaerdgempground
until it reaches the boundary of the park lands available for puldicand comes
within 100 feet of a camping unit.

(d) Are used by fish for spawning, rearing or migration. Véabawing the following
characteristics are presumed to have highly significant fish populations:

(i) Stream segments having a defined channel 20 feet or gredhen the
bankfull width and having a gradient of less than 4 percent.

(i) Lakes, ponds, or impoundments having a surface area okloagreater at
seasonal low water; or

(e) Are used by fish for off-channel habitat. These areascatieal to the
maintenance of optimum survival of fish. This habitat shall be identified based on the
following criteria:

() The site must be connected to a fish bearing stream anccbsséle during
some period of the year; and

(i) The off-channel water must be accessible to fish through a draivitige
less than a 5% gradient.

“Type 3 Water” means segments of natural waters which are not classifiegbasl or
2 Waters and have a moderate to slight fish, wildlife, and hunsan urhese are
segments of natural waters and periodically inundated arehsipfssociated wetlands
which:

(a) Are diverted for domestic use by more than 10 residential or camping@ubitsa
public accommodation facility licensed to serve more than 10 perstese vsuch
diversion is determined by the department to be a valid appropriatwater and the
only practical water source for such users. Such waters lshalbnsidered to be
Type 3 Water upstream from the point of such diversion for 1,500 featt the
drainage area is reduced by 50 percent, whichever is less;

(b) Are used by fish for spawning, rearing or migration. Téguirements for
determining fish use are described in the board manual section fi$h use has not
been determined:
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(i) Waters having the following characteristics are presumed to relvede:
(A) Stream segments having a defined channel of 2 feet oegethin
the bankfull width in Western Washington; or 3 feet or greater inhvirdt
Eastern Washington; and having a gradient of 16 percent or less.
(B) Stream segments having a defined channel or 2 feet ategmithin
the bankfull width in Western Washington; or 3 feet or greater nvitine
bankfull width in Eastern Washington, and having a gradient greater than
16 percent and less than or equal to 20 percent, and having greater than 50
acres in contributing basin size in Western Washington or grtéaierl 75
acres contributing basin size in Eastern Washington, based on
hydrographic boundaries;
(C) Ponds or impoundments having a surface area of less than 1 acre a
seasonal low water and having an outlet to a fish stream;
(D) Ponds of impoundments having a surface area greater tharr® &t ac
seasonal low water.

(i) The department shall waive or modify the characterisitcsi) of this
subsection where:
(A) Waters have confirmed, long term, naturally occurring weteality
parameters incapable of supporting fish;
(B) Snowmelt streams have short flow cycles that do not support
successful life history phases of fish. These streams tiypitave no
flow in the winter months and discontinue flow by June 1; or
(C) Sufficient information about a geomorphic region is available to
support a departure from the characteristics in (i) of this stibae as
determined in consultation with the department of fish and wildlife,
department of ecology, affected tribes and interested parties.

“Type 4 Water” means all segments of natural waters within the bankfull wadth
defined channels that are perennial nonfish habitat streamsinReitreams are waters
that do not go dry any time of a year of normal rainfall. Ewev, for the purpose of
water typing, Type 4 Waters include the intermittent dry portions of the perehaimel
below the uppermost point of perennial flow. If the uppermost point ohpiateflow
cannot be identified with simple, nontechnical observations (see boamgamaection
23), then Type 4 Waters begin at a point along the channel wheterttiduting basin
area is:

(a) At least 13 acres in the Western Washington coastal zdneh(worresponds to

the Sitka spruce zone defined in Franklin and Dyrness, 1973);

(b) At least 52 acres in other locations in Western Washington;

(c) At least 300 acres in Eastern Washington.

“Type 5 Waters” means all segments of natural waters within the bankfull widtheof
defined channels that are not Type 1, 2, 3, or 4 Waters. Theseagmnale nonfish
habitat streams in which surface flow is not present foraat lsome portion of the year
and are not located downstream from any stream reaclstaafype 4 Water. Type 5 or
4 \Waters.
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Note: Phinney and Bucknell (1975) is a catalog of Washington State stneams volumes.
Those volumes encompass both the Washington Coastal and Puget Sound regions. These
volumes do not address the Cowlitz River drainage.

3.1.2 Fish Passage Determination

Within the TAPPS manual protocol, there are three categorieisforpassability: passable,
impassable, or unknown. The protocol has been designed to assess falilifyags all
juvenile through adult salmonid life stages. Partial barriene wated as a percentile of the
degree of passability (0%, 33%, 67%, 100%); impassable status doebvags &ndicate a
barrier to all fish species or life stages.

A Level A analysis was completed for initial barrier deteation of culverts, and if barrier
status was not able to be determined at this level, a LevebBsis was initiated (see Level A
and B analysis flow charts, Figures 3.1 and 3.2, below). Based orette¢ B analysis, the
barrier status of a culvert is unknown if there is a grade bwihin the culvert, a downstream
control point is inaccessible, or the culvert is submerged. The deanstcontrol is typically
the head of the first riffle downstream of the culvert, wheeasanrements must be taken for the
Level B analysis. If there is a wetland or large pond dowestref the culvert, then the
downstream control is inaccessible. Since the streams in quasgioot used by chum salmon,
and if the water level difference up and downstream of the dgneager than 0.30 m, then the
dam is a barrier.

Surveying was used to obtain the culvert length and slope andth@l measurements.
Photographs were taken and site locations recorded using a GPS receiveb|d. fédb&PS was

not feasible, the location was marked on 7.5 minute quad maps anoc#tiern determined
through GIS or another appropriate model.

3.1.3 Stream Simulation Determination

A discrepancy exists between the TAPPS manual protocol deteionioéta fish barrier and the
WDFW stream simulation design for installing fish passable dslveln order to address this
discrepancy (explained in the next paragraph) and in addition to #asumnements taken
following the TAPPS manual protocol, measurements were also fakehe WDFW stream
simulation model on culverts that satisfied certain requiremeets Figure 3.3). The stream
simulation model is “a design method used to create or mainthirahatream processes in a
culvert. Stream simulation is based on the principle that, ifcBshmigrate through the natural
channel, they can also migrate through a man-made channel thatesrihle stream channel”
(Bates 2003).

According to the TAPPS manual protocol, a culvert is considereclgast it has streambed
material throughout, and the ratio of the diameter of the culvehtet toe width of the stream is
75% or greater. However, a culvert that is determined passalie BYAPPS manual protocol
may not meet the specifications required of the WDFW streamalaiion design criteria. To
determine whether an existing culvert meets the streamatiomulriteria, the bankfull channel
width and the slope of the streambed are measured in comparisoth&vitxisting culvert

diameter and slope. The culvert bed diameter should be 1.2 times thallbamiinel width,
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plus 2 feet; and the slope ratio of the stream to the culvert sheutd greater than 1.25 (see

Figure 3-3).
BARRIER ANALYSIS —LEVEL A
Collect the
Information
in Table 3a
Is there
Natural Streambed Yes
Material Throughout ~~
the Culvert?
Is the Culvert
Yes — Is the Outfall Drop Width at Least 75% >— Yes
>0.24 Meters?
of the Streambe
Toe Width?
Passabl
No
Stream
Simulation
Model
Is the Culvert No
Yes —  Slope Greater Than o
Equal to 1 Perceny~
Level B Analysis
No Required, Co'IIect
the Information
in Table 3b
Figure 3.1

Level A Culvert Analysis

10
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BARRIER ANALYSIS - LEVEL B

Level B
Applicability:

Is there a grade break in the
culvert? Is the culvert
tidally influenced? Is the

Any
Yes

4,[

Barrier Status is
Unknown

downstream control

Collect the information in Table 3b

\ 4
Calculate the High Fish Passage Design Floy

\ 4

Calculate the Depth and Velocity using
Manning’s Equation

Does the
Calculated Depth and
Velocity meet the Criteria

— Yes 4{

The culvert
is Passable

for Trout in WAC 220-
110-070?

lNo

Do a Backwater Analysis

Is the Culvert
Backwatered to the
Upstream End of the

N04>[

The Culvert
is a Barrier

Culvert?

Does the
Calculated Depth and

Velocity at the Upstream
End of the Culvert meet the
Criteria for Trout in WAC

The Culvert
is a Barrier

L.

Yes —>[

The Culvert is
Passable

220-110-0707?

Figure 3.2
Level B Culvert Analysis

11
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Stream Simulation Mode/No Slope Model
Does Wch = Does Wcb = Does Not
1.2Wch + 2 feet? No 1.25 X Wch? No Meet No
Slope Criteria
Yes Yes
Is Slope Ratio s S| f Does Not
1.25? S SIope 0 No Meet No
Culvert 0% o
Sculv= Slope Slope Criteria
No —— Sch Ratio
Yes
Does Not Yes
Meet Stream
Simulation
Criteria
Satisfies No
Passes Stream Slope Criteria
Simulation
Criteria
Model for Stream Simulation Criteria/No Slope Assasnt
Abbreviations:
Sculv = Slope of culvert
Sch = Slope of Channel
Wcb = Width of culvert bed
Wch = Width of backfull channel

Figure 3.3
Stream Simulation Model/No Slope Model

12
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3.1.4 Habitat Assessment

If a culvert was determined to be a fish passage barrieshirbgaring waters within the Project
boundaries, EES Consulting performed a physical habitat assedsneitritize the barrier if
the culvert needed to be modified for passage.

As stated in the study plan, the physical habitat assessmenifiggahe amount of spawning
and rearing habitat available to each salmonid species present or presunoed &b the site. A
priority index (PI) rating would then be generated for each batiieugh a Priority Index
Model created by WDFW. The PI is based on cost, species tibiizand habitat gain. The
habitat gain was determined by measuring gradient, strearadwettd ordinary high water
widths, substrate composition, riffle-to-pool-to-rapid ratios, juvenilendaoce, canopy cover,
instream cover, flow, temperature, and spring water influence. In order tyideatproductive
capability of the stream for the Pl Model, Habitat Quality Miedd (HQM) were assigned to
each reach within the survey (Table 3.2). The HQM rating is asedmultiplier of the habitat
area to obtain H in the Pl model (H= habitat quality modifiakitat in square meters). Table
3.1 summarizes the criteria for rearing and spawning habitat.

As further stated in the study plan, culverts identified as camplarriers to fish migration in
fish-bearing waters were to be surveyed using the full pHysicaey methodology. Habitat
measurements were to be taken on 30 m sections of 160 m sectimn®ift stream length was
less than 1.6 km or on 60 m sections of 320 m sections if the ta@@stength was greater than
1.6 km. It would not be necessary for the purpose of this studyftorpean assessment of the
downstream channel to determine if there were any fish pabksagers present for any of the
crossings on the Pipeline Road (F.S. Road 1260-066). A hip chain and \&$exdee to be
used to measure total distance and to obtain stream gradiemigeeadNone of the culverts
surveyed, including the Snyder Creek crossing of the tailrace awamsnplete barrier to fish
migration in fish-bearing waters; therefore this methodology was not used.
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Table 3.2
Criteria Used to Assign Habitat Quality Modifiets@QM) to Rearing and Spawning Habitat
. " HQM , . . : : L
Habitat Condition Value Rearing Habitat Criteria Spawning Habitat Criteria
Rearing habitat is stable and in|aSpawning gravel patches have 6% fine
Good to Excellent | 1 normal productive state with all| particle sizes that are < 0.85mm in

components functional diameter
Rearing habitat shows
moderate/widespread signs of
instability and/or disturbance
Fair 2/3 known to reduce productive
capability (one or more habitat
components missing or
significantly reduced presence)
Rearing habitat shows signs of
major/widespread disturbance
likely to cause major reductions
Poor 1/3 in its production capabilities
(two or more habitat componen|
missing or severely reduced
presence)

Rearing habitat severely
disturbed so that production Spawning gravel patches with > 26% fing
capabilities are without value tg particle sizes < 0.85mm in diameter
salmonids at this time

Sources: USFWS 2005 and USDA Forest Service 2005

Spawning gravel patches/riffles show
moderate/widespread signs of instability,
(scourf/filling) and/or > 16% and 21%

fine particle sizes < 0.85mm in diameter

Spawning gravel patches/riffles show

major/widespread signs of instability

téscour/filling) and/or > 21% and 26%
ine particle sizes < 0.85mm in diameter

No Value 0

3.2 Natural Barriers on Lake Creek

EES Consulting surveyed the falls/chute complex at RM 1.03 at seygsrate flows in 2004.

Lake Creek flows are provided by the Packwood Lake HydroetePunoject plus additional

accretion from tributaries downstream. Measurements weee tkthe barrier at base, middle,
and high calibration flows for the Lake Creek instream flow study.

In 2005, analyses were performed on an additional bedrock waterfall cormipRM 1.95.
Release flows 3.5 cfs, 17 cfs and 35 cfs were analyzed (sithoNes as released for the 2004
instream flow study).

Energy Northwest spilled flows of 130 cfs and 300 cfs in the sprir2)@8; these releases were
analyzed at both of the falls/chute complex and the barrier at RM 1.95.

The methods for the barrier analysis generally followed ther@ideveloped by Powers and

Orsborn (1985); some of the methods have been updated since publication cdptirat
Detailed methods for the barrier analysis are provided in Appendix A.
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3.3 Hall Creek

The Hall Creek flume was analyzed to determine if it impesigd fish passage in 2004. EES
Consulting surveyed the cross sectional profile of Hall Creekroedéh the flume. Further
details of the methods used can be found in Appendix B.

3.4 Principal Investigator
Principal Investigator: John Blum, EES Consulting

John Blum has a Master of Science in Fisheries, a Bachelor of Science in EnutarBiaogy
and a Bachelor of Science in Business, specializing in BusMasagement. Mr. Blum has
over 25 years experience as a fisheries biologist and consultastream flow analysis, habitat
assessment, ESA studies, fisheries research, enhancement, nearagester resources and
endangered species assessment, FERC regulatory licensingliaedsing studies, and expert
witness testimony. In his role as a senior fisheries bidlagsg consultant, Mr. Blum has
successfully managed over 50 fisheries and aquatic resources aspassments in the Pacific
and Inland Northwest, including many on the mid Columbia River.

Mr. Blum has conducted numerous fisheries and instream flow stunl@sghout the Pacific
Northwest, including the Columbia River System in Washington, Oredahpland Montana.
He is extensively trained and certified in the Instream Hilowemental Methodology and has
been recently certified in 2-dimensional instream flow modelikig. is Principal Scientist for
the Box Canyon Dam Relicensing, and was principal scientisthiorBoox Canyon License
Amendment and Sullivan Creek License Amendment for Pend OreillécRitility District in
Pend Oreille County, WA. He was also Project Manager focemding studies for Chelan
County Public Utility District on the Lake Chelan and Rocky Rddgtroelectric Projects. He
has been principal investigator on fisheries inventory and instrieamstudies throughout the
Northwest, including in British Columbia and Alaska, and has co-aedhtite Historic and
Current Resources of the Clark Fork River, and for fisheries tigaéi®ns on the Bear River
relicensing projects for PacifiCorp. He recently completedA@satic Lead and Principal
Scientist, fisheries investigations for PG&E’s Haas Kingalidelectric Project in California.
He is also currently working with PGE on its Clackamas RRelicensing Project, and was
Principal Scientist for the Aquatics portion of the Cedar Credkeresing and Biological
Assessment.

