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SECTION 1: INTRODUCTION

In accordance with the Cowlitz River Project settlemenéament of August 10, 2000,
anadromous fish are being reintroduced into the upper Cowlitz River d@mvier,
Mossyrock, and Cowlitz Falls dams via the trap-and-haul of adults. tafget species
under this agreement are Chinook and coho salmon and steelhead troutun Sea
cutthroat trout are also transported and released above the daynsf(CGacoma 2000).
With this reintroduction strategy, there is the potential for tlspseies to utilize lower
Lake Creek. Because there are no current data on speciesgiddither lower Lake
Creek or the tailrace slough, Energy Northwest requestecEatConsulting conduct
electrofishing, snorkeling, and/or spawner surveys to verify tesepce and relative
abundance of anadromous salmonids as well as rainbow trout, cutthroataimquriey,
and sucker (EES Consulting, 2005).

An integral part of the Lake Creek instream flow studw iphysical habitat survey of
Lake Creek in its entirety. A probable anadromous barrier (dt 28alls) exists at
RM 1.95 and has been noted by the USDA Forest Service (1995) and Wi20t=).
Lucas (WDFW 1992) also identified this as the probable end of anadrofisbus
distribution and cited three independent surveys to support his conclusitudingaa
WDFW foot survey, and surveys conducted by Bryant and Kray.

EES Consulting noted a chute/falls complex that has the potentlz @ barrier to
upstream migration of anadromous fish at RM 1.03. Energy Northwiesbnsultation
with EES Consulting, the tribes and natural resource agencies,sgiddhe feasibility of
analyzing this chute against established, published criteria andhgrglits potential as
an anadromous barrier. This report summarizes the results of that evaluation.

Three anadromous fish species that would attempt to migrateampstrd_ake Creek are
spring Chinook and coho salmon and steelhead trout. Chinook and coho salmon have
been observed spawning below the chute/falls complex in 2004; sttélbethave not

been seen to date (latest survey July 12, 2005).

SECTION 2: METHODS

EES Consulting surveyed the falls/chute complex at RM 1.03 at slegggrate flows in
2004. Lake Creek flows are regulated by the Packwood Lake HgdtoelProject plus
additional accretion from tributaries downstream. Measuremeate taken of the
barrier at base, middle, and high calibration flows for the LaleelCinstream flow
study.
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Cross sectional measurements were taken at lip (crest) ddltbiehute, in the middle
section of the chute, and near the top of the chute. The longitudinalk pobfihe

falls/chute complex was surveyed using a Topcon auto level and siddaad 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 survergatiemt breaks along
the thalweg of the profile. Although measurements were not takery évot, they

adequately defined the longitudinal profile for purposes of this analysis.

Detailed photographs and a video were taken of the falls/chute coatpliexvs of 46
cfs, 25 cfs and 11 cfs as measured at the downstream gagee§&£a8 cfs, 13 cfs and
3 cfs at the outlet structure, respectively). Velocitiesewiaken at the falls crest, mid-
channel in the chute, and near the top of the chute.

2.1  Survey of Potential Barriers

There are numerous boulder cascades, turbulent cascades, multgplanth chutes

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

EES Consulting in 2004. A chute/falls complex located at RM 1.03heagatential to

preclude upstream passage of anadromous salmonids. This chuteaivased by EES
Consulting for Energy Northwest.

Upstream passage potential was analyzed for steelhead hespdcies with the greatest
leaping ability among the anadromous fish present in the upper Z&®iker system, as
well as Chinook and coho salmon, which are known to utilize Lake Coeedpéwning.
The barrier was analyzed according to its height, horizontalndestglunge pool exit
conditions, crest depth and velocities, landing zone conditions and chutetiegloci
ranging from flows of 3 cfs to 33 cfs as released from tlogepr drop structure (i.e.,
flows at the barrier from approximately 11 — 46 cfs). EES Canguthen used the
criteria established in Powers and Orsborn (1985), including leapitity,alo assess
passage, as agreed to in consultation with the agencies and tribes.

