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1.0 INTRODUCTION

Energy Northwest operates the Packwood Lake Hydroeleatrjed® (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. taddil studies of the potential
effects of drawdown on lake tributaries and other natural resousresrequested to supplement
information contained in the PAD (WDFW 2005, USFS 2005).

Energy Northwest, in consultation with tribes and agencies, @ga@land implemented a study
to evaluate the potential effects of drawdown on tributaries ¢kvirebd Lake as part of Project
operations (EES Consulting 2005a). This report provides results fotréaensconnectivity in
Packwood Lake tributaries.

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 imitake canal, a concrete
drop structure (dam) and intake building on Lake Creek located about 42ib¥aestream from
the outlet of Packwood Lake, a 21,691-foot system of concrete pipe andsfum®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 meanewela(MSL), about
1,800 feet above the powerhouse. Water discharged from the Projdeasedeto 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 apptelim9.2 square miles.
The Project seasonally regulates the lake level so thaiait El. 2,857.0 ft £0.50 ft in summer
recreation months and drawn down to no lower than EIl. 2,849.0 ft MSL duringither
months. This provides 8 ft of vertical storage usable by the®rojThe Project is operated to
achieve a lake elevation of 2,857 +0.50 ft by May first of each. y&ars level is maintained
until September 15 when drawdown may begin. When lake levelalige® the drop structure
crest elevation (El. 2858.52 ft), the flow passes over the drop structiorelake Creek
downstream of the lake. The influence on lake level exerted by the Projeptaogienately one-
half inch per hour at maximum capacity (260 cfs), assuming no infldws effect can be easily
reduced or offset by large inflows.
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Figure 1.1. Project Location
(source Energy Northwest 2004)

1.1.2 Study Area

The study area encompasses the channels of tributaries todeackake from El 2846 ft MSL
and a distance up each tributary until a permanent grade contr@otmggal nick point is
encountered with the exception of Upper Lake Creek and Mueller CreelJpper Lake Creek
and Mueller Creek, the study area extends 300 feet upstreamhieampper limit of headcutting
(limit of headcutting based on a field evaluation of the channel twondas described in
Section 3 and Castro 2003). Tributary streams included in this study are (Figure 1.2)

Osprey Creek

Trapp Creek

Small tributary Southeast of Trapp Creek
Mueller Creek

Upper Lake Creek

Crawford Creek

Beaver Bill Creek
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Beaver Bill Creek was not surveyed in detail because thekpbject-related headcutting on
Upper Lake Creek ended downstream of this tributary. Howeveoanmaissance of Beaver
Bill Creek was made to investigate reports of downcutting. $usieys are being conducted in
Beaver Bill Creek under the Fish Distribution and Species Comno&tudy and results will be

included in that report.

Figure 1.2. Tributary Streams to Packwood Lake Showing Limits of Incisiorand
Permanent Grade Control Features

1.1.3 Report Synthesis

The fisheries reports that were submitted to the agenciasei2006 and early 2007 are closely
related and provide supplemental data that are useful to completiryerall objectives of the
associated studies. Energy Northwest submitted a synthesisirepone 2007 that synthesized
the findings from the various fisheries investigations into a single document.

2.0 STUDY GOALS AND OBJECTIVES

The goal of the study is to evaluate the connectivity of Packwod@ L@butaries to the
reservoir considering the seasonal drawdown and fluctuating weétrofethe reservoir and the
erosive potential of the stream channel and reservoir shoreline.
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The objective of this study is to determine if the periodic drawdofueservoir water surface
elevation between 2857 ft MSL and 2849 ft MSL modifies aquatic conrgcéind transport
potential to the tributaries of Packwood Lake. The study evaltleesapacity of the channels
to pass fish, transport sediment, and provide functional habitat for aquatic organisms.

3.0 METHODS

Tributary streams were evaluated for evidence of channel inci@otentially related to
drawdown of Packwood Lake) and the potential for fish passage probfemsr@sion in the
drawdown zone. A reconnaissance evaluation of each of the six tyilsitaams was made
during field visits on September 28-29, 2005 and July 10-12, 2006 to assess indicators of channel
incision. Following the reconnaissance evaluation, a topographic sofvegch stream was
made. The September field survey was conducted during drawdowackiébd Lake (at
approximately El. 2850 ft MSL) and included the area of each trjpstegam in the drawdown
zone. A supplemental field visit to upper Lake Creek and BeavérCBdek with USFS
personnel (Karen Thompson) and a botanist (Kathy Smayda of Smaydeorithental
Associates, Inc.) occurred on October 25, 2006. The tributary stmgarasre-visited in July
2007, following the November 2006 high flow event to check for changes fr@mitial survey
resulting from the high flow. Indicators of channel incision wesseased upstream of full pool,
the streams were re-photographed, and the lower several hundred ¢eeh dftream were re-
surveyed using the laser level to check for changes in thalweg profile.