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

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

Mr. Warnock has more than six years of experience as a fisheidogist, leading and
participating in numerous fisheries studies including fish populationitoring, instream flow
analysis, habitat analysis and assessment, genetic sangiitnginment studies and habitat
restoration. His duties have included project implementation, logiistnd technical planning,
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field investigations and report writing. He has managed projadt¢ead crews in all aspects of
various fisheries studies and instream flow investigations. Cllemte ranged from owners of
hydroelectric facilities and timber companies to state and federatiagen

He is adept in many aspects of field collection and analysieelaged to various types of
fisheries monitoring, sampling, IFIM and habitat restoration. Mrridk is currently playing
an integral role in all environmental components of relicensiraytefby EES Consulting at Box
Canyon Dam for Pend Oreille PUD and the Packwood Lake Hydrael&sject for Energy
Northwest. Both projects require extensive monitoring of the anadanml resident species
present as well as the quality of their habitat. Other workin@dsded habitat mapping, fish
passage and connectivity issues, anadromous barrier analysis, rgpawnieys, juvenile and
adult snorkeling work, genetic sampling and entrainment studies fiousasalmonid species at
all life stages. He has played an integral role in many I§tudies from analyzing various
reaches for quality habitat and identifying potential trangectarrying out flow measurements,
substrate analysis and surveying. He has participated andlléacktd of these studies from the
logistics and preparation phases to the data analysis, report writing anttaubmi

Brian Johnson, EES Consulting, Inc. Field Biologist

Mr. Brian Johnson, biologist, has strong background in spawner surveys, saodkscuba
surveys, radio-telemetry, instream flow assessment, habite¢ysuradult passage and water
guality assessment.

Mr. Johnson presently is the field lead for spawner surveys fagimorthwest’s Packwood
Lake Hydroelectric Project re-licensing, led by EES Comsgltinc. He both conducts and
handles the field logistics of survey crews covering the Cowlitz RiNat,Creek, Snyder Creek,
and Lake Creek. He is skilled at species and redd identification, biologicalesestipttion.

Mr. Johnson has extensive fisheries field experience in north-cévashington. He took part
in aquatic habitat, plants, creel, recreation, sturgeon, mollusks, salpaeming and snorkel
surveys related to operations of the Rocky Reach Dam. He condabtexh&l snorkel surveys,
creel surveys, spawner surveys and redd mapping in the Stehekim tRevenajor tributary to
Lake Chelan. He served as part of the field crew conducting instreararitbWwabitat suitability
analyses in the Wenatchee River watershed. His experienceledctollection of physical
habitat and hydrologic information, habitat surveys, and habitat ditytadata. The work took
place in the mainstem Wenatchee River, Peshastin Creek, and wen@hRiver and tributaries
including Phelps and Rock Creek. He has done additional fisherldswiegk throughout
Washington State, Oregon, and California over the past 15 years.

Nic Truscott, EES Consulting Inc. Field Biologist

Mr. Truscott has two years of experience as a field bioldgistEES Consulting. He has
participated in all field aspects of instream flow studies omymdrainages including the
Spokane and Skagit River systems. Mr. Truscott has played amalntelg in many of the
fisheries and water quality investigations for Energy Norttiweelicensing efforts. Studies
have included anadromous and resident salmonid spawning surveys, fish populationesgsess
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habitat and barrier analysis and lake and stream wateryguiaigstigations. He has participated
in a variety of studies in Washington and Oregon dealing with feshamnd water quality issues
as they pertain to anadromous and resident salmonids. Currentlysudeoft is working on a 5
year analysis of spawning Chinook population in the Methow and Okanogan river basins.

John Monahan, EES Consulting, Inc. Field Biologist

Mr. Monahan has worked on watershed, water resource, water quality, instrearfisfidvabitat
and fisheries management issues for over 15 years. His duties heaueled project
management, study design and implementation, aquatic resourasnasse and modeling,
statistical analysis, plan development and implementation, instié@awiwater resource
management program development, document preparation, expert witsi@s®rig, public
participation, stakeholder and interest group involvement and faoiitat Through these
experiences, Mr. Monahan has developed the ability to address coteghemcal issues in a
scientifically rigorous manner, while building and maintaining stnagking relationships with
diverse groups of interests to resolve the complex natural resource is®eebyfaur clients.

40 RESULTS

Detailed results of the culvert barrier analysis are providethis section. A summary of
findings for the natural barrier analysis on Lake Creek and the Hall Guee& €rossing are also
provided. Detailed analysis of the Lake Creek natural bamigisthe Hall Creek flume can be
found in Appendices A and B.

4.1  Culvert Analysis

4.1.1 Fish Bearing Determination

Table 4.1 summarizes the criteria established under Section 3.1.1 for the culaec

Table 4.1
Fish bearing Determination for Culvert Analysis
DNR Fish Wetted Width Listed in
Culvert Stream Typg Presence <.6m; Gradient Phinney and
<20% Bucknell (1975)
Snyder Rd Culvert on Pipeline Road Np/4] No No N/A
0.95 Mile Behind Pipeline Road Gate Ns/5 NoO No N/A
Pipeline Rd Trail No. 74 Culverts Ns/5 No No N/A
Art Lake Creek Culvert Ns/4 No No N/A
Snyder Cr. Above Powerhouse F/3 Yes Yes N/A
Snyder Cr. at Tailrace F/3 Yes Yes N/A

Using the criteria provided in Section 3.1.1, the culverts on the Snyder Road ailée9beahind
the Pipeline Road Gate and the Pipeline Road Trail No. 74 culwedtd not qualify for
determination of passage due to lack of fish presence, high graalenthe seasonal nature of
flows at these culverts. The culvert at Art Lake Creek andStngler Road Culvert at the
Powerhouse and the Snyder Creek Crossing at the tailrace wdtndhnér analysis.
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Field measurements taken for all these culverts are provided in Tables 4.1a through 4.1d.

Based upon the field measurements, the culverts evaluated onp#imdé’iRoad (F.S. Road
1260-066) and Pipeline Road Trail No. 74 were determined to be barhiewever, the
crossings on this road cut extremely high gradient slopes and ffoti®se culverts were not
perennial (e.g., Type Ns or 5). With the exception of the Snycesk(Road (F.S. Road 1260)
culvert at the Pipeline Road (F.S. Road 1260-066) gate, all gradiettsampf the culverts
exceeded 100%; gradients of all slopes immediately downstredine aulverts approached or
exceeded 50%. All water courses below the culverts were dryhanel were no fish present
either upstream or downstream of the culverts.

No additional analyses were performed on any of the Pipeline RdadRBad 1260-066) and
Pipeline Road Trail No. 74 crossings due to the steep gradiehtsfliow and absence of fish-
bearing waters.

4.1.2 Snyder (F.S. Road 1260) Road Culvert at Pipeline (F.S. Road 1260-066) Road Gate

A round, corrugated steel culvert measuring 2 feet in diametsrsurveyed on July 27, 2006
(Table 4.1a; Photos 4.1 — 4.4). The overall length of the culvert was 191wdthfa slope of
22.95%. Approximately 0.5 inches of water was present inside thertchivteno plunge pool
was present downstream of the culvert. The gradient of the slope thelaulvert was 46.3%,
and the streambed was dry. This ephemeral stream was siaateel upper headwaters of
another ephemeral stream; therefore no fish were present idrémsage or stream to which it
was tributary. The lack of perennial flow and the absence ofnieske a full barrier analysis
unnecessary. Had streamflow been perennial, outfall drop would havéiedethis culvert as a
barrier.

4.1.3 Culvert 0.95 Miles Up Pipeline Road (F.S. Road 1260-066)

A round, corrugated steel culvert measuring 1.5 ft in diametersweveyed on July 26, 2006
(Table 4.1a; Photos 4.5 - 4.7). The overall length of the culvert wasegf.arfd had a slope of
4.76%. There was a 4 ft drop from the culvert outfall to the plungelgoW. There was no
water flowing through the culvert at the time of the surveyeriittent flow and high stream
gradient made a full barrier analysis unnecessary. Graabent the culvert exceeded 100%; as
measured below the culvert, the gradient was 51% and the stiamalsedry. The lack of
perennial flow, high gradient above and below the culvert, and the absiefisie make a true
barrier analysis unnecessary. Had streamflow been perennialdrpwatfall drop would have
identified this culvert as a barrier.

4.1.4 Series of Pipeline Road Trail No. 74 Culverts

A series of four Pipeline Road Trail culverts (two round culvand two arch culverts) were
surveyed in August 2005 (Table 4.1b; Photos 4.8 and 4.9). All were cadustael with one
round culvert having a diameter of 2.0 ft and the other three spannifepfilforizontally. The
two arch culverts were 9.07 ft and 8.84 ft in length, while the round culverts redasar 58 ft.
One of the round culverts had flowing water approximately 1.5 in desigee with an outfall
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drop of approximately 3.0 ft, making this culvert a barrier. Gradieithe areas immediately
upstream and downstream of the culverts, however, exceeded 100% and<sp@¥tjwely, and
the streambed below the culverts was dry. The lack of pererowagltiigh gradients above and
below the culvert, and the absence of fish make a barrier analysis unnecessary

4.1.5 Art Lake Creek Culvert (Pipeline Road Trail No. 74)

This arch culvert made of corrugated steel spanning 1.5 ft horigoatel 11 inches vertically,
was surveyed on August 31, 2005 (Table 4.1c; Photos 4.10 and 4.11). The ovgtlalbfehe
culvert was 9.93 ft and had a slope of 10.51 percent. The culvert wasdityad a drop of
2.4 feet to the plunge pool below. Gradient of the areas immeadigistream and downstream
of the culvert, however, exceeded 100% and 56%, respectively, anttedhmlsed below the
culverts was dry. The lack of perennial flow, high gradient abovéeladv the culvert, and the
absence of fish make a full barrier analysis unnecessary.

4.1.6 Snyder Creek Culvert (Forest Service Road 1260-013)

A round, corrugated steel culvert measuring 6 ft 4 inches in tikanweas surveyed on
September 11, 2005 (Table 4.1c; Photos 4.12 and 4.13). This culvert is on Eorest Boad
1260-013, with the upstream end approximately 1900 ft above the tailrheetot@l length of
the culvert was 67.9 ft with an outfall drop of 2.87 ft. Water deptlléntsie culvert was 0.23 ft
with no measurable flow. This culvert was determined to be aebamimarily because of the
outfall drop. This culvert is located outside the Project boundary amut sssociated with any
Project feature; however, it was analyzed since it wasetiteiie which segregated anadromous
from resident fish populations.

Both cutthroat trout (juvenile life stage) and coho salmon (feydiage) were found below this
culvert; cutthroat trout were found above this culvert. There isal sascade approximately
100 ft below the culvert, but EES Consulting does not believe thatabtsade would prevent
adult coho salmon from reaching this culvert at all flows. EES @omg, therefore, believes
that the culvert acts as an upstream barrier to coho salmon. dautttout found above the
barrier are thought to have originated from Snyder Lake, located upstrelaim aflvert. A falls
in excess of 70 ft in height exists approximately 4000 ft above the tailrace (Phé)o 4

4.1.7 Snyder Creek Crossing at Tailrace

A report for the Snyder Creek crossing under the tailracgovemkiced in 2005 documenting the
physical layout of the Snyder Creek culvert (EES Consulting 289%art of the Hall Creek and
Snyder Creek Fish Passage Investigation (Appendix B). This qyossia Project feature.
Additional analysis is provided in Table 4.1d to evaluate passability of the culvert.

The Snyder Creek crossing was further evaluated in 2006 and foundpassable to adult
salmonids. Coho salmon fry, as well as juvenile cutthroat troug feand in the reach above
this Project feature. This feature, however, is in need ofirrepaeplacement, because the
culvert is nearly full of gravel and cobble that has washed dowamstfeom Snyder Creek.
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Although the percent passability of this feature is not known wittaiogy, it is estimated to be
at 67% due to the presence of anadromous salmonid fry above the drain (see Table 4.1d).

Coho salmon fry were found upstream from the Snyder Creek crassatgput 1500 ft above
the tailrace (approximately 100 ft below the Snyder Creek duhtd-orest Service Road 1260-
013 - see Section 4.5), indicating at least partial passage obarady salmonids. Cutthroat
trout juveniles were also found in this reach. Please also see Appendix B fordeittiks:

4.2  Lake Creek Anadromous Barrier Surveys

Result of the Lake Creek anadromous barrier surveys (at RM 1.03.9%dcan be found in
Appendix A. The barrier at RM 1.03 is a chute/falls complex, and would be classifiethate a

The barrier at RM 1.95 consists of falls of approximately 2% fheight coupled with a high
gradient chute. The results are dependent upon the condition of theafistould enter Lake
Creek prior to spawning. Pat Powers (personal communication withBlohm September 20,
2006) indicates that under most circumstances, a condition factanf(C£)O0 is used to analyze
barriers; this indicates fish in excellent condition that aighlirfresh out of salt water or still a
long distance from spawning grounds; spawning colors not yet developedevétow certain

situations, such as when fish are trapped and then trucked upstreanwitp gpgause of a
condition factor of 0.5 (Poor: in the river for a long time; full speng colors developed and
fully mature; very close to spawning grounds) may be applicable.

If Cf 1.001s used, the chute at RM 1.03 could be negotiated at certain flostedihead; if a Cf
050 IS used, this chute is a barrier to all anadromous speciesrthdteing trucked above the
Cowlitz projects. The falls/chute complex at RM 1.95 is a &ato all anadromous species
being trapped and hauled up the Cowlitz River, regardless of condition factor.

4.3 Hall Creek Fish Passage

The Hall Creek flume was analyzed to determine if it impesiigld fish passage in 2004. EES
Consulting surveyed the cross sectional profile of Hall Creek underneathrtres fl

Hall Creek is passable at all flows. The area that Bedek drains is extremely low gradient.
Hall Creek tends to inundate a wide area laterally. Howedall Creek does have a main
channel and its thalweg, where it crosses under the tailtaoe,fiwas over 3.0 ft in depth. With

a cross-sectional area of 106, fthe opening under Hall Creek can easily accommodate fish
passage at much higher flows without creating any velocityiebarto fish under these
conditions. Further details can be provided in Appendix B.
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Table 4.1 a

Barrier Analysis for Snyder Creek Road (Forest BeriRoad 1260) Culvert at Pipeline Road Gate apélifie Road (Forest Servic
Road 1260-066) at Mile 0.95

Attribute Description Barrier

Snyder Rd 0.95 miles behind

Culvert on S
Pipeline Road Pipeline Rd Gate

Identifies individual culverts at multiple culverstream
crossings. Format X.Y, where X= specific culveamber and
Y = total number of culverts in crossing. For exdemat a triple
culvert crossing the first pipe would be 1.3, tkemd 2.3 ang
the third 3.3. Used in conjunction with the Site i® create 4
unique record ID.

Sequencer

Field Review Last names of individuals responsible for collegtiield data on
Crew culverts. Separate names with /.