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. J4tRSO) noted turbulence
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&gtors influencing

the fish entrance, passage and exit zones are summarized belove atetinzed from
Powers and Orsborn (1985). Additional information was obtained from R2 @amtsul

and Ichthyological Associates, Inc (2000).
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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 impactingstielow pool,
prevent a good takeoff, a relatively low fall my act as a todalier (Powers and Orsborn
1985). In addition, air bubbles are created by the mixture of aiwatet as the falling
water impacts the surface and entrain large quantities of \When this occurs, the
leaping height attained by fish attempting to leap the barsiemiuch less than the
recorded maximum at other passable falls because of the redtreetian flow (Stuart
1964). As stated in R2 Consultants and Ichthyological Associae§2000): “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 diffideaping
conditions for fish. A shallow plunge pool will also result in the fation of the
standing wave further downstream of the falls.” This results in degreaping distance,
since fish usually leap from the standing wave towards the bargst. In addition, the
air bubbles created by the falls under these conditions grestlyce 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 leagdgions
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 lentyié foh
attempting to pass (if the depth less than length of fish, propulsiverpdish's
tail may be reduced for leaping).

Stuart (1964) also states that the depth of the plunge pool should be at least 1.25 times the
falls height in order to create optimal leaping conditions faln.fi Any waterfall that is

steep enough to accelerate flow to violent white water should be considetabbatrier

to upstream fish passage (Powers and Orsborn 1985).

Fish Passage Zone

Analysis of Falls

One type of passage barrier is a falls. When the change er watface elevation
between pools exceeds the leaping height of the species in qudbkgoralls is
considered a barrier. For Pacific salmon and steelhead, thestoglhaulated leap from a
level pool is 10.9 ft for steelhead. Falls where a change ierwsatface elevation is in
excess of 11 ft can be considered a barrier (Powers and Orsborn B386¢ Crawford
(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
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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, 2005).

In many cases, the actual distance the fish must leap iglgtean the vertical drop
between pools. Unless the water is falling vertically, sometotal 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 > the heighfishecan leap, it is an
elevational barrier.

2. If the change in water surface elevation < the height thechashleap, two
analyses can be conducted:
a. If the horizontal distance from the crest to the standing wdaizontal

leap at the highest point of the leap, it can either be passalde or
horizontal distance barrier.

b. If the horizontal distance from the crest to the standing waa@izontal
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:

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 and comelgifieen Powers and

Orsborn (1985), assuming that plunge pool requirements, landing condnmagpth of
flow are sufficient.
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Table 1. Chute conditions, given that plunge pool requirements, landing
conditions, and depth of flow are sufficient (Powers and Orsborn 1985).
Condition Result
1 If the Velocity of the water > Fish speed Velocity Barrier
2 The velocity of the water < fish speed
Length of the slope > distance the fish cBistance/velocity
swim barrier
Length of the slope < distance the fish cRassable
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. The differential elevation and water velocities are within ghemming and
leaping capabilities of the species in question.

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

3. Fish will be attracted to the area of highest momentum (flax@locity) when

migrating upstream; therefore, if multiple paths are preientfish may try to
ascend the one with the highest attraction which will be creagtatiebhighest
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 mbithe
waterfall that carried the bulk of the flow; here fish were ablmtye to a lateral
area of reduced flow (H. Beecher letter to L. Vigue, WDFW, April 1, 2005)].

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 barrier in question at RM 1.03, Powers and Orsk&88) (would
consider it a compound barrier, consisting of both a falls and a chute.

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 represémheight a fish must leap in
order to reach the top of the falls, and was calculated by stibirabhe water surface
elevation (WSE) of the plunge pool at each flow from the cresagtsm 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).
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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 distaagebe relatively
short, such as at falls where water free-falls down to the plpogkebelow. However,
many bedrock waterfalls and most boulder cascades possespls 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 horizonté@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 priyeehselves 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 gtbatethe depth
of the fish (generally considered to be 1.0 ft for steelhead).
2. The velocity where the fish lands should be within the range ofuitaiised

swimming speed for the species in questipNote: Dr. Beecher qualifies this
statement: “Leaping fish can often be swimming in air during a leap.y Tey
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 classificagon 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).