The reconnaissance evaluation consisted of walking each streamaup$tom the confluence
with Packwood Lake and noting channel geomorphology and any indicators of charsiehinci

1. Headcuts or nick points — vertical drop or off-set in the channel bed

2. Channel incised into floodplain

3. Young terraces

4. Steep, unstable and eroding stream banks as a result of channel incision

5. Deposition of large masses of sediment in a widened channel gdosaiized channel
braiding and instability of stream banks

6. Reduced pool frequency

7. Riparian or floodplain vegetation indicators —dead, dying or loss ofiaipaegetation

due to lowering of shallow aquifer or inundation by braided or aggrading channels
8. Upland plant species encroaching into floodplain.

The topographic survey of each of the six streams in the drawdownnasnmade during the
September field visit using a laser range finder, rod, and tape.topographic survey of each
stream above the drawdown zone was made using a Topcon lasetripwd|, and stadia rod
with an attached laser sensor. Vertical measurements vegte to the nearest hundredth of a
foot and horizontal stationing was made to the nearest foot. A tapestwung longitudinally
along the stream channel to measure distance from the moutharédie and additional tapes
were strung across the channel to measure the cross sedttioal af any terraces, the stream-
side edge of the floodplain, bankfull, water's edge, and thalwegtesrdine channel widths and
depths. Spacing between each cross section station was appriyxdnatéankfull widths
(approximately 50 feet apart in smaller tributaries and 100afesrt in Lake Creek and Mueller
Creek). Transects were chosen to be representative of channeloceniditareas with evidence
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of channel incision, and were placed at relatively uniform spaciogstream reaches to avoid
sampling bias.

The topographic survey extended upstream until a permanent gradel congeologic nick
point was encountered, or in the case of Upper Lake Creek and Mrgigk,@nore than 300 feet
upstream of the point where field evidence indicated the channelavascised. Dominant and
sub-dominant substrate sizes were noted based on a visual assedssubstrate size at each
cross profile section, and digital photographs were taken.

The survey information was entered into an Excel spreadsheet, ahtbyset the longitudinal
profile of each tributary across the drawdown zone and upstream sliraes@ and to plot
channel cross section profiles at each station and determinedveett! bankfull widths and
depths. Note that the floodplain and bankfull elevations are not includstafmms within the
Packwood Lake drawdown zone on the longitudinal profiles since teatkges are not present
within the drawdown zone.

During the field reconnaissance and surveying of Upper LakekCamd Mueller Creek,
geomorphic and vegetation evidence indicated that the area hachamore complex history of
aggradation and vegetation change than could be depicted by a simplaphpogurvey of the
creeks. It was hypothesized that the current creek conditions lseudde in part to the high
sediment load from upstream glaciers, the past glacial histotlge valley (wide, U-shaped
valley) and the relatively low gradient of the stream. Hist@erial photographs (9/6/58,
7/19/73, 7/20/94, 8/9/98) of the stream valley were obtained from the USB&tFService, the
University of Washington map library, and Terraserver.com and usdodokoat timing of
vegetation and geomorphic changes in the valley.

40 RESULTS AND DISCUSSION

Packwood Lake is situated in a glacially carved, U-shapedyvifigure 1.2). As a result, the
majority of small tributaries entering from the sides of #mervoir (e.g., Trapp Creek, tributary
SE of Trapp, Crawford Creek) are steep to the confluence with Badkhake (Figure 4.1).
Osprey Creek, a larger stream, enters on a gentler bench, amdderate gradient for
approximately 1,000 feet upstream of the lake before encounteringtebp valley wall. In
contrast, Upper Lake Creek and Mueller Creek flow into the headaiw®od Lake through the
floor of the broad, U-shaped valley. Mueller Creek and Upper Cakek have a very gentle
gradient for approximately 1.5 miles upstream of Packwood Lake,dtregtually increase in
gradient as they continue upstream. Average gradients of eaain stver the length surveyed
are:

Osprey Creek — 2-5% (2% gradient for first 400 feet; then gradient increases)

Trapp Creek — 9%

Small tributary Southeast of Trapp Creek — 15%

Mueller Creek — 1%

Upper Lake Creek — 1%

Crawford Creek — 4%
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All tributaries to Packwood Lake except Upper Lake Creek havendvaater, rainfall, and
snowmelt as their source. Upper Lake Creek includes runoff seweral glaciers on Old
Snowy Mountain, resulting in relatively higher summer flows and a much highenesgdoad.