Field Review Date| Date of the field review. MM/DDYYY format. 07/27/2006 07/26/2006
Specify the shape of the culvert using one of dlieving

Shape codes:RND = round,BOX = rectangularARCH = bottomless RND RND
arch,SQSH= squash (pipe archELL = ellipse,OTH = other.

Blum/Johnson Blum/Johnson

Specify the material of which the culvert is consted using
one of the following codesPCC = precast concret€PC =

cast in place concret€ST = corrugated steeBST= smooth
steel,CAL = corrugated aluminun§PS= structural plate steel,
SPA = structural plate aluminun®VC= plastic, TMB = timber,
MRY = masonryOTH = other.

Material CST CST

The horizontal dimension of the culvert. Expresisecheters to
Span the nearest 0.01. Used in conjunction with Averaggeambed 0.61 0.46
Width to calculate Culvert Span to Streambed WRighio.

The vertical dimension of the culvert. Expressecheters to the
Rise nearest 0.01. For round culverts this value véltihe same as 0.61 0.46
the span.
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Table 4.1 a (cont'd)

Barrier Analysis for Snyder Creek Road (Forest BeriRoad 1260) Culvert at Pipeline Road Gate apélifie Road (Forest Servic
Road 1260-066) at Mile 0.95

Depth of water inside the culvert, measured atithenstream

Water Depth

. end away from the influence of outlet conditiongpEessed in 0.01 0
Inside Culvert
meters to the nearest 0.01.
Ouitfall Drop Distance from the water surface at tfoevnstream end of the 0.61 1.22

culvert to the water surface of the plunge podlthé stream ig
dry, the outfall drop is the difference between tlwavnstream
invert elevation and the elevation of the plungelpoontrol.
Expressed in meters to the nearest 0.01.

Length The length of the culvert measured to tharewt 0.1 meters. 58.49 26.83
Include aprons if present.
Culvert Slope Slope of the culvert, reported inceet €.9.4.3). May be 3 22.95 4.76

positive or negative number. May be shot direeatith laser or
derived from invert elevations and culvert len@lope readings
taken with a clinometer are not acceptable.

Streambed Specifies the presence of streambed matdhedughout the No No
Material in Culvert| length of the culvert. Values are: yes or no.
Water Velocity Field estimate of water velocity through the cutiarmeters pef 0.30 0.00
Inside Culvert second. Use flow meter or 3 chip method. Inforamat
Optional.
Apron Indicates presence and location of an apidalues are:none, None None
upstream, downstream, both(both ends).
Tidegate Indicates presence of a tidegate. Valtesyesor no. No No
Fill Depth Depth of road fill over culvert. Measukto the nearest meter. 7 m @ base 1
Plunge Pool Distance from the outlet of the culvert to the detmeam N/A N/A
Length control. Measured in meters to the nearest 0.01.
Plunge Pool Maximum depth of plunge pool. Expressed in meterdhe N/A N/A

Maximum Depth | nearest 0.01. Informational.
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Table 4.1 a (cont'd)

Barrier Analysis for Snyder Creek Road (Forest BeriRoad 1260) Culvert at Pipeline Road Gate apélitie Road (Forest Servic

Plunge Pool OHW
Width

Road 1260-066) at Mile 0.95
Width of the plunge pool at its widest point meashrat
Ordinary High Water. Expressed in meters to tharest 0.1,
Informational.

Average The average width of the streambed (toe width). asdeed at 0.30 <0.30
Streambed Width | the second riffle downstream of the culvert. Usedonjunction

with the culvert span to calculate Culvert SpanStoeambed

Width Ratio.
Culvert Span to The ratio of culvert width (span or diameter) toeambed (toe 2 15
Streambed Width | width. Derived by dividing culvert span by averagjeeambed
Ratio width. Expressed as a decimal fraction.
Maintenance Indicates if culvert is in need of maintenance,id/antries No Yes/Om
Required include: no = no maintenance needegles = maintenance

needed to improve fish passage (culvert not adrastherwise),

yes/om= maintenance needed, fish passage not an issue.
Recheck Need/reason to revisit the site. Fieldieslare not rigid but No No

please use the following for consistency. Maximoomber of
characters is 10. Use the comment field if neagss@nce the
recheck has been done, the field value needs todgted tono

and comments cleared to avoid future confusiono = no

neededGPS = gps positionphoto = photo, pass HF= evaluate
passability at high flow,pass LF = evaluate passability at lo
flow, LB = Level B data required.
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Table 4.1 a (cont'd)

Barrier Analysis for Snyder Creek Road (Forest BeriRoad 1260) Culvert at Pipeline Road Gate apélitie Road (Forest Servic

Barrier

Road 1260-066) at Mile 0.95
Results of fish passage evaluation. Vaaresyes= culvert is a
barrier,no = culvert is not a barriegnknown = culvert beyond
Level B analysis. If the stream is non-fish begrthe field is
left blank.

Passability

Percent passability based on field srprofessional judgmen
Values are 0, 33, 67, 100. This value is usedhénRl model tg
derive B (proportion of fish passage improvemeritjake sure
values in the Passability and Barrier fields arastgient. If the
stream is non-fish bearing the field is left blank-or non
WDFW crews the passability is assumed to be 0.38sarthe
individuals making the assessments have an advaegetl of
expertise.

Problem

Factor that determined barrier status. lidpponly to barrier
culverts. Entries includeutfall drop, slope, velocity, and
depth. Enter outfall drop if the measured outfall drgp>0.24
meters or enter slope if the slope is >1% (LeveRralysis).
The results of the hydraulic analysis (Level B)lwiidicate
either water depth or velocity. Enter all that lgppeparate eac
wintry with a /.

Outfall Drop/
Slope/
Intermittent Flow

=

Outfall Drop/Slope/
Intermittent Flow

Repair Status

Indicates the need for barrier regdathe culvert is not a barrie
enterOK. If there is insufficient habitat gain to warraepair
(see Threshold Determination, Section 3.3) theyewwuld be
NG (no gain). If sufficient habitat is present enR (repair
required). If the barrier has been fixed er&r (fixed). If the
fix involves conversion to a fishway ent&X/FW. If a
threshold determination has not been made eritdy
(undetermined). If the stream is non-fish beathmgfield is left
blank.

=

Comments

Concise description of the culvert probkm explanation o
any attribute where OTHER was selected.

f Crosses hillside,
at top of
drainage;

intermittent flow

in downstream

drainage

Drainage area dry

24




Draft Report Fish Passage Barrier Study Energy Northwest Packwood Lake tagtiectric Project

November, 2006

FERC No. 2244

Table 4.1 b

Culvert Barrier Analysis for Pipeline Road Trail N&t Culverts 4481 ft from ATV Off-Load Station

Attribute Description Pipeline Road Trail No. 74 Culverts

Identifies individual culverts at multiple culvestream
crossings. Format X.Y, where X= specific culvautmber
and Y = total number of culverts in crossing. Erample

Sequencer at a triple culvert crossing the first pipe woukl h3, the 1.4 2.4 3.4 44
second 2.3 and the third 3.3 Used in conjunctidgh the
Site ID to create a unique record ID.

Field Review Last names of individuals responsible for collegtiield | Blum/Johnson/Monahan

Crew data on culverts. Separate names with /.

Field Review Date| Date of the field review. MM/DDYYY format. 08/31/2005
Specify the shape of the culvert using one of dlieving

Shape codes:RND = round,BOX = rectangularARCH = RND RND OTH OTH

bottomless arcl5QSH= squash (pipe archgLL =
ellipse,OTH = other.

Specify the material of which the culvert is consted
using one of the following code®CC = precast
concreteCPC = cast in place concret€ST = corrugated
Material steel,SST= smooth steelCAL = corrugated aluminum, | CST CST CST CST
SPS= structural plate steebPA = structural plate
aluminum,PVC= plastic, TMB = timber,MRY =
masonryOTH = other.

The horizontal dimension of the culvert. Expressed
meters to the nearest 0.01. Used in conjunctidh wi
Average Streambed Width to calculate Culvert Span t
Streambed Width Ratio.

Span 0.61 0.46 0.46 0.46

The vertical dimension of the culvert. Expressed i
Rise meters to the nearest 0.01. For round culverssviiue | 0.61 0.46 0.46 0.46
will be the same as the span.
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Table 4.1 b (cont'd)

Culvert Barrier Analysis for Pipeline Road Trail N&t Culverts 4481 ft from ATV Off-Load Station

Water Depth

Depth of water inside the culvert, measured at the

Maximum Depth

the nearest 0.01. Informational.

. downstream end away from the influence of outlet 0.04 0.0 0.0 0.02
Inside Culvert o .
conditions. Expressed in meters to the nearest 0.01
Distance from the water surface at the downstreaanoé
No water | No water | No water
the culvert to the water surface of the plunge pdbthe
) : . at outfall | atoutfall | at outfall
stream is dry, the outfall drop is the differenetvieen
Outfall Drop : i 0.91 No No No
the downstream invert elevation and the elevatiche
. Control Control Control
plunge pool control. Expressed in meters to theaesta
0.01 DS DS DS
Length The length of the culvert_measured to the neardst 0 17.95 17.80 277 270
meters. Include aprons if present.
Slope of the culvert, reported in perceag(4.3). May
be a positive or negative number. May be shottire
Culvert Slope with laser or derived from invert elevations antizett 8.71 8.71 10.95 13.66
length. Slope readings taken with a clinometemarte
acceptable.
Streambed Specifies the presence of streambed mattimialighout Yes No Yes Yes
Material in Culvert| the length of the culvert. Values are: yes or no.
Water Velocit Field estimate of water velocity through the cutver
X Y meters per second. Use flow meter of 3 chip method 0.65 N/A N/A ~0.0
Inside Culvert . X
Information. Optional.
Indicates presence and location of an apron. \ézdwe:
Apron None None None None
none, upstream, downstream, botliboth ends).
Tidegate Indicates presence of a tidegate. Valtesyesor no. No No No No
Fill Depth rl?g:é? of road fill over culvert. Measured to trearest 0.91 0.91 0.15 0.15
Plunge Pool Distance from the outlet of the culvert to the dstseam None None None None
Length control. Measured in meters to the nearest 0.01.
Plunge Pool Maximum depth of plunge pool. Expressed in metiers N/A N/A N/A N/A
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Culvert Barrier Analysis for Pipeline Road Trail N&t Culverts 4481 ft from ATV Off-Load Station

Table 4.1 b (cont'd)

Plunge Pool OHW
Width

Width of the plunge pool at its widest point measlat
Ordinary High Water. Expressed in meters to theres
0.1. Informational.

N/A

N/A

N/A

N/A

Average
Streambed Width

The average width of the streambed (toe width).
Measured at the second riffle downstream of theetl
Used in conjunction with the culvert span to cadtel
Culvert Span to Streambed Width Ratio.

0.36

N/A

N/A

N/A

Culvert Span to
Streambed Width
Ratio

The ratio of culvert width (span or diameter) teeatmed
(toe) width. Derived by dividing culvert span byeaage
streambed width. Expressed as a decimal fraction.

1.69

N/A

N/A

N/A

Maintenance
Required

Indicates if culvert is in need of maintenanceidrahtries
include: no =no maintenance needgs= maintenance
needed to improve fish passage (culvert not adyarri
otherwise)yes/om= maintenance needed, fish passage
not an issue.

D

Yes/Om

No

No

No

Recheck

Need/reason to re=-visit the site. Field valuesrant

rigid but please use the following for consistency.
Maximum number of characters is 10. Use the conime
field if necessary. Once the recheck has been,dbee
field value needs to be toggledrio and comments
cleared to avoid future confusiono =no neededGPS=
gps positionphoto = photo, pass HF= evaluate
passability at high flowpass LF= evaluate passability g
low flow, LB = Level B data required.

2N

—

No

No

No

No

Barrier

Results of fish passage evaluation. Valuesyees
culvert is a barriemo = culvert is not a barriegnknown
= culvert beyond Level B analysis. If the streamas-

fish bearing the field is left blank.
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Table 4.1 b (cont'd)

Culvert Barrier Analysis for Pipeline Road Trail N&t Culverts 4481 ft from ATV Off-Load Station

Percent passability based on field crews profession
judgment. Values are 0, 33, 67, 100. This vatugsied in
the Pl model to derive B (proportion of fish passag
improvement). Make sure values in the Passalahty

/

Passability Barrier fields are consistent. If the stream ia-fish
bearing the field is left blank. For non WDFW ceethe
passability is assumed to be 0.33 unless the ihalils
making the assessments have an advanced level of
expertise.
Factor that determined barrier status. Appliey tol
barrier culverts. Entries includmitfall drop, slope, Slope/ Slope/ Slope/
velocity, anddepth. Enter outfall drop if the measured Qutfall Slope/ Qutfall Qutfall
Problem outfall drop is >0.24 meters or enter slope ifshape is drop/ depth/ drop/ drop/
>1% (Level A Analysis). The results of the hydiaul depth/ interm. depth/ depth/
analysis (Level B) will indicate either water depth interm. water interm interm
velocity. Enter all that apply, separate each nyimtith a water water water

Repair Status

Indicates the need for barrier repair. If the eulvs not a
barrier ente©OK. If there is insufficient habitat gain to

warrant repair (see Threshold Determination, Sa@i®)
the entry would b& G (no gain). If sufficient habitat is

present enteRR (repair required). If the barrier has been
fixed enter=X (fixed). If the fix involves conversion to a
fishway entelFX/FW. If a threshold determination has

not been made ent&dD (undetermined). If the stream ig
non-fish bearing the field is left blank.

Comments

Concise description of the culvert problem and
explanation of any attribute where OTHER was selict
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Table4.1c
Culvert Barrier Analysis for Art Lake Creek (2133rom ATV drop off or 8879 ft from Snyder Road)da8nyder Creek

Culverts

Snyder Cr. Above

Streambed Width to calculate Culvert Span to Sthesin
Width Ratio.