2.1 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 2):

Table 2. Fish Condition ¢} (from Powers and Orsborn (1985).
Cic 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
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Figures 1 and 2 (Figures 7 and 8 in Powers and Orsborn 1985) showagpting lability of

steelhead trout and Chinook and coho salmon witi . G0 and

0.75, respectively. Table

3 shows the leaping and swimming capabilities of steelhead trout in excgtiedt(from

R2 Consultants and Ichthyological Associates, Inc 2000)

and poor cmsditifable 4

gives the leaping and swimming capabilities of Chinook and coho sdmoom Powers

and Orsborn 1985). Njote: per agency consultation with P. Powers, WDFW, fish

condition should no longer be considered a factor influencing the ability oihzosabr
trout to negotiate a barrier, since the biological urge to spawn may ovethr@physical

condition of the fish. As a result, the tables and figures are
but are not used in the subsequent ana)ysis

retained wihldes < 1.0

Table 3. Leaping and swimming capabilities foretead trout in excellent
(bright) condition. Leaping and performance valaesume that no air is entraingd
in the water (sources: Powers and Orsborn 1985 B#90). Table from RZ
Consultants and Ichthyological Associates, Inc 00
Description Excellent
Condition
Cis =1.00
Maximum Height, 80 Trajectory 10.8 ft
Maximum Horizontal Distance, 8T rajectory 8 ft
Maximum Height, 60 Trajectory 8.0 ft
Maximum Horizontal Distance, 6 rajectory 19 ft
Maximum Height, 40 Trajectory 4.5 ft
Maximum Horizontal Distance, 40 rajectory 22 ft
Maximum burst swimming speed 26.5 ft/s
Maximum prolonged swimming speed 13.7 ft/s
Maximum sustained swimming speed 4.6 ft/s
Maximum swimming distance, water velocity = 10dt/s 83 ft

Table 4. Leaping and swimming capabilities for mi@iik and coho salmon in
excellent (bright), Leaping and performance valagsume that no air is entrained|in
the water (sources: Powers and Orsborn 1985; Be1L
Description Excellent

Condition

Cis = 1.00
Maximum Height, 80 Trajectory 7.6 ft
Maximum Horizontal Distance, 8T rajectory 5 ft
Maximum Height, 60 Trajectory 5.8 ft
Maximum Horizontal Distance, 80 rajectory 13 ft
Maximum Height, 40 Trajectory 3.2 ft
Maximum Horizontal Distance, 4T rajectory 15 ft
Maximum burst swimming speed 22.4 ft/s
Maximum prolonged swimming speed 10.8 ft/s
Maximum sustained swimming speed 3.4 ft/s
Maximum swimming distance, water velocity = 10dt/s 62 ft

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 swiing 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).

SECTION 3: RESULTS AND DISCUSSION
3.1 Fish Condition

EES Consulting has observed many anadromous salmonids in both LakeaQuletble
tailrace slough during 2004 (Chinook and coho salmon; see Lake Creek $Sauwey
report (EES Consulting, 2005) for details. All fish observed would baea classified
as G; 0.50 (poor) in that they already had been in the river a longantdrucked to the
Skate Creek Bridge in Packwood; all were in spawning colors or tgaoh e fungus-up;
with many of them physically deteriorating; and all were or within a mile of the
spawning grounds. Fish condition, per agency consultation with P. PowarBeiV,
should be excluded from the analysis. As a result, all spedieBenanalyzed as if in
excellent condition (¢ 1.00).

3.2 Description of Potential Barrier

This potential barrier is classified as a compound falls and cancplge. The barrier is
composed completely of bedrock. It has a total height (wateacguelevation [WSE] of
the plunge pool to WSE of the crest) of 9.32 ft as measured at thitolewelease with
an average gradient in the chute of over 41%. The upper half of thisrbsra very
steep, narrow, twisting chute with measured velocities at the enildaV release of over
14 ft/s. The water is very shallow in the chute (< 0.4 ft), ity ®emtrained with air, and
changes direction at the base, and there is a curved alignnitet ciute (Appendix A
Photo 3). There is no resting area in the chute, nor is thereea fplafish to re-orient
themselves before attempting to swim or leap the chute. Atae observed, there is
only one possible route through this compound barrier, although the clsuteddow
streams. At higher flows, the hydraulics of the chute may &hamggure 3 shows the
bed profile and various WSEs of this barrier.

3.2 Passage Analysis

Photos of the chute at low, middle and high flows are included in ApgeEndi, B and C
respectively.