Figure 1.2 shows the permanent grade controls and upper limits of dotemtent Project-
related incision noted in the field for each tributary as discussthe following sections. Fish
distribution is currently being determined under the Fish Distributimh$pecies Composition
Study, and the limits of fish distribution will be presentedhat treport. Information on each
stream follows.
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o
©
>
Q
uw 2,900
2,850 f—n
¥ Max. Lake Drawdown
2,800 T T T T T T T T
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‘ ———0sprey- - - Trap ——Trib SE of Trap Ck—— Muller ----Lake Creek Cranord‘

Figure 4.1. Longitudinal Profile of Tributary Streams to Packwood Lake
(Source: USGS Topographic Maps)

4.1 Osprey Creek

Osprey Creek enters Packwood Lake on the western shore. Avgeatjent over the survey
reach is 4%; gradient increased from 2% in the lower 400 ée&f4 in the upper 300 feet
surveyed. A permanent grade control consisting of a major lavgd j@am complex was located
between 796 and 835 feet from the mouth. Photos of the creek are included in Appendix A.

Figure 4.2 shows the surveyed longitudinal profile of the thalwegers’ edge, bankfull, and
floodplain along with the 2007 surveyed thalweg. Figure 4.3 shows theswosonal profile of
these same stream indicators at each station from downsweapstteam. All cross sectional
profiles are plotted on the same graph to show relative width, deptleleration. Figure 4.4
shows the upstream change in bankfull width and depth. Table 4.1 lists dominant/subdominant
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Figure 4.2. Longitudinal Profile of Osprey Creek
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Figure 4.3. Cross-Sectional Profiles of Osprey Creek (2006)
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Figure 4.5. Substrate in Osprey Creek (2006)
Substrate was visually estimated as dominant/subdornhsubstrate and is shown graphically by assgytiie dominant substrate a value of 2-5 (siltaRds3,
gravel=4, cobble=5) and sub-dominant substratduewaf 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gl&0.75, cobble=0.9). The dominant and subdominant
values were summed to produce a single numeritaé\that was graphed.

10
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Table 4.1. Substrate, Thalweg Depth, and Notes from Osprey Creek (2006)

Upstream Dom'”"?‘“" Thalweg

station (ft subdominant depth (ft) Comments

substrate

-100 Sand/sand 2.46 Drawdown lake level (water depth in lake)
-95.7 Sand/gravel 0.48

-89 Gravel/gravel 0.12

-77.2 Gravel/gravel 0.66

-76.3 Gravel/gravel 0.66

-66.8 Gravel/gravel 0.8

-62 Gravel/gravel 0.34

-60.7 Gravel/gravel 0.21

-53.2 Gravel/gravel 0.52

-51 Gravel/gravel 0.76

-41.4 Gravel/cobble 0.98

-39.9 Sand/gravel 0.28

-37 Sand/gravel 0.39

-31.4 Gravel/sand 0.54

-30.7 Gravel/cobble 0.5

-23 Gravel/gravel 0.37

-8.5 Gravel/gravel 0.37

0 Gravel/sand 0.1 At full pool lake level

21 Gravel/sand 0.58

69.5 Gravel/sand 0.32

113.3 Gravel/sand 0.4

192 Gravel/sand 0.3

275 Sand/gravel 1.2

387 Gravel/sand 0.4

485 Gravel/cobble 0.2 Valley walls closing in

597 Gravel/cobble 0.4

671 Gravel/cobble 0.5

761 Gravel/cobble 0.3

Permanent grade control — very large woody
796 to 835 debris complex (too big to be washed out by
this size stream)

substrate noted at each upstream station, thalweg depth at ¢hef tine survey, and notes from
the field survey on stream characteristics relative to chaimeedion. Substrate is shown
graphically on Figure 4.5. Water depths within the drawdown zonespfe® Creek ranged
from 0.10 ft — 0.98 ft (Table 4.1). Mean water depth in the drawdown zone was 0.44 ft.

Current Channel Condition and Risk of Future Headcutting

The Osprey Creek channel had the following characteristics and indicatdvanwfel incision:

11
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Headcuts — There were no headcuts observed.

Substrate changes/deposition zones — The channel upstream of Packweadsak
dominantly gravel except for station 300 (sand/gravel).

Incised channel/bank erosion — Figure 4.2 shows that the Osprey chiawtel is
graded to the high lake level and does not show evidence of thalwegudtomgc
below the normal high lake level. This suggests that downcuttmgdtaoccurred.
However, the bankfull depth is higher in the lower 113 feet of chanrselltirey in
lower width:depth ratios); this could be an indicator of incision possibéyto lake
fluctuations, but also possibly due to the stream cutting througtilutsal fan to

the lake level. The channel appeared visually similar folloviivey November
2006 high flow event (Appendix A). There was minor (0.5 foot or less)
downcutting at the mouth and between stations 200-300 with aggradatiorefetwe
station 50-100 and upstream of station 350. Bankfull depths showed sienlds.tr
Bankfull widths were generally wider following the peak flowleefing removal

of streamside vegetation and deposition in the channel.