. - Powerhouse
Attribute Description Art Lake Cr. (USFS Rd 1260-
013)
Identifies individual culverts at multiple culvestream
crossings. Format X.Y, where X= specific culvautmber and
Sequencer Y = total number of culverts in crossing. For exderat a
q triple culvert crossing the first pipe would be 18 second
2.3 and the third 3.3. Used in conjunction with 8ite ID to
create a unique record ID.
Field Review Last names of individuals responsible for collegtiield data | Blum/Johnson/ Blum/Johnson/
Crew on culverts. Separate names with /. Monahan Monahan
Field Review Date| Date of the field review. MM/DDYYY format. 08/31/2005 09/11/2005
Specify the shape of the culvert using one of thiewing
codes:RND = round,BOX = rectangularARCH =
Shape bottomless arcl5QSH= squash (pipe archgLL = ellipse, OTH RND
OTH = other.
Specify the material of which the culvert is consted using
one of the following codesPCC = precast concret€PC =
. cast in place concret€ST = corrugated steelSST= smooth
Material steel,CAL = corrugated aluminun§PS= structural plate cST cST
steel, SPA= structural plate aluminun®?,VC= plastic, TMB
= timber,MRY = masonryOTH = other.
The horizontal dimension of the culvert. Expresisecheters
Span to the nearest 0.01. Used in conjunction with Ager 0.46 193
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Table 4.1 c (cont'd)

Culvert Barrier Analysis for Art Lake Creek (2133rom ATV drop off or 8879 ft from Snyder Road)da8nyder Creek
Culverts

The vertical dimension of the culvert. Expressecheters to

Rise the nearest 0.01. For round culverts this vallebsithe 0.28 1.94
same as the span.
Water Deoth Depth of water inside the culvert, measured atthenstream
X b end away from the influence of outlet conditionspEessed in 0.00 0.07
Inside Culvert
meters to the nearest 0.01.
Distance from the water surface at the downstreaanoé the
culvert to the water surface of the plunge pobthé stream is
Outfall Drop dry, the outfall drop is the difference betweendbgnstream 0.71 0.88
invert elevation and the elevation of the plungelmontrol.
Expressed in meters to the nearest 0.01.
Length The length of th_e culvert measured to the nearést@ters. 3.03 20.70
Include aprons if present.
Slope of the culvert, reported in perceamig(4.3). May be a
positive or negative number. May be shot dirediith laser
Culvert Slope or derived from invert elevations and culvert lénddlope 10.51 11.10
readings taken with a clinometer are not acceptable
Streambed Specifies the presence of streambed mattmialghoutthe
L . Yes No
Material in Culvert| length of the culvert. Values are: yes or no.
Water Velocit Filed estimate of water velocity through the culiermeters
: Y per second. Use flow meter or 3 chip method. rimfdion. N/A Standing water
Inside Culvert ;
Optional.
Aoron Indicates presence and location of an apron. \¢adue: None None
b none, upstream, downstream, bottfboth ends).
Tidegate Indicates presence of a tidegate. Valtesyesor no. No No
Fill Depth Depth of road fill over culvert. Measgutto the nearest metef. 0-0.08 3.21
Plunge Pool Distance from the outlet of the culvert to the dets@am N/A 4.24
Length control. Measured in meters to the nearest 0.01. '
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Culvert Barrier Analysis for Art Lake Creek (2133rom ATV drop off or 8879 ft from Snyder Road)da8nyder Creek
Culverts

Maximum depth of plunge pool. Expressed in meiethe

Plunge Pool

Table 4.1 c (cont'd)

to no and comments cleared to avoid future confusiom=
no neededGPS = gps positionphoto = photo, pass HF=
evaluate passability at high flovpass LF= evaluate

passability at low flowl.B = Level B data required.

Maximum Depth | nearest 0.01. Informational. N/A 0.34
Width of the plunge pool at its widest point measlat
\Ij\}?dr;%e Pool OHW Ordinary High Water. Expressed in meters to therest 0.1. N/A 2.78
Informational.
The average width of the streambed (toe width).asdeed at
Average the second riffle downstream of the culvert. Used 0.61 168
Streambed Width | conjunction with the culvert span to calculate @uf\Span to ' ’
Streambed Width Ratio.
. . . 0.75 1.15
Culvert Span to The ratio of culvert width (span or diameter) t®atmed (toe)
Streambed Width | width. Derived by dividing culvert span by averageambed
Ratio width. Expressed as a decimal fraction.
Indicates if culvert is in need of maintenancejdvahtries
Maintenance include: no =no mai_ntenance needges= maintena_nce
. needed to improve fish passage (culvert not adrarri Yes/Om No
Required . S .
otherwise) yes/om= maintenance needed, fish passage not an
issue.
Need/reason to re=-visit the site. Field valuesrant rigid but
please use the following for consistency. Maximumber
of characters is 10. Use the comment field if seagy. Once
the recheck has been done, the field value nedus toggled
Recheck No No
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Table 4.1 c (cont'd)

Culvert Barrier Analysis for Art Lake Creek (2133rom ATV drop off or 8879 ft from Snyder Road)da8nyder Creek
Culverts

Barrier

Results of fish passage evaluation. Valuesyass culvert is
a barrierno = culvert is not a barriegnknown = culvert
beyond Level B analysis. If the stream is non-figlring the
field is left blank.

Yes

Passability

Percent passability based on field crews profession
judgment. Values are 0, 33, 67, 100. This vadugsied in the
P1 model to derive B (proportion of fish passage
improvement). Make sure values in the Passalaility Barrier
fields are consistent. If the stream is non-fishring the field
is left blank. For non WDFW crews the passabiktassumed
to be 0.33 unless the individuals making the assests have
an advanced level of expertise.

Problem

Factor that determined barrier status. Appliey tmbarrier
culverts. Entries includeutfall drop, slope, velocity,and
depth. Enter outfall drop if the measured outfall drep-D.24
meters or enter slope if the slope is >1% (Levélralysis).
The results of the hydraulic analysis (Level B)lwitlicate
either water depth or velocity. Enter all that lgppeparate
each wintry with a /.

Slope, Depth

Slope/ Outfall Dro

Repair Status

Indicates the need for barrier repair. If the eulvs not a
barrier enteOK. If there is insufficient habitat gain to
warrant repair (see Threshold Determination, Sacig8) the
entry would beNG (no gain). If sufficient habitat is present
enterRR (repair required). If the barrier has been fieader
FX (fixed). If the fix involves conversion to a fishy enter
FX/FW. If a threshold determination has not been mader e
UD (undetermined). If the stream is non-fish beathegfield
is left blank.

RR

Comments

Concise description of the culvert problem and axption of
any attribute where OTHER was selected.
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Attribute

Table 4.1 d

Culvert Barrier Analysis for Snyder Creek CrossatidProject Tailrace

Description

Snyder Creek at
Tailrace

Sequencer

Identifies individual culverts at multiple culvestream
crossings. Format X.Y, where X= specific culvarmber and
Y = total number of culverts in crossing. For exderat a triple
culvert crossing the first pipe would be 1.3, theand 2.3 and
the third 3.3. Used in conjunction with the Sitettbcreate a
unique record ID.

Field Review
Crew

Last names of individuals responsible for collegtiield data on
culverts. Separate names with /.

Warnock/Blum

Field Review Date

Date of the field review. MM/DDYYY format.

08/23/2006

Shape

Specify the shape of the culvert using one of tiewing
codes:RND = round,BOX = rectangularARCH = bottomless
arch,SQSH= squash (pipe archLL = ellipse,OTH = other.

RND

Material

Specify the material of which the culvert is consted using
one of the following codesPCC = precast concret€PC =
cast in place concret€ST = corrugated steelSST= smooth
steel,CAL = corrugated aluminun§PS= structural plate steel,
SPA= structural plate aluminun?VC= plastic, TMB = timber,
MRY = masonryOTH = other.

OTH

Span

The horizontal dimension of the culvert. Expresisecheters to
the nearest 0.01. Used in conjunction with Averaggeambed
Width to calculate Culvert Span to Streambed WRighio.

1.22

Rise

The vertical dimension of the culvert. Expressedeters to thd
nearest 0.01. For round culverts this value véltihe same as

the span.

1.22
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Water Depth

Table 4.1 d (cont’d)

Culvert Barrier Analysis for Snyder Creek CrossatidProject Tailrace

Depth of water inside the culvert, measured atithenstream

Width

Informational.

. end away from the influence of outlet conditiongpiessed in 1.22
Inside Culvert
meters to the nearest 0.01.
Distance from the water surface at the downstreaahoé the
culvert to the water surface of the plunge pobthé stream is
Outfall Drop dry, the outfall drop is the difference betweendbenstream None
invert elevation and the elevation of the plungelpontrol.
Expressed in meters to the nearest 0.01.
Length The length of th_e culvert measured to the nearést@ters. 22 87
Include aprons if present.
Slope of the culvert, reported in percemig(4.3). May be a
positive or negative number. May be shot direwaiity laser or
Culvert Slope derived from invert elevations and culvert lengitope readings 1.44
taken with a clinometer are not acceptable.
Streambed Specifies the presence of streambed matdmialighoutthe Yes
Material in Culvert| length of the culvert. Values are: yes or no.
. Filed estimate of water velocity through the culiemmeters per
Water Velocity . )
. second. Use flow meter of 3 chip method. Infoiomat 0.12
Inside Culvert )
Optional.
Apron Indicates presence and location of an apron. \ézdwe: none, Upstream
P upstream, downstream, both(both ends). P
Tidegate Indicates presence of a tidegate. Valtesyesor no. No
Fill Depth Depth of road fill over culvert. Measukto the nearest meter. N/A
Plunge Pool Distance from the outlet of the culvert to the dstmeam 401
Length control. Measured in meters to the nearest 0.01. '
Plunge Pool Maximum depth of plunge pool. Expressed in meizthe 073
Maximum Depth | nearest 0.01. Informational. '
Width of the plunge pool at its widest point measlat
Plunge Pool OHW Ordinary High Water. Expressed in meters to therest 0.1. 3.02
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Table 4.1 d (cont’d)

Culvert Barrier Analysis for Snyder Creek CrossatidProject Tailrace

The average width of the streambed (toe width).addeed at

Level B analysis. If the stream is non-fish begutine field is

left blank.

Average the second riffle downstream of the culvert. Usedonjunction 1.95
Streambed Width | with the culvert span to calculate Culvert Spati@ambed '
Width Ratio.
Culvert Span to The ratio of culvert width (span or diameter) teeatmed (toe)
Streambed Width | width. Derived by dividing culvert span by averageambed 0.63
Ratio width. Expressed as a decimal fraction.
Indicates if culvert is in need of maintenancejdsehtries
Maintenance include: no =no maintenance needgs= maintenance Yes
Required needed to improve fish passage (culvert not adrantherwise),
yes/om= maintenance needed, fish passage not an issue.
Need/reason to re=-visit the site. Field valuesrat rigid but
please use the following for consistency. Maxinmumber of
characters is 10. Use the comment field if necgssance the
recheck has been done, the field value needs todoéed tono
Recheck . LIS No
and comments cleared to avoid future confusiom=no
neededGPS = gps positionphoto = photo, pass HF= evaluate|
passability at high flowpass LF= evaluate passability at low
flow, LB = Level B data required.
Results of fish passage evaluation. Valuesy@®s culvert is a
Barrier barrier,no = culvert is not a barrieunknown = culvert beyond No
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Passability

Table 4.1 d (cont’d)

Culvert Barrier Analysis for Snyder Creek CrossatidProject Tailrace

Percent passability based on field crews professjoidgment.
Values are 0, 33, 67, 100. This value is usetiéenRl model to
derive B (proportion of fish passage improvemeipake sure
values in the Passability and Barrier fields anesistent. If the
stream is non-fish bearing the field is left blarikor non
WDFW crews the passability is assumed to be 0.33sarthe
individuals making the assessments have an advaeweeldof
expertise.

67%

Problem

Factor that determined barrier status. Appliey embarrier
culverts. Entries includeutfall drop, slope, velocity,and
depth. Enter outfall drop if the measured outfall drep>D.24
meters or enter slope if the slope is >1% (Levéinalysis).
The results of the hydraulic analysis (Level B)liticate
either water depth or velocity. Enter all that lgppeparate eac
wintry with a /.

=

N/A

Repair Status

Indicates the need for barrier repair. If the eulvs not a barrie
enterOK. If there is insufficient habitat gain to warraapair
(see Threshold Determination, Section 3.3) theyamtuld be
NG (no gain). If sufficient habitat is present eriR (repair
required). If the barrier has been fixed em¥r(fixed). If the
fix involves conversion to a fishway enfex/FW. If a
threshold determination has not been made éider
(undetermined). If the stream is non-fish beathggfield is left
blank.

RR

Comments

Concise description of the culvert problem and amption of
any attribute where OTHER was selected.
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Photo 4.1
Snyder Creek Road Crossing at the Pipeline Road, Entrance Above Road

Photo 4.2
Snyder Creek Road Crossing Culvert at the Pipeline Road, Exit
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Photo 4.3
Snyder Creek Road Crossing Culvert at the Pipeline Road Downstream Profile

Photo 4.4
Snyder Creek Road Crossing Culvert at the Pipeline Road, Upper Drainage
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Photo 4.5
Upstream culvert entrance, 0.95 miles from gate on the Pipeline Road

Photo 4.6
Slope upstream of culvert (>100%), 0.95 miles from gate on the Pipeline Road.
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Photo 4.7
Exit and downstream slope of culvert, 0.95 miles from gate on the Pipeat R

Photo 4.8.
Exit and downstream slope of round culverts
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Photo 4.9.
Upstream end of round culverts

Photo 4.10.
Downstream end of Art Lake Creek culvert on Pipeline Road
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Photo 4.11.
Upstream profile above Art Lake Creek culvert.

Photo 4.12.
Downstream end of Snyder Creek culvert above powerhouse.
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5.0 DISCUSSION AND RECOMMENDATIONS

All culverts associated with the Pipeline Road (F.S. Road 1260-066) patinBiRoad Trail
No. 74 were designated as barriers due to slope of the culvert oredkens. Along this road,
however, all crossings were ephemeral and were seasonallyWith the exception of the
Snyder Road (F.S. Road 1260-066) culvert at the Pipeline Road gajeadadints upstream of
the culverts exceeded 100%; gradients of all slopes immediatelgstt@am of the culverts
approached or exceeded 50%. All water courses below the cwizdsdry, and there were no
fish present either upstream or downstream of the culverts. dine steep gradients (>20%),
intermittent nature of the drainages, and lack of fish, none of thegerts is recommended to
be improved for passage.

The Forest Service culvert located outside the Project boundBoyestt Service Road 1260-013
is a barrier to upstream migration of anadromous fish. Coho sahp&ae been found up to
1700 feet above the tailrace. Cutthroat trout are distributed throughoiof@ ft reach below

Snyder Creek Falls. It is assumed that cutthroat trout found abevieorest Service culvert
were seeded from fish upstream in Snyder Lake.

The crossing of Snyder Creek at the tailrace is passdibieugh it most likely does not pass all
fish. It is clogged with gravel and cobble from upstream; at @&, & needs to be cleared of
debris.

In meetings of the Water Quality and Aquatic Resources Cosanitie following options were
discussed for the Snyder Creek crossing of the tailrace:

1. Cleanout the culvert to provide better passage if the culvedrdigjered is passable;
or

2. Abandon the culvert and divert Snyder Creek back into Hall Crelowmti crossing
the tailrace; or

3. Replace the culvert with a new structure.

As requested by the Committee, to determine if Option 2 is viEl8&, Consulting examined a
drainage path which runs parallel to the tailrace, enteringCGtakk just upstream of the flume.
This reach is approximately 800 ft in length. The 300 ft closeShyder Creek is dry, but has a
bankfull width of about 10 ft. The next 300 ft is a backwater (no disbkrrilow — bankfull
width of approximately 20 ft), which then connects to a dry reach astérs Hall Creek
(bankfull width at this location is approximately 2 ft). There ace barriers to upstream
anadromous migration within this 800 ft reach. This option could be viabteno further
analysis has been conducted at this stage regarding costgspetmi Because the other two
options appear viable, Energy Northwest did not further investigate Option 3.

Because the analysis showed that the existing culvert aflslwpassage, Energy Northwest is
proposing to pursue clean out of the existing culvert, and will constlit ttve agencies and
tribes regarding the methodology and precautions needed to sudgesshalre full fish passage
using this option.
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Analysis has also indicated that the flume under Hall Creek doesmpetde fish passage.
Depths under the culvert are up to 3.0 feet. With a cross-sectieaabf100 ft, the opening

under Hall Creek can easily accommodate fish passage athgiadr flows without creating
any velocity barriers to fish under these conditions.