Plunge Pool

Exit conditions for steelhead trout and Chinook and coho salmon can bderedsjood
at all flows (see Photo 1 in each of the Appendices A, B and @houwgh 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 5). Severallesniish
(approximately 12" in length) were observed attempting to jump msofalls, but were
not successful.
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Table 5. Depth of plunge pool at measured
flows

Flow Depth (ft)

Low 5.54

Middle 5.81

High 6.02

Vertical Distance

Steelhead salmon with.00 would be able to leap 10.8 ft at arf 8fgle (the angle
with the highest leap; Powers and Orsborn 1985). Steelhead hawelissgved leaping
12 ft at Kalama Falls. Chinook and coho salmon leaping in excellenitioongould be
able to achieve a leap of 7.6 ft since the lip of the falls idiately above the plunge
pool is only 4.3 ft. All species would be able to leap these falls.

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 available at the top of this
falls. The water is fully entrained with air, reducing thepuision effectiveness of the
fish’s tail, reducing the effective speed of the fish. As defimgdPowers and Orsborn
(1985), a good fish landing (i.e., exit) zone would have velocities wherésh lands

within the sustained swimming speed of that species. Table 6 swremaelocity
measurements taken at the falls crest. The minimum velocity (atibagevhs 8.30 ft/s,

which exceeds the sustained swimming speeds of steelhead traDhiaoedk and coho
salmon in excellent condition (4.6 ft/s and 3.4 ft/s, respectivelyndtuburst swimming
speeds of 26.5 ft/s (steelhead) and 22.4 ft/s (Chinook and coho) for these species.

Therefore, the total vertical distance to be leaped would neezlaB8 feet to clear both
the falls and the chute. This vertical distance exceeds thi@deeapabilities of Chinook
and coho salmon in excellent condition. Although steelhead trout in @xicetindition
have the ability to exceed the vertical component of the bacoasideration must be
given to the horizontal component.

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 zalablavat the
top of this falls. Measured velocities (Table 6) exceed thaisest swimming speeds
for steelhead trout and Chinook and coho salmon in excellent condition (as show
Tables 3 and 4), but not the burst speed of either species. Theisvidy entrained
with air, reducing the propulsion effectiveness of the fish’'s &mitl the effective
capabilities of the fish. The only way for fish to make it phstfalls and the chute would
be to leap the horizontal distance from the plunge pool at the botttira béarrier to the
top of the barrier (explanation of chute characteristics are given below).

This potential compound barrier consists of a falls and complex chitteough the total
length of this barrier is approximately 55 ft in length, the partf interest extends from
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the base of the falls to the crest elevation immediately ath@vehute. This portion of
the barrier is 26 ft long. This value exceeds the maximum dragk leaping distance
(assuming a 40eap) of 22 ft for steelhead trout in excellent condition and theénmen
horizontal leaping distance for Chinook and coho salmon of 15 ft in excellent condition.

Table 6. Velocities (ft/s) &
the lip of the falls a
measured flows.

—

Flow Velocity (ft/s)
Low 8.30

Mid 13.47

High 10.8"

Y Measurement not at same
location do to safety concerns

At the flows observed, the creek has stayed within the bedrock chantied &alls.
Observations of higher flows have not yet occurred to determtheri is an alternative
channel for fish 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 vetoeft7.9 ft/s at
low flow to 14.08 ft/s at middle flow. Velocities were so highheg high flow that they
could not be effectively measured. However, using Equation 1 in Pandr©rsborn
(1985), velocities would approach 25.3 ft/s using a Manning’s n of 0.030 (Table 7).

Table 7. Velocities (ft/s) in
the main portion of the chute
at measured flows.

Flow Velocity (ft/s)
Low 7.9

Mid 14.08

High 25.36’

Not measurable; Velocity
calculated from Equation 1.