Riparian/upland vegetation changes — Riparian vegetation was intact, and upla
species were not encroaching into floodplain.

Osprey Creek will continue to cut down through its delta depositsidriawdown zone during
low lake levels. Downcutting will result in sediment transpiaoirf the upper delta area into the
lower delta in the lake. There could be very minor local ineseas turbidity during the
downcutting; the majority of sediment exposed in the delta iseawd sand which does not
contribute to increased turbidity. The channel across the delta will be wide dodisha

There is a low to moderate risk of future headcutting in the @<preek channel upstream of
Packwood Lake. Osprey Creek has a larger watershed, and thereferédlow than many of
the small tributaries to the lake. The channel substratémsupy gravel and sand, which could
be moved during large storms. However, during peak flows necessaryde the channel, the
lake fills rapidly, limiting the potential for channel degrada (see discussion in Section 4.7).
The limited extent of current channel incision upstream of Pagliw.ake, even following the
large November 2006 storm, and low risk of future headcutting posesrekowf future loss of
aguatic, riparian, or terrestrial habitat.

4.2  Trapp Creek

Trapp Creek enters Packwood Lake on the western shore. Aveealjengin Trapp Creek is
9% over the length surveyed. The section of Trap Creek surveyegdehgeomorphic form of
an alluvial fan; numerous old channel features were found acrosarthiegom former creek
positions. A very large woody debris complex is located 296 feet the mouth of the creek
and is a permanent grade control. Photos of Trapp Creek are included in Appendix A.

Figure 4.6 shows the surveyed longitudinal profile of the thalwegers’ edge, bankfull, and
floodplain along with the 2007 surveyed thalweg. Figure 4.7 shows theswosonal profile of
these same stream indicators at each station from downsweapstteam. All cross sectional
profiles are plotted on the same graph to show relative width, deptlelaration. Figure 4.8
shows the upstream change in bankfull width and depth. Table 4.2 lists dominant/subdominant
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Figure 4.6. Longitudinal Profile of Trapp Creek

13



Final Report Stream Connectivity in Packwood Lakiédtaries Study

Energy Northwest Packwood Lake Hydroelectric Piojec

July 2007 FERC No. 2244
Trapp Creek
2890 PP
+
2885
2880 - 4\.\'/'/;7 —+
2875 ¥—— Ko
< 2870 v A~
> TN X
L -\‘\‘-\‘/‘/‘
2865
2860 w
K_/ﬂ
2855 A =—————=—————-— et sl ——— B=—p e =TT
2850 ‘ ‘ ‘ ‘
0 10 20 30 40 50 60
Sta (ft)
- —-31 —a—19 o—41 A— 96 — 140 —x—210 —+— 260
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Figure 4.9. Substrate in Trapp Creek (2006)

Substrate was visually estimated as dominant/subdornsubstrate and is shown graphically by assgytiie dominant substrate a value of 2-5 (siltaRds3,
gravel=4, cobble=5) and sub-dominant substratduewaf 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gl&0.75, cobble=0.9). The dominant and subdominant
values were summed to produce a single numeritaé\that was graphed.
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Table 4.2. Substrate, Thalweg Depth, and Notes from Trapp Creek
Upstream Domlnqnt/ Thalweg
station (ft subdominant depth (f) Comments
substrate

-125 Sand/gravel 2.0 Drawdown lake level (water depth in lake)

-100 Gravel/gravel 0.1

-80 Gravel/gravel 0.1

-46 Gravel/cobblg 0.1

-25 Gravel/cobblg 0.2

0 Gravel/cobble 0.1 Full pool lake level

41 Gravel/cobblg 0.2

96 Gravel/cobblg 0.2

140 Gravel/cobblg 0.3

210 Gravel/cobblg 0.5

260 Gravel/cobblg 0.2
Permanent grade control — very large woody

296 debris complex (too big to be washed out by this
size stream)

substrate noted at each upstream station, thalweg depth at ¢hef tine survey, and notes from
the field survey on stream characteristics relative to chaimeedion. Substrate is shown
graphically on Figure 4.9.

Water depths within the drawdown zone of Trapp Creek ranged fromft0-10.30 ft (Table
4.2). Mean water depth in the drawdown zone was 0.16 ft.

Current Channel Condition and Risk of Future Headcutting

The Trapp Creek channel had the following characteristics and indicators of cinarsieh:

Headcuts — There were no headcuts observed.