Two significant barriers to anadromous fish exist in the lowermviles of Lake Creek (a chute
at RM 1.03 and a falls/chute complex at RM 1.95). If a Condition Féatdrsh in excellent
conditions (Cfio0) is used, the chute at RM 1.03 could be negotiated at certain Bgws
steelhead; if a Cf5pis used, the barrier chute complex is a barrier to all anadrospegsges that
are being trucked above the Cowlitz projects. The falls/chut@leanat RM 1.95 is a barrier to
all species, regardless of condition factor.
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DRAFT REPORT
LAKE CREEK
ANADROMOUS BARRIER ANALYSIS

2006
SECTION 1: INTRODUCTION

Beginning in 1994, anadromous salmonids have been reintroduced to the uppex Cowlit
River and its tributaries. In accordance with the Cowlitz RiReoject settlement
agreement of August 10, 2000, a trap-and-haul of adults has been condubtety
hatchery and wild stock above the Cowlitz River Project dams and the Cowgz&ad.
The target species under this agreement are Chinook and coho saichateelhead
trout. Sea-run cutthroat trout are also transported and relebegd the dams (City of
Tacoma 2000). Releases in the upper watershed at Lake Scaneéwze Skate Creek
Bridge at Packwood increase the potential for these specietize lawer Lake Creek.
Because there are no current data on species utilizing &ther Lake Creek or the
tailrace slough, electrofishing, snorkeling, and/or spawner suwenesused to verify the
presence and relative abundance of anadromous salmonids as wetibasv raout,
cutthroat trout, lamprey, and sucker (EES Consulting, 2005, 2006).

An integral part of the Lake Creek instream flow studw iphysical habitat survey of
Lake Creek in its entirety. A probable anadromous barri@5(# falls) exists at RM
1.95 and has been noted by the USDA Forest Service (1995) and W2004d). Lucas
(WDFW 1992) also identified this as the probable end of anadromous fishbutien
and cited three independent surveys to support his conclusions includiiy\W¥oot
survey (1992), Bryant (1949) and Kray (WDW 1949) (as cited in Wieman 2004).

EES Consulting (EESC) noted a chute/falls complex that has thatipbte be a barrier

to upstream migration of anadromous fish at RM 1.03. Energy Northwrest
consultation with EES Consulting, the tribes and natural resource agetisicussed the
feasibility of analyzing this chute against established, publishitia and evaluating its
potential as an anadromous barrier. In addition, EESC evaluated $/€Ifate barrier

at RM 1.95. This report summarizes the results of this evaluation.

Three anadromous fish species that would attempt to migratearpstid_ake Creek are
spring Chinook and coho salmon and steelhead trout. Chinook and coho salmon were
observed spawning below the chute/falls complex in 2004; steellacave not been
seen to date (latest survey July, 2006).

SECTION 2: METHODS

The Project currently has an instream flow of 3 cfs as medsatr the drop structure.
Flows current found at this barrier would therefore be compriseueahstream flow of
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3 cfs and accretion from tributaries to Lake Creek downstreatimeofirop structure to
RM 1.03 or 1.95.

Data from WY 1914 from Lake Creek at Mouth near Packwood state&mncombined
with data from October 1963 through September 1977, in conjunction wisiate time
period at the Lake Creek gage at outlet to Packwood Lake, toagstimflow (accretion)
to Lake Creek below the drop structure. Table 1 summarizes inflaw below the
Packwood Lake outlet (approximate RM 5.4) to the gage located upstreamthe
mouth of Lake Creek (approximate RM 0.3). Average annual inflow2as cfs, with
minimum inflows occurring during August (9.8 cfs), September (8.6 afisl) October
(9.2 cfs). Maximum inflows occurred during December (40.6 cfs), JarfGar§ cfs) and
February (40.9 cfs). Lowest mean annual accretion was 14.9 cfg dMNn1977, while
the highest mean annual accretion was 42.4 cfs during WY 1972 (EnertgywhNist
2004).

Typically, Chinook salmon migrate during the drier times of y@ag., August —
October) when there is less accretion to lower Lake Creek. Céhorsand steelhead
trout, however, migrate during the November —April period when inflows areegreat

2.1 Barriers Surveyed
2.1.1 Barrier at RM 1.03

During the Lake Creek Instream Flow study (conducted in 2004) Efe8K cross
sectional measurements at lip (crest) of the falls/chutbeimiddle section of the chute,
and near the top of the chute at the barrier at RM 1.03. The longitypdofad of this
falls/chute complex was surveyed using a Topcon auto level and siddhad extended
from the plunge pool at the base of the falls approximately bpdtream of the lower
end of the barrier. To define the profile, EES Consulting sudsetaions on the barrier
that signified changes in bed profile, gradient breaks, or importanirés along the
thalweg. At the potential barrier at RM 1.03, detailed photographsaandeo were
taken of the falls/chute complex at release flows of 33 cfs,darad 3 cfs at the outlet
structure, respectively). Velocities were taken at the tatist, mid-channel in the chute,
and near the top of the chute.

In consultation with the natural resource agencies and tribes, dlokB0 cfs and 291 cfs
were spilled over the drop structure during the spring 2006. EE®(oattographed
these spill events and measured velocities in the chute. Duedorttpex nature of the
water spilling through the chute, however, Water Surface Etmsatvere not able to be
measured.

2.1.2 Barrier at RM 1.95

In 2005, EESC measured the barrier at RM 1.95 at release flowstlfre Packwood
Lake Hydroelectric Project of 3.26 cfs, 16 cfs and 33.5 cfs, ragplct In consultation
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Table 1
Mean Monthly Inflow from Lake Creek at Packwood Lake Outlet (Gage No. 14225500) and Lake Creek Aboveddth (Gage NO. 14226000).
WY Oct Nov Dec Jan Feb March April May June July, gAu Sept Annual

1912 -4.7 37.9 13.9 52.3 55.4 6.2 0.8 -4.2 36.3 11.5 3.4 3.0 17.4
1914 11.8 21.9 18.6 50.7 25.1 36.7 42.8 41.4 26.7 22.2 10.3 12.3 26.7
1963 11.7 25.8 294 23.0 39.9 26.9 36.4 20.3 13.5 8.9 5.1 6.5 204
1964 5.9 26.7 26.6 47.1 35.4 29.0 37.6 30.3 26.0 17.7 12.9 8.6 25.2
1965 12.3 21.9 79.4 87.3 52.3 28.7 23.4 26.3 21.4 14.9 9.0 6.7 32.0
1966 5.8 8.7 13.5 29.0 20.7 37.9 34.9 25.]) 18.9 12.7 8.5 5.9 18.4
1967 4.8 10.4 39.9 64.1 43.1 24.3 16.0 18.4 19.4 14.7) 8.2 6.1 22.4
1968 11.9 21.2 38.9 39.2 62.1 36.0 26.§ 15.7 14.3 9.6 8.0 9.4 24.3
1969 19.3 38.5 47.4 554 22.9 29.5 33.9 26.6 24.4 134 8.6 7.3 27.2
197¢ 8.9 11.6 22.4 62.2 47.1 30.0 27.2 17.9 15.0 10.2 6.6 5.6 22.0
1971 6.1 19.1 30.2 67.6 55.4 33.6 36.2 41.5 32.5 22.0 11.2 8.8 30.3
1972 9.0 21.6 37.9 66.4 79.7 99.7 50.3 48.2 42.7 26.1) 14.9 13.7 42.4
1973 9.7 16.0 54.9 47.1 23.9 19.2 14.5 13.5 127 9.6 7.4 6.9 19.6
1974 6.8 34.4 56.9 82.5 49.9 43.4 46.7 44.2 52.5 26.0 14.5 9.3 38.9
1975 6.7 15.0 44.6 85.5 47.2 41.6 23.2 27.9 24.5 13.0 11.5 8.6 29.1
1976 8.7 30.9 92.9 67.3 36.4 29.7 37.5 35.7 27.2 18.7 12.9 9.2 34.0
1977 7.6 11.6 12.4 15.5 15.7 23.6 22.7 19.6 18.0 11.4 8.7 12.2 14.9

Mean

(excludes

WY1912) 9.2 20.9 40.6 55.6 40.9 35.5 31.4 27.9 24.4 15.6 9.8 8.6 26.7
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with the natural resource agencies and tribes, flows of 130 cf8CGhdfs were spilled
over the drop structure during the spring, 2006. EESC evaluated thesafflthessame
time that the barrier at RM 1.03 was measured. Extremely \Jafgitities and safety
concerns prevented EESC from being able to measure actual eslacithe chute and
even gain access to the chute. EES Consulting also photographed thdseaevbe

barrier falls.

At the barrier at RM 1.95, EESC measured the vertical anddmbaizdistances for the
four falls that constitute the largest part of the barridrase flow. A small, steep chute
is also present on the backside of this falls. EESC measurstbgeeof this chute and
surveyed the falls at the entrance to the chute. In addition, EESIQunsneasured 6
transects perpendicular to the horizontal profile on the chute. Geasi®nal profiles
were taken on these transects, as well as Water Surface Elevat®Bs)(d#hd velocities.
Measurements were taken at base flow and releases of 16 and 336 tbfs spill flows
of 130 cfs and 291 cfs, however, safety concerns did not permit meastsemethe
chute. The falls were photographed but no measurements or elaaadable for the
chute portion of the barrier, since there was no access frwer éielow or above the
barrier.

2.2 Evaluation Methods Used for Potential Barriers

There are numerous boulder cascades, turbulent cascades, multgplanth chutes

present in Lake Creek below the drop structure. A total of 14 dald 23 chutes were
noted by the USDA Forest Service (1993) during its survey, and these verified by

EES Consulting in 2004. Falls/chute complexes at RM 1.03 and 1.95 veduated by

EESC for Energy Northwest.

Upstream passage potential was analyzed for steelhead tieapédcies with the greatest
leaping ability among the anadromous fish present in the upper Z&aker system, as
well as Chinook and coho salmon, which are known to utilize Lake Goeedpawning
The barriers were analyzed according to height, horizontal destgahenge pool exit
conditions, crest depth and velocities, landing zone conditions and chutetiegloci
ranging from flows of 3 cfs to 291 cfs as released from theegirofrop structure. EESC
then used the criteria established in Powers and Orsborn (1985), inclealggl ability,
to assess passage. EESC attempted to collect this sammeatidn at the spill flows of
130 cfs and 300 cfs at both barriers. At the barrier at RM 1.08y watface elevations
were so variable and complex that they could not be accurataelyumeel. At the barrier
at RM 1.95, the barrier was unsafe and access to the chute waemngiossible at the
spill flows. The release flows of 35 cfs at this barrierenatrthe upper limit of accurate
and safe measurements. No WSE or velocities were takba apitl flows of 130 cfs
and 291 cfs.

Several factors are important to evaluate when determinirgagassuccess at barriers:

1) the plunge pool (fish entrance zone); 2) landing conditions (fislzemé) and 3) the
barrier itself (fish passage zone) (Powers and Orsborn 1985). White water and terbulenc
are also important to evaluate when assessing barriers. J4tR&O) noted turbulence
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deflects a swimming fish from its course, causing it to expendrgy resisting
upwellings, eddies, entrapped air and vortices, which in turn makedssible for a fish

to use its swimming power effectively (Powers and Orsborn 19B&¢tors influencing

the fish entrance, passage and exit zones are summarized belove atetinzed from

Powers and Orsborn (1985). Additional information was obtained from R2 @artsul
and Ichthyological Associates, Inc. (2000).

Fish Entrance Zone

A good takeoff pool is essential if fish are to leap effecyiviel any height. If the
turbulent pool conditions, created from the falling water impactingstra@low pool,
prevent a good takeoff, a relatively low fall may act astal tbarrier (Powers and
Orsborn 1985). In addition, air bubbles are created by the mixtureaidiwater as the
falling water impacts the surface and entrain large quantities. of\en this occurs, the
leaping height attained by fish attempting to leap the barsiemuch less than the
recorded maximum at other passable falls because of the redtraetiam flow (Stuart
1964). As stated in R2 Consultants and Ichthyological Associateg20@0), “A pool
which is deep enough to absorb the falling water will resulhénformation of a well-
defined standing wave relatively close to the falls from whidish can leap. A shallow
plunge pool will result in highly turbulent conditions which produce diffideping
conditions for fish. A shallow plunge pool will also result in the fation of the
standing wave further downstream of the falls. This resulisgreater leaping distance,
since fish usually leap from the standing wave towards the barast. In addition, the
air bubbles created by the falls under these conditions greatlyce the propulsive
power of a fish's tail, resulting in smaller leaps (Stuart 1964aserude (1984)
concluded that two conditions should be satisfied to provide optimum |leapdgions
in the plunge pools:

1. Depth of penetration of the falling water should be less than thé déphe
plunge pool (turbulent pool conditions disorient fish and the standing wave is
reduced and moved downstream).

2. Depth of the plunge pool must be greater than or equal to the lentjié fi$h
attempting to pass (if the depth is less than the lengthipfdiepulsive power of
fish's tail may be reduced for leaping).

Any waterfall that is steep enough to accelerate flow toemtowhite water should be
considered a total barrier to upstream fish passage (Powersrabdr©1985). The
exception to this is falls or cascades where there are ittEmtrholding areas that fish
can jump into, hold and them jump or swim to the net point (Powers, personal
communication, November 18, 2006).
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Fish Passage Zone

Analysis of Falls

One type of passage barrier is a falls. When the change ar watface elevation
between pools exceeds the leaping height of the species in qudbkgomalls is
considered a barrier. For Pacific salmon and steelhead, thetoglheulated leap from a
level pool is 10.9 ft for steelhead and 7.6 ft for Chinook and coho salmokFi(gees 1
and 2 and Tables 3 and 4). Falls where a change in water seidaa#gon is in excess
of 11 ft can be considered a barrier (Powers and Orsborn 1985). Braedord
(WDFW), however, observed steelhead jumping the Kalama Falls apfies Kalama
River Hatchery on a regular basis, with the occasional, youlggedr old) Chinook
salmon also jumping the falls. The falls is twelve feet iigliteon the upper Kalama
River. It is his opinion that a jump of approximately 13 feetaser to the true height
that a steelhead can jump (Email to H. Beecher, WDFW, February 25, 2005pweas P
considers a vertical drop of 18 feet (adult steelhead trout), 18aieit Spring Chinook
salmon) and 10 feet (fall Chinook and coho salmon) to be an absoluter l{perts.
communication, November 18, 2006).

In many cases, the actual distance the fish must leap iglgtean the vertical drop
between pools. Unless the water is falling vertically, somettal component of the
leap will be required for successful passage. Assuming thatuhgeppool and landing
conditions are satisfied, the following conditions assess passageeatalls (from Table
8, Powers and Orsborn 1985):

1. If the change in water surface elevation is greater than the heigishtban leap,
it is an elevational barrier.

2. If the change in water surface elevation is less thahdiyht the fish can leap,
two analyses can be conducted:
a. If the horizontal distance from the crest to the standing veageeater

than horizontal leap at the highest point of the leap, it can eiber
passable or a horizontal distance barrier.

b. If the horizontal distance from the crest to the standing walkesssthan
the horizontal leap at the highest point of the leap, it is passable.