As stated in Powers and Orsborn (1985), swimming speeds are peddiqain having
depth of at least 1.0 feet for salmon and steelhead and thagernweair entrained in the
water. In this chute, water is approximately 0.2 — 0.4 feet in dapththe water is
completely entrained with air (see Appendix A, Photos 2 and 3; App@&)dPhoto 2;

and Appendic C, Photos 2 and 3). The steepness of the chute aaswib# high
velocities can be observed in Appendix A, Photo 4; Appendix B, Photo 3, and Appendix
C, Photo 4. This portion of the chute is significantly entrenched (Figure 5).
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None of the conditions required for fish to migrate this chutedsemt at this location.
The depth of the water at the chute is less than 1.0 ft, so ttie fiedy is partially
uncovered which reduces swimming effectiveness and the wateally £ntrained with
air (see Appendix C, Photo 2). Further, Powers and Orsborn (1988&)tlstatany
waterfall that is steep enough to accelerate flow to violelmtewwater should be
considered a total barrier to upstream fish passage. Becaugesaf high chute
velocities (> 9 ft/s), the fish would ascend this barrier lapileg (Powers and Orsborn
1985). However, there is no zone within the chute that would alloghddileap (depth
of water inadequate; fully air-entrained water; turbulent wivier associated with high
velocities). The fish would need to leap from the plunge pool at tleediabe falls to
the crest elevation, a distance (26 ft) and height (9.3 ft) outsideapimg ability for all
salmonids, including steelhead in excellent condition. Velocitiessared at the main
portion of the chute are less than steelhead burst speed lainalldvaluated; Chinook
and coho salmon burst speeds are greater than the velocities mesdstmedow and
middle flows, but are less than the velocities calculated dtigest flow measurement.
Given the high velocities, fully air-entrained water, and depth, gagbaough the chute
would be highly problematic.

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 8). These velocities exceed the sustained swinspegds of steelhead trout

and Chinook and coho salmon in excellent condition while being less than the burst speed
for these species. Depths were sufficient for passagel #iowbs noted (i.e., they
exceeded the minimum depth of 1.0 ft required for upstream passageye Fishows

the cross-sectional profile of the crest, which can also be view&gdpendix A, Photo 4;
Appendix B, Photo3; and Appendix C, Photo 4.

—

Table 8. Velocities (ft/s) &
the crest at measured flows.

Flow Velocity (ft/s)
Low 4.84

Mid 7.59

High 7.0

Y Measurement not at same
location do to safety concerns

SECTION 4: CONCLUSIONS

Based upon the results of this analysis, the compound falls/chute barrier at RM 1.03 on
Lake Creek may be considered an impassible barrier to upstream migvation t
anadromous fish at the range of flows examined. However, higher flows have not been
evaluated at this location and ambiguities regarding the most applicablaa#duse
uncertainty in this assessment. Energy Northwest has proposed a plannedratease f
the drop structure in spring 2006 pending coordination with the power schedules and
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potential impacts to anadromous fish. This release flow cannot be fully cahtrolle
however, a flow of approximately 100 cfs will be released if sufficienbuslenter
Packwood Lake.

Energy Northwest recommends that final resolution of the status of this potenied ba
be deferred until an additional observation at the higher release flow cardbe mahe
interim, the criteria used to determine whether this is a potential baiitieewefined.

Although anadromous spawner surveys conducted in 2004 and 2005 are not conclusive,
the results are consistent with the surveys on Lake Creek coddiactdate. Both
Chinook and coho salmon have been observed migrating and spawning in Lake Cree
All spawning activity has been documented below RM 1.03, although sefetiaé
surveys have extended upstream to nearly the previously-acknowlbdgest at RM

1.95 (EES Consulting 2005). The area above RM 1.03 also lacks spaubstcates of
proper size, with the first substantial suitable substrates npfadxamately 100 yards
below this location. A Chinook redd was found at the site of this glzasmland no
spawning activity has been observed upstream of this site.
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Figure 1. Leaping curves for steelhead trout
(From Powers and Orsborn 1985; Figure 7)
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Figure 2. Leaping curves for Chinook and coho salmon
(From Powers and Orsborn 1985; Figure 8)
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Figure 3. Falls/Chute Complex Long. Profile atRM  1.03
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Figure 4. Mouth of Chute Profile
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Figure 5. Chute Cross Sectional Profile - Middle Se  ction
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APPENDIX A

COMPOUND FALLS/CHUTE AT RM 1.03

LOW FLOW PHOTOS



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

COMPOUND FALLS/CHUTE AT RM 1.03

MIDDLE FLOW PHOTOS



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

COMPOUND FALLS/CHUTE AT RM 1.03

HIGH FLOW PHOTOS



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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