Analysis of Chutes

Another type of barrier is a chute. Powers and Orsborn (1985) #tatdsy definition,

the flow must be supercritical down the chute (Froude number is gteateunity). At

the start of the chute the flow will pass through critical deptth then into a transition
zone of varied flow for some distance before uniform flow is estadad. If the chute
length is shorter than the transition length required to reachatatepth, uniform flow
cannot be attained.

The mean velocity of turbulent uniform flow in chutes can be expdesg the following
equation:
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V = (1.49/n) (R} (Spf>

where V = mean velocity (ft/sec), n = empirical roughnessffioient, R = hydraulic
radius in ft and Sp = passage slope.

The n value for smooth bedrock is 0.025 — 0.030; the hydraulic radius waktsddoy
using the HYDSIM submodule of RHABSIM (by Thomas R. Payne anddates), and
the slope was calculated from the change in bed elevation and hakidistdnce from
the top to the bottom of the chute.

The conditions for analyzing a chute are listed below in Table 2@né directly from
Powers and Orsborn (1985), assuming that plunge pool requirements, lemadigons
and depth of flow are sufficient.

Table 2
Chute Conditions, Given that Plunge Pool Requirements, Landing
Conditions, and Depth of Flow are Sufficient (Powers and Orsborn 1985)

Condition Result

If the Velocity of the water > Fish speed Velocity Barrier

The velocity of the water < fish speed

Length of the slope > distance the fish | Distance/velocity

can swim barrier
Length of the slope < distance the fish c&assable
swim

Classification of Barriers

Powers and Orsborn (1985) assign a degree of passage diffiduity (fBom 1 to 10,
with 10 being the most difficult) that is independent of barrierhteagd velocity. The
rating is based on the following assumptions:

1.

2.

The differential elevation and water velocities are within shemming and
leaping capabilities of the species in question.

At higher swimming speeds (> 9 ft/s) leaping is more enegdigtiefficient than
swimming (Blake 1983 as cited in Powers and Orsborn 1985).

Fish will be attracted to the area of highest momentum (flaesvelocity) when
migrating upstream; therefore, if multiple paths are preientfish may try to
ascend the one with the highest attraction which will be cregtatiebhighest
combination of drop, velocity, and dischardélote: This is not always the case,
in that Dr. Beecher (WDFW) observed steelhead passage at the watertale
Little Klickitat River near the confluence of Bowman Creek dutidgl. In this
instance, he watched steelhead ascend a small chute to the side méithe
waterfall that carried the bulk of the flow; here fish were ablmaye to a lateral
area of reduced flow (H. Beecher letter to L. Vigue, WDFW, Ap@0D5)]. In
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addition, Powers, in conversations with Milo Bell, discussed fish swighup to
a barrier and what happens when they are delayed. Bell suggested thahthe fis
would move laterally just downstream of the standing wave seeking alernati
passage routes. This may be away from the main channel flow (Pat Powers,
personal communication, November 18, 2006).

4, Turbulent flow (for white water) with surges, boils, and eddiekenitadifficult
for fish to orientate themselves and make full use of their swimming power.

In the case of the potential barrier in question at RM 1.03, Powdr©esborn (1985)
would consider it a compound barrier, consisting of both a falls and chb&ebarrier at
RM 1.95 would be considered a vertical falls with chute component.

Vertical Distance. According to Powers and Orsborn (1985), the curved trajectory of a
fish leaping a falls can be best described as a projeutiigon (see Figure 1, from
Powers and Orsborn 1985). The leap can be divided into two componenisal \(grt
axis) and horizontal (x axis). Vertical distance represémeight a fish must leap in
order to reach the top of the falls, and was calculated by stibgydbe water surface
elevation (WSE) of the plunge pool at each flow from the cresaebtm of the barrier.
The crest elevation is not always the highest elevation alongriggudinal profile, but

the point which provided a resting area for the fish (R2 Consultadtdchthyological
Associates, Inc. 2000).

Horizontal Distance.The leap of a fish must be of sufficient length as tonalt to clear

the horizontal distance between the plunge pool and the crest elevatiatated by R2
Consultants and Ichthyological Associates, Inc. (2000), “This distaragebe relatively
short, such as at falls where water free-falls down to the plpogkebelow. However,
many bedrock waterfalls and most boulder cascades possesplg stelined face over
which water flows at high velocities before striking the watérthe horizontal distance
of a barrier is too long, then a falls which has a height whicthacn normally leap will
still be a total barrier.”

EES Consulting determined the horizontal distance the fish was edquirtravel by
subtracting the position of the base of the falls from the horizonta@igrosf the crest
with the resting area.

Fish Landing Zone

When fish leap at waterfalls, often the landing conditions neasrést are such that the
fish may be swept back by high velocities or unable to proyeehselves in water depths
less than their body depths, where they are not totally submergedolltlheng factors
should be evaluated when assessing landing conditions:

1. The depth of flow where the fish lands must be equal to or gteatethe depth
of the fish (generally considered to be 1.0 ft for steelhead). Howevele phie of
flow used to evaluate fish passage is a range. Oregon DepaxmEish and
Wildlife uses a value of 0.8 ft for Chinook salmon, 0.6 ft for steelrsad char
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and 0.4 ft for trout (Thompson 1972). Powers suggests a value of 1.0 for large
Chinook, but that 0.4 ft (3/4 body depth) be used for steelhead trout and coho
salmon (personal communication, November 18, 2006).

2. The velocity where the fish lands should be within the range ofuistaised
swimming speed for the species in questipNote: Dr. Beecher qualifies this
statement: “Leaping fish can often be swimming in air during a leapy Ty
land in a burst speed effort and so continue upstream through water that exceeds
sustained swimming speed. Using the assumption that fish cannot exceed
sustained swimming speed upon landing may lead to incorrect classification of
barrier” (H. Beecher letter to L. Vigue, WDFW, April 1, 2005)].

3. The velocity and depth should be analyzed under a range of fishiamdtatvs
(Powers and Orsborn 1985).

2.3 Fish Condition
The ability of a fish to leap and swim is dependent upon its conditiPowers and

Orsborn (1985) distinguish three different coefficient of fish conditi®) pased on the
following definitions (Table 3):

Table 3

Fish Condition (Ci) (from Powers and Orsborn (1985).
Crtc Fish Condition
1.00 | Bright: fresh out of salt water or still a long distance fepawning grounds;
spawning colors not yet developed.
0.75 | Good: in the river for a short time; spawning colors apparent butlhof
developed; still migrating upstream.
0.50 | Poor: in the river for a long time; full spawning colors deedoand fully
mature; very close to spawning grounds

Figures 1 and 2 show the leaping ability of steelhead traditChinook and coho salmon
with G 1.00 and 0.75, respectively (Figures 7 and 8 in Powers and Orsborn 1985)).
Table 4 shows the leaping and swimming capabilities of steelhead trout ileekagdod
(from R2 Consultants and Ichthyological Associates, Inc. 2000) and quowlitions.
Table 5 gives the leaping and swimming capabilities of Chinookcahd salmon (from
Powers and Orsborn 1985)Ndte: when examining a barrier to determine if it is an
absolute barrier to upstream migration, Powers had previously stated theltia of 1.0
should be used. In the instance where the fish are delayed and truckeaotand
migrating under a natural flow regime which would establish spawning populations
above the falls such as for Lake Creek from the Cowlitz Rivgeds, Mr. Powers
suggests that it may make sense to consider a value of 0.5 (persamalgication,
November 18, 2006).

The burst speed of steelhead trout (26.5 ft/second) is given abovehan fexcellent

condition. It is important to note that the values of fish speeds seddag Bell (1990)
are for fish swimming in water without entrained air. When swing in white water,
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the density of the water/air mixture will be reduced and defract the propulsive
power of the fish’s tail, reducing its speed (Powers and Orsborn 1985).

Table 4
Leaping and Swimming Capabilities for Steelhead Trout in Excellent (Bght),
Good, and Poor Condition. Leaping and Performance Values Assume that No Air |s
Entrained in the Water (Sources: Powers and Orsborn 1985; Bell 1990)
Table from R2 Consultants and Ichthyological Associates, Inc. (2000).
Excellent Good Poor
Condition | Condition | Condition
Description Cis=1.00| Ci=0.75| Cs=0.50
Maximum Height, 80 Trajectory 10.8 ft 6.0 ft 2.7 ft
Maximum Horizontal Distance, 8T rajectory 8 ft 4.2 ft 2.4 ft
Maximum Height, 60 Trajectory 8.0 ft 4.7 ft 2.1 ft
Maximum Horizontal Distance, 80 rajectory 19 ft 10.7 ft 6.0 ft
Maximum Height, 40 Trajectory 4.5 ft 2.5 ft 1.1 ft
Maximum Horizontal Distance, 40 rajectory 22 ft "12.0 ft 6.7 ft
Maximum burst swimming speed 26.5 ft/s 19.8 ft/s 13.25 ft/s
Maximum prolonged swimming speed 13.7 ft/s 10.3 ft/s 6.9 ft/s
Maximum sustained swimming speed 4.6 ft/s 3.5 ft/s 2.3 ft/s
Maximum swimming distance, water velocity| 83 ft 49 ft 16 ft
10 ft/sec
Table 5
Leaping and Swimming Capabilities for Chinook and Coho Salmon in Excellent
(Bright), Good, and Poor Condition.
Leaping and Performance Values Assume that No Air is Entrained in th@vater .
(Sources: Powers and Orsborn 1985; Bell 1990).
Excellent Good Poor
Condition | Condition | Condition
Description Cis=1.00| Cis=0.75| Cu=0.50
Maximum Height, 80 Trajectory 7.6 ft 4.3 ft 1.9 ft
Maximum Horizontal Distance, 8T rajectory 5 ft 3.0 ft 1.7 ft
Maximum Height, 60 Trajectory 5.8 ft 3.3ft 1.5 ft
Maximum Horizontal Distance, 80 rajectory 13 ft 7.4 ft 4.3 ft
Maximum Height, 40 Trajectory 3.2 ft 1.8 ft 0.8 ft
Maximum Horizontal Distance, 40 rajectory 15 ft ‘8.5 ft 4.9 ft
Maximum burst swimming speed 22.4 ft/s 16.8 ft/$ 11.2 ftfs
Maximum prolonged swimming speed 10.8 ft/s 8.1 ft/s 5.4 ft/d
Maximum sustained swimming speed 3.4 ft/s 2.6 ft/s 1.7 ft/s
Maximum swimming distance, water velocity| 62 ft 34 ft 6 ft
10 ft/sec
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SECTION 3: RESULTS AND DISCUSSION
3.1 Fish Condition

EES Consulting has observed many anadromous salmonids in both LakeaGuletble
tailrace slough during 2004 - 2006 (Chinook and coho salmon; see Lakk Spawner
Survey report (EESC, 2005, 2006) for details. All fish observed would haemee be
classified as f 0.50 (poor) in that they already had been in the river a long dmde
trucked to the Skate Creek Bridge in Packwood. All of the fislergbg had fungus,
with many of them physically deteriorating; and all were or within a mile of the
spawning grounds.

3.2 Relationship Between Release Flows and Flows at Lower Lake Creek

Table 6 summarizes flows released at the drop structure andatadcflows at the lower
Lake Creek gage (approximately 0.3 miles above the confluenicakef Creek and the
Cowlitz River). As discussed in Section 2, the amount of inflowéen the drop
structure and the gage at lower Lake Creek varies with sessbprecipitation. The
falls at RM 1.95 would have less inflow than the falls at RM 1.03¢hvhn turn, has less
inflow than measured at the lower gage. All discussions below are reldi@ddat the
lower Lake Creek Gage.

Table 6
Flows Analyzed at Lake Creek Barriers
Flow at Lower
Flow at Drop Lake Creek Gage
Barrier Date Structure (cfs) (cfs)
Location
RM 1.03 Sept 2, 2004-base 3 11
July 14, 2004-mid 13 25
Aug 31, 2004-high 35 46
May 18, 2006-spill 1 130 142
May 23, 2006- spill 2 291 308
RM 1.95 Sept. 11, 2005-base 3.26 5
Sept. 13, 2005-mid 16 15
Sept. 15, 2005-high 33.5 42
May 18, 2006-spill 1 130 142
May 23, 2006-spill 2 291 308
" Based on stage-discharge relationship; no actual measurements at théseeflow

3.3 Description of Potential Barrier at RM 1.03 and Passage Analysis

This potential barrier is classified as a complex chute. Thdebas composed
completely of bedrock. It has a total height (Water surfdeeagon [WSE] of the
plunge pool to WSE of the crest) of 9.32 ft as measured at the lakerCreek gage (11
cfs) with an average gradient in the chute of over 41%. The uppefhiié barrier is a
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very steep, narrow, twisting chute with measured velocitidseamniddle flow (25 cfs) of
over 14 ft/s. The water is very shallow in the chute (< 0.5sftilly entrained with air,
changes direction at the base, and there is a curved alignmté@ ofiute (Appendix
Photo A3). There is no resting area in the chute, nor is thaeza for fish to re-orient
themselves before attempting to swim or leap the chute. Atale observed, there is
only one possible route through this compound barrier, although the clsuteddow
streams. Figure 3 shows the bed profile and various WSEs of ther J&lote: WSEs

not available for the two spill flows provided in 2006 due to turbulent, complex
conditions].

Passage Analysis

Photos of the chute at low, middle, high and spill flows are includéghprendices A, B,
C and D, respectively.

Plunge Pool

Exit conditions for steelhead trout and Chinook and coho salmon can bderedsjood

at all flows (see photos 1 in Appendices A — D, respectivelyjhoAgh the surface of
the plunge pool is highly turbulent, the depth of the pool is over 5 fedbii flow and

the depths increase with additional discharge (Table 7). Severallesniish
(approximately 12" in length) were observed attempting to jump msofalls, but were
not successful[Note: Depth not available at the two spill flows since surveying was
inaccurate due to turbulent, complex conditions].

Table 7
Depth of Plunge Pool at Measured Flows
Lower Lake
Creek Flow Depth (ft)
11 cfs 5.54
25 cfs 5.81
46 cfs 6.02
142 cfs N/A
308 cfs N/A

Vertical Distance

Steelhead salmon with(1.00 would be able to leap 10.8 ft at arf 8fgle (the angle

with the highest leap; Powers and Orsborn 1985). Steelhead havelisseved leaping

12 ft at Kalama Falls; Powers suggests that to be considesdzbalute falls, the vertical
height of the falls should be 18 feet for adult steelhead trout iellert condition
(Powers, personal communication, November 18, 2006). Native stocks of spring
Chinook and coho salmon leaping in excellent condition would be abléievaa leap

of 13 ft. Since the lip of the falls immediately above the plyngd is only 4.3 ft, all
species would be able to leap these falls.
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Although the lip of the falls immediately above the plunge pool is oBlyt4n elevation
above the plunge pool WSE, there is no resting or landing zone avatidble @ this
falls. The water is fully entrained with air, reducing thepuision effectiveness of the
fish’s tail, thereby reducing the effective speed of the fi8ls. defined by Powers and
Orsborn (1985), a good fish landing (i.e., exit) zone would have vebuhere the fish
lands within the sustained swimming speed of that species. Tahlar@arizes velocity
measurements taken at the falls crest. The minimum velocity (atiba3evas 8.30 ft/s,
which exceeds the sustained swimming speeds of steelhead traDhiamodk and coho
salmon in excellent condition (4.6 ft/s and 3.4 ft/s, respectivelyndtuburst swimming
speeds of 26.5 ft/sec (steelhead) and 22.4 ft/sec (Chinook and coho) for these species.

Therefore, the total vertical distance to be leaped would neesl988 feet to clear both
the falls and the chute. This vertical distance exceeds thiadecapabilities of Chinook
and coho salmon in excellent condition. Although steelhead trout in eéxicetindition
have the ability to exceed the vertical component of the bacoeasideration must be
given to the horizontal component. In this instance, the barrier ia weittical falls for
steelhead, so the absolute vertical leap height does not apply.

Horizontal Distance

As mentioned above, the lip of the falls immediately above the ploogleis only 4.3 ft
above the plunge pool WSE; however, there is no resting or landing zaitebke at top
of this falls. Measured velocities (Table 8) exceed the sstaswimming speeds for
steelhead trout and Chinook and coho salmon in excellent condition (as ishdalles
3 and 4), but not the burst speed of either species. If these fish lageconsidered in
poor condition, then velocities exceed both the sustained and burst spekdpedias.
In addition, the water is fully entrained with air, reducing the ppnleffectiveness of
the fish’s tail and the effective capabilities of the fishhisTpotential compound barrier
consists of a falls and complex chute. Although the total lengtthisfbarrier is
approximately 55 ft in length, the portion of interest extends frontaise of the falls to
the crest elevation immediately above the chute. This portion of the barriet i®26. f
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Table 8
Velocities (ft/s) at the Lip of
the Falls at Measured Flows

Lower Lake

Creek Flow | Velocity (ft/s)
11 cfs 8.30
25 cfs 13.47
46 cfs 10.8"
142 cfs 10.5%
308 cfs 12.39

" Measurement not at same
location due to safety concerns
and lack of purchase to take
measurements

At all the flows observed, the creek has stayed within the bedr@rknehat the falls,
and there is not an alternative channel for migration (Figure 4).

Chute Conditions

Under all flow conditions that were evaluated, the upper half ofctiige is steep and
very narrow. Flow conditions in the chute ranged from measured tve$oof 7.9 ft/sec

at low flow to 14.08 ft/sec at middle flow. Velocities at thellsfpows were also
measured, but velocities were not able to be measured in thelseatiens due to
excessively high velocities, water highly entrained withamd lack of safe access to the
same locations. Velocities were so high at the high flow thgtdbeld not be effectively
measured. This is a good indication that the chute slope of 41% stelep to be
considered for swimming conditions (Powers, personal communication, Nevels,
2006). However, using Equation 1 in Powers and Orsborn (1985), velocities would
approach 25.3 ft/s using a Manning’s n of 0.030 (Table 9).
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Table 9
Velocities (ft/s) in the Main Portion of the
Chute at Measured Flows

Lower Lake

Creek Flow Velocity (ft/s)
11 cfs 7.9
25 cfs 14.08
46 cfs N/A
142 cfs 13.67
308 cfs 14.48

Not measurable; Velocity calculated from
Equation 1 estimates peak of 25.36 ft/sec
% Not measured at same location as 11 and 25
cfs due to safety concerns and lack of good
purchase.

Swimming speeds are predicated upon having depth of at least 1.@rfe®pring
Chinook salmon and 0.4 feet for steelhead trout and coho and fall Chinook salmon
(Powers, personal communication, November 18, 2006) and there being noaameent

in the water. In this chute, water is approximately 0.4 — 0.5rfedpth and the water is
completely entrained with air (see photos Appendix A-2 and -3; Bx@;G2 and -3).

The steepness of the chute as well as the high veloc#re®e observed in Appendix
photos A-4; B-3, and C-4. This portion of the chute is significantlseaohed (Figure

5). The chute is too steep for passage by swimming and that dbmesviay Powers
indicate fish attempting to pass will most likely leap (Powpessonal communication,
November 18, 2006).

None of the conditions required for fish to migrate this chutedsemt at this location.
The depth of the water in the chute is less than 1.0 ft, which woulgteezivimming
effectiveness. The water is totally entrained with air (#e@o C-2). Further, Powers
and Orsborn (1985) state that any waterfall that is steep enouatcélerate flow to
violent white water should be considered a total barrier to @wstriéish passage.
Because of these high chute velocities (> 9 ft/s), thoseHahsticcessfully navigate this
barrier would do so by leaping (Pat Powers, personal communicatavgnitber 18,
2006). Velocities measured at the main portion of the chute aréhias steelhead burst
speed at all flows evaluated if the steelhead are in excebewiition; Chinook and coho
salmon burst speeds are greater than the velocities measthiedaav and middle flows,
but are less than the velocities calculated at the higHeaseeflow measurement. Given
the high velocities, fully air-entrained water, and depth, passage thtbeghute would
be highly problematic and would cause significant delays. #radondition value of 0.5
were used, this would be a barrier to all species of concerndleggmof entrained air or
turbulence (Pat Powers, personal communication, November 18, 2006).
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Crest Conditions

The crest of this barrier is approximately 7.2 ft in width. Agerarest velocities were
somewhat lower than those velocities noted in the chute and ranged B8dt/s to 7.0

ft/s (Table 10). These velocities are less than the burst sfesteelhead trout and
Chinook and coho salmon in excellent condition. Depths were sufficiepa$siage at all
flows noted (i.e., they exceeded the minimum depth of 1.0 ft required ftreas

passage). Figure 6 shows the cross-sectional profile of teg wrkich can also be
viewed in Appendix Photos A-4, B-3, C-4, and D-3 and D-4.

Table 10
Velocities (ft/s) at the Crest at
Measured Flows

Lower Lake

Creek Flow | Velocity (ft/s)
11 cfs 4.84
25 cfs 7.59
46 cfs 7.0Y
142 cfs 10.96
308 cfs 11.48

Y"Measurement not at same
location due to safety concerns

Powers offers this analysis of the barrier at RM 1.03 (persooalmeinication,
November 18, 2006):

“From the profile it appears for a single fish to pass at low floey would need

to:

1. Leap 4 feet from a 5.5 foot deep plunge pool and land in a velocity of 8.3
fps
Seems passable for adult steelhead, coho and Chinook salmon

2. Swim up a 9 foot long 11% chute with a water velocity of 7.9 fps
As long as the depth is 0.4 feet or greater should be passable

3. Enter into a 1.3 foot pool or pocket (turbulent with white water)

If this is accurate, | have seen spring chinook (15 Ibs.) do this at Shepard

Falls on the Wind River and then keep swimming.
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4. Change direction and either swim up a 44% slope with velocities in the 9
fps range with a depth of 0.5 feet, or leap a vertical distance of 5 feet with
a horizontal of 12 to 13 feet.

Given the slope of 44% | feel this is too steep to be consideredta to

swim up. So passage would have to by leaping from the shallow pool. A
steelhead leaping at 60 degrees could just make it to the crest, but given
the shallow pool depth the leaping ability would be reduced. At higher
flows when you get a depth of 2 to 3 feet, steelhead could likely Ppass.
Coho this would be a barrier. Also, the complexity of the plan view turn
would likely reduce leaping capability.

5. Swim 10 feet at a slope of 15% reaching a water velocity of 4.8 fps.

Seems passable if fish could reach this point, given that from Figure 10
(Powers and Orsborn) a steelhead could swim over 60 feet in this
condition. Note: If you used a CFC of 0.5 it would be a barrier
regardless of entrained air and turbulen¢g&mphasis added]

Conclusion: The barrier at RM 1.03 is a barrier to Chinook and coho salmon, regardles
of condition. If a ¢of 0.5 is used for steelhead, this would be a barrier to upstream
migration.

3.4  Falls and Chute at RM 1.95 and Passage Analysis

This barrier would be classified as a complex falls/chute. Botfponents are analyzed
below in Sections 3.41 and 3.42.

3.4.1 Falls at RM 1.95

There are four major falls that constitute the front facehisf barrier; over 80% of the
flow goes directly over the falls rather than coursing througlchige. All of the falls
are comprised exclusively of bedrock. Most of this water goes Falls A and B,
which have vertical components of over 25 feet (Figures 7 and 8). Eharemall,
narrow step mid falls, but the water is highly turbulent and shdllesg than 1 foot at all
flows that were measured, not allowing for good fish exit conditiofise exit pools at
the base of these falls are shallow, oriented tangentially ttallseand highly turbulent
and entrained with air, therefore making for poor fish exit zamgliions. The vertical
component of both of these falls exceeds the leaping abilityf ahadromous species,
even steelhead in excellent condition. Photos of these falls cseehan Appendices E-
1; F-1; G-1; H-1, and H-3.

Falls C and D also approach 25 feet in height (see Figures 9 argh@i@ontain much
less water than Falls A and B. Falls C has less wad@rthe other falls. Similar to Falls
A and B, the exit pools at the base of these falls are shallbented tangentially to the
falls and highly turbulent and entrained with air, therefore matkiadish exit zone poor.
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The vertical component of both of these falls exceeds the leagigy of all
anadromous species, even steelhead in excellent condition. Photos délilkesan be
seen in Appendices E-2; F-1; F-2; G-1 - G-3, and H-1 — H-4.

3.4.2 Chute at RM 1.95

On the backside of the falls is a vertical chute that extendsvar160 ft from a barrier
falls at the downstream entrance until it joins the fallhattop (see Appendix E Photo
3). Total vertical rise from the barrier cascade to the tdpeothute is 25 ft; however,
the most significant portion of the barrier stems consists df2Bdt section from the top
where the falls and chute diverge downstream to Transect 1, Wieerdope exceeds
23% (Figure 11). The chute consists exclusively of bedidodte: Powers, based on
the slopes, these are too steep to be considered chutes. Looking &rtipassage over
a falls the drops exceed all capabilities of fish (personal communicéNiovember 18,
2009)].

EESC analyzed the entrance to the chute as well as six teepparsects along the chute,
from where it enters the shallow run on the downstream end to itei@ocd with the
falls at the top of the barrier. Transects 1 through 5 aresepaive of chute conditions
downstream from the divergence of the waters from the chute dagdtfahsect 6 is
where the falls and chute converge, and provides a wider, shallower, slower \agleaity
Information on each transect is given below. Hydraulic data watected at transects
and flows when feasible; at the higher release flows and thél®ps, safety and highly
variable conditions precluded complete data sets. No data wergtewlten the chute at
the spill flows of 130 cfs and 300 cfs due to access and safety concerns.

Descriptions below address characteristics of each tranbémte pictures of the chute
can be found in the Appendices at Photos E-5 ad 8; F-6, 9 and 11; and G-6 and 8.

Entrance to Chute

Photos E-4, F 4-5 and G4 show the barrier at the entrance to theathaseflow (5 cfs)
and middle and high releases (15 and 42 cfs, respectively, as atkasthie Lower Lake
Creek gage). The cross sectional profile is shown in FigureTh2. barrier would be
described as a high gradient cascade, with a height of apptekiisb ft. The entrance
pool downstream is shallow, with depths of less than 1 ft at eflsored flows (see
Figure 12). Although the current configuration of the cascadesbarrier due to the
presence of LWD which occupies the water column and above the casifaities

organic material were to be flushed out, passage would be possible at this location.

Transect 1
Transect 1 consists of bedrock and is located at the lower end dfuteeabout 40 feet
above the cascades described immediately above. Photos of tssctréor base,

middle and high flows of 5 cfs, 15 cfs and 42 cfs as measurée &btver Lake Creek
gage can be found in Appendix Photo E-6, F-5, and G-5, respectively.
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Mean depths at the base, middle and high release flows ranged front 8.0428 ft.
Measured velocities at these measured flows ranged from 7.88 fsl15.47 ft/sec
(Table 11). Depths are below the minimums required for fish passabéhis transect
would preclude upstream passage due to depth, turbulence and velotiteesmatasured
flows. .

Transect 2

Transect 2 consists of a bedrock chute and is located upstreaansedt 1. Photos of
this transect for base, middle and high flows of 5 cfs, 15 cfs ands4a ¢cheasured at the
Lower Lake Creek gage can be found in Appendix Photo E-7, F-7, and G-7, respectively.

Mean depths ranged from 0.24 ft to 0.39 ft. As the flows increased, velocitiésr atszk

and the depth of the water decreased from the middle to high floweampsof the
hydraulic jump caused by the slope and velocities (see Appendix HhGtasd G-7 for
comparison). Mean depths are below the minimum required for passage for the dheasure
flows, and increased velocities would preclude upstream passdge anhsect (Table

11).

Transect 3

Transect 3 is a continuation of the bedrock chute that is represented in TanBactos

of this transect for base, middle and high flows of 5 cfs, 15 cfs awfs4% measured at
the Lower Lake Creek gage can be found in Appendix Photo E-9, F-8, @hd G
respectively.

Mean depths of this transect ranged from 0.16 ft to 0.22 ft at the fho@asured. A
hydraulic jump occurs on the transect at the middle releageaihd moves downstream
of the transect at the high flow; as a result, the depth of the water deCatdlse transect
at higher flows as the velocity increased. Maximum velocdiethe transect ranged
from 9.93 ft/sec at base flow, to a measured velocity of 14.58 fitsde high release
flow; however, the chute was fully entrained with air, reducing abeuracy of the
velocity measurement (Table 11). In addition, higher velocitia® wbserved in the
center of this transect, but measurements could not be obtainedvel®biy given for
the release flow of 35 cfs, therefore, is an extremely conservativeagstim

Extremely high velocities coupled with high gradient, shallow dethd entrained air
would preclude passage at this transect.

Transect 4
Transect 4 is a further continuation of the long bedrock chute andatet upstream of
Transect 3 and is a shallow, fast chute. Photos of this ttafiosdmmase, middle and high

flows of 5 cfs, 15 cfs and 42 cfs as measured at the LowerQdek gage can be found
in Appendix Photo E-10, F-10, and G-10, respectively.
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Mean depths at the measured flows ranged from 0.09 ft to 0.22 ft, wkimoma depths
ranging from 0.19 ft to 0.44 ft; measured maximum velocities rafrged 8.55 ft/sec at
the base flow to an estimated 16 — 20 ft/sec at the high refleas€a current meter
would not hold to take an accurate measurement at this flow; howel@ities were
measured at over 12 ft/sec at the middle flow; Table 11).

Extremely high velocities, coupled with very shallow depths, wouddlpde successful
passage of this part of the chute.

Transect 5

Transect 5 is a shallow, bedrock run located near the upper end diutee @At higher
flows, this transect broadens out and becomes highly turbulent amihedtmwith air.

Photos of this transect for base, middle and high flows of 5 cfsfsland 42 cfs as
measured at the Lower Lake Creek gage can be found in Appendix Phbid-H2, and
G-11, respectively.

Mean depth varied from 0.60 ft to 0.71 ft at the flows measured; howbeenater was

so turbulent it was difficult to take accurate WSE measuresragrthe high flow release.
This transect, unlike the 4 below, had a deeper pocket, where maxdenths reached

1.2 feet. Velocities ranged from 5.58 ft/sec at the low flow to 6/38dtat the middle

flow release. The water was so entrained with air at iddlenflow release that accurate
velocity measurements were not possible; the 4.91 ft/sec wasdarestimate (Table
11).

This transect was deep enough that fish could physically pagsothts However, given
the slope and highly entrained velocities at the measured flowsageassould be
problematic, if not impossible, especially for fish in poor condition.

Transect 6

This transect represents the top of the bedrock barrier where flows divestright bank
down the chute or spill over the falls. Photos of this transect && thaw, middle and
high flows of 5 cfs, 15 cfs and 42 cfs as measured at the LowerQralek gage can be
found in Appendix Photo E-12, F-13, and G-12, respectively.

This transect is much wider than the others and has variabde suaface elevations due
to the uneven nature of the bedrock at this point. Mean depth range.#0 ft — 0.65
ft, with maximum depths measured up to 1.54 ft at a release fl@8 ofs. Maximum
velocities ranged from 5.36 — 7.60 ft/second (Table 11). There isisntfdepth for
passage of all species at the range of flows measured, aneltdwties would not
preclude passage for fish in good condition at this point.
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Table 11
Summary of Hydraulic Information on Transects
Evaluated on the Chute at RM 1.95
Flow at Lower Lake Cr.

Transect 5c¢fs| 15cfs 42 cfs
1 | Max Depth 0.2 0.2 0.3
Mean Depth 0.04 0.6 0.23
Max Velocity | 7.98 11.05 15.47

2 | Max Depth 0.28 0.5 0.39
Mean Depth 0.24 0.39 0.34
Max Velocity | 8.65 13.24 14.65

3 | Max Depth 0.2 0.27 0.23
Mean Depth 0.16 0.22 0.19
Max Velocity | 9.93] 14.02 14.58

4 | Max Depth 0.19 0.28 0.44
Mean Depth 0.09 0.14 0.22
Max Velocity | 8.55 12.51| 16-20*

5 | Max Depth 1.2 15 1.74
Mean Depth 0.6 0.6 0.71
Max Velocity | 5.58 6.21 4.91*

6 | Max Depth 1.05 1.3 1.54
Mean Depth 0.44 0.6 0.65
Max Velocity | 5.36 6.39 7.60

SECTION 4: CONCLUSIONS

Based upon the results of this analysis, the compound falls/chuier lzd RM 1.03 on
Lake Creek is an impassible barrier to upstream migraticanémromous fish at the
flows examined if a €of 0.5 is used for steelhead trout. Regardless of condition factor,
this chute is a barrier to Chinook and coho salmon.

Based on the slopes, all routes over the barrier at RM 1.96@steep to be considered
chutes. Looking at them for passage over a falls the drops eaite@agbabilities of fish
(Powers, personal communication, November 18, 2006). This is a barridt to a
anadromous salmonids that could be present in Lake Creek and the uppér Rosli,
regardless of condition.

Although anadromous spawner surveys conducted in 2004 through 2006 are not
conclusive, the results are consistent with the surveys on Lakk. Gaé® Chinook and
coho salmon have been observed migrating and spawning in Lake Creéedpawhing
activity has been documented below RM 1.03, although several of thegysextended
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upstream to the barrier at RM 1.95 (Energy Northwest 2006). Thh ofd ake Creek
above RM 1.03 and below the barrier at RM 1.95 also lacks spawningasedsbf
proper size. The first substantial amounts of suitable spawningatelssior anadromous
salmonids occur approximately 100 yards below the barrier at RM 1.@hindok redd
was found at the site of this gravel bar, and no spawningitadbas been observed
upstream of this site.
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Figure 1. Leaping curves for steelhead trout
(From Powers and Orsborn 1985; Figure 7)

Figure 2. Leaping curves for Chinook and coho salmon
(From Powers and Orsborn 1985; Figure 8)
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Figure 5. Chute Cross Sectional Profile - Middle Se  ction
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Figure 7. FallsA at RM 1.95
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Figure 9. Falls C at RM 1.95
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Figure 11. Horizontal Profile of Chute at RM 1.95
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Figure 12. Bed and WSE for Transect 1, Chute atRM  1.95
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Figure 13. Bed and WSE for Transect 2, Chute atRM  1.95
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Figure 14. Bed and WSE for Transect 3, Chute atR M 1.95
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Figure 15. Bed and WSE for Transect 4, Chute at RM  1.95
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Figure 16. Bed and WSE for Transect 5, Chute at RM  1.95
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Figure 17. Bed and WSE for Transect 6, Chute are R M 1.95
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COMPOUND FALLS/CHUTE AT RM 1.03

LOW FLOW PHOTOS
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Photo 1. Plunge pool and lip of falls at middle flow.

Photo 2 Chute at low flow.
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Photo 3 Mid chute complex, low flow.
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Photo 4. Top of chute, low flow.
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APPENDIX B-1

COMPOUND FALLS/CHUTE AT RM 1.03

MIDDLE FLOW PHOTOS
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Photo 1. Plunge pool and lip of falls at middle flow.

Photo 2. Mid chute at middle flow.
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Photo 3. Top of chute at middle flow.
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APPENDIX C-1

COMPOUND FALLS/CHUTE AT RM 1.03

HIGH FLOW PHOTOS
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Photo 1 Plunge pool and lip of falls at high flow.

Photo 2 Lower part of chute, high flow.
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Photo 3 Chute at high flow.

Photo 4 Top of chute at high flow.
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APPENDIX D-1

COMPOUND FALLS/CHUTE AT RM 1.03

SPILL FLOW PHOTOS

130 and 300 cfs
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Photo 1. Chute at RM 1.03 at a release flow of 130 cfs.

Photo 2. Chute at RM 1.03 looking downstream at a release flow of 130 cfs.
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Photo 3. Chute at RM 1.03 at a release flow of 300 cfs.

Photo 4. Chute at RM 1.03 at a release flow of 300 cfs.
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APPENDIX E-1

FALLS AND CHUTE AT RM 1.95

BASE FLOW PHOTOS
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Photo 1. Falls A and B at baseflow.

Photo 2 Falls C and D at base flow.
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Photo 3 Split between Falls and Chute at baseflow.

Photo 4. Bottom end of chute/entrance at baseflow.
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Photo 5. Lower end of chute at baseflow.

Photo 6. Chute Transect 1 at baseflow.
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Photo 7. Chute Transect 2 at baseflow.

Photo 8. Between Chute transects 2 and 3 at baseflow.
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Photo 9. Chute Transect 3 at baseflow.

Photo 10. Chute Transect 4 at baseflow.
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Photo 11. Chute Transect 5 at baseflow.
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Photo 12. Chute Transect 6 at baseflow.
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APPENDIX F-1

FALLS AND CHUTE AT RM 1.95

MIDDLE FLOW PHOTOS
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Photo 1.Falls A — C at 17 cfs release.

Photo 2. Falls D at 17 cfs release.
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Photo 3. Bottom end of chute/entrance at 17 cfs release.

Photo 4. Chute entrance at release flow of 17 cfs.
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Photo 5. Chute Transect 1 at a release flow of 17 cfs.

Photo 6. Lower Chute Transects at a release flow of 17 cfs.
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Photo 7. Chute Transect 2 at a release flow of 17 cfs.

Photo 8. Chute Transect 3 at a release flow of 17 cfs.
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Photo 9. Chute between Transects 2 and 3.

Photo 10. Chute Transect 4 at a release flow of 17 cfs.
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Photo 11. Chute between Transects 3 and 4 at a release flow of 17 cfs.

Photo 12. Chute Transect 5 at a release flow of 17 cfs.
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Photo 13. Chute Transect 6 at a release flow of 17 cfs.
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APPENDIX G-1

FALLS AND CHUTE AT RM 1.95

HIGH FLOW RELEASE PHOTOS
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Photo 1. Falls A — C at release flow of 35 cfs.

Photo 2 Falls D at a release flow of 35 cfs.
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Photo 3. Falls D and Chute at a release of 35 cfs.

Photo 4 Entrance to chute at a release flow of 35 cfs.
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Photo 5. Chute Transect 1 at a release flow of 35 cfs.

Photo 6. Between Chute Transects 1 and 2 at a release flow of 35 cfs.
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Photo 7. Chute Transect 2 at a release flow of 35 cfs.

Photo 8. Between Chute Transects 2 and 3 at a release flow of 35 cfs.
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Photo 9. Chute Transect 3 at a release flow of 35 cfs.

Photo 10. Chute Transect 4 at a release flow of 35 cfs.
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Photo 11. Chute Transect 5 at a release of 35 cfs.

Photo 12. Chute Transect 6 at a release flow of 35 cfs.
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APPENDIX H-1

FALLS/CHUTE AT RM 1.95

SPILL FLOW PHOTOS

130 and 300 cfs
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Photo 1. Falls at RM 1.95 at a release flow of 130 cfs.

Photo 2. Falls D and Chute at RM 1.95 at a release flow of 130 cfs.
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Photo 3. Falls A — C at RM 1.95 at a release flow of 300 cfs.

Photo 4. Falls B — D at RM 1.95 at a release flow of 300 cfs.
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Photo 5 Falls D at RM 1.95 at a release flow of 300 cfs.
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Final Appendix B - Hall Creek and Snyder Creek Fish Bgss

FINAL

HALL CREEK AND SNYDER CREEK
FISH PASSAGE

SECTION 1: INTRODUCTION

The Packwood Lake Hydroelectric Project (Project) includefirade channel that crosses over
Snyder and Hall creeks. The goal of this study was to estailblthe tailrace channel impacts
fish migration and channel connectivity, and to establish whetheaitrace channel is a barrier
to fish and/or has a negative impact on channel connectivity.

1.1 Project Operation

Lake Creek is located at the outlet of Packwood Lake and floweetoorthwest approximately
5.3 miles to the upper Cowlitz River where it enters at approgisn&iver Mile (RM) 129.2.
Water used to produce power for the Project is diverted from LakekCat approximately
elevation 2857 ft MSL and delivered to the powerhouse at about elevation tLOB3Lf
Generation water is returned to the upper Cowlitz River viali@da channel which carries
water about 6,700 ft from the powerhouse to where it joins the @oRiler at approximately
RM 125.2.

Both Hall Creek and Snyder Creek cross under the tailraed=(gare 1). Snyder Creek enters a
vertical drain in a stilling basin on the upstream side of theada; it exits via a horizontal
culvert encased in concrete on the downstream side into a smallat@ashed to a channel that
eventually drains into Hall Creek. The tailrace flume is sudpe for 360 ft over Hall Creek,
which passes underneath the flume in a marshy area.

SECTION 2: METHODS

EES Consulting, Inc., on behalf of Energy Northwest, surveyed S&réek and Hall Creek in

the immediate vicinity of the tailrace channel and flume in 2004thé case of Hall Creek, the
span under the flume was measured (vertically and horizontallyBrfgder Creek, the drain,
grate, upstream and downstream water surface elevations, andtrdewnsontrol were

surveyed. Photographs were taken of both areas.
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Figure 1 — Snyder Creek and Hall Creek Stream Crossings

B-2




Final Hall Creek and Snyder Creek Fish Passage

SECTION 3: RESULTS
3.1 Hall Creek

EES Consulting, Inc. surveyed passage at both the upstream and dawrstte of the flume
where it crosses Hall Creek. Upstream of the flume, HakekCrenters a marsh and extends
laterally for over 50 feet. Hall Creek passes under theefluma 36-ft section where depths
range between 2.5 ft and 3.1 ft. At the time of the survey, Hiervgurface elevation of Hall
Creek was the same as the bottom of the flume. The calculaadiader the flume at this
location was approximately 10G,f(36 ft in widthX average depth of 2.8 ft). Even if the water
depth were to increase so that it backed up onto the flume, there siidibe 100 ft of passage
with relatively evenly-distributed, laminar flow under the flurtreere would not be any velocity
barriers. In addition, there were other areas where HakkCpassed under the flume with
clearance. Photos 1 and 2 portray the flume where it spans ha&k.CiFigure 1 shows the
location of Hall Creek relative to the project powerhouse and tailrace.

Photo 1. Hall Creek Upstream of Flume
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Photo 2. Hall Creek downstream of tailrace flume

3.2 Snyder Creek

Snyder Creek originates from Snyder Lake and entersgtiaatlatrain on the upstream side of the
tailrace (see Figure 1). The drain is covered by a gratie openings as large as 9.6Xr6 in.
At the time of the survey, the grate was covered with 1.23 ft of water (see Photos 3 and 4)

Photo 3. Drain at Snyder Creek, upstream side of tailrace.
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Photo 4. Drain and stilling well on Snyder Creek, upstream side of tailrace

Below the grate, the creek drains vertically 4.65 ft before comgeetith a concrete-encased
culvert which extends across and underneath the tailrace. dtee surface elevation on the
upstream side (i.e., above the drain) was only 0.27 ft higher than thetdsammsside of the
drain; a riffle immediately downstream of the culvert opensdhe hydraulic control for the
opening (see Photos 5 and 6). Figures 2 and 3 show the Snyded@ieek plan and profile

view, respectively.

Photo 5. Riffle acting as control for pool, downstream side of tailrace
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Photo 6. Downstream entrance of culvert on Snyder Creek, below tailrace

Figure 2 — Snyder Creek Plan View Drawing
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Figure 3 — Snyder Creek Profile View Drawing

Currently, most of the culvert is filled with sediment passing down Snydek@rel through the
grate. Only the top 6 — 8 inches is currently clear and all Bodrected towards the top of the
opening. A deep pool exists immediately downstream of the crossihg hydraulic control
0.16 ft below the downstream water surface elevation.

SECTION 4: DISCUSSION

4.1 Hall Creek

Hall Creek is passable at all flows. The area that Bedek drains is extremely low gradient.
Hall Creek tends to inundate a wide area laterally. Howedall Creek does have a main
channel and its thalweg, where it crosses under the tailtaoe fis over 3.0 ft in depth on the
date of the survey. With a cross-sectional area of fQ@hk opening under Hall Creek can
easily accommodate fish passage at much higher flows withodingr@ay velocity barriers to
fish under these conditions. The natural resource agencies haverggeesvhether or not the
flume prevents recruitment of large wood from upper to lower Bedek. Consultation with
Energy Northwest personnel indicates that they have never obsargedaood resting on the
upstream side of the flume.

4.2  Snyder Creek

The openings in the grate upstream of the flume vary in size thatlargest ones measuring 9.6

in X6 in. Openings of this size would probably allow passage of coho salmon. Given the size of
Snyder Creek, it is unlikely that Snyder Creek would support Chinook salmon.

Energy Northwest has agreed to survey the Snyder Creek veragalusing methods described

in Section 5.2.2 of the Fish Passage Barriers study for tleemelng of the Packwood Lake
Hydroelectric Project (Energy Northwest 2005).
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SECTION 5: CONCLUSION

In conclusion, the tailrace flume does not impede fish passagellaCi¢ek. Fish passage is
currently undetermined in Snyder Creek.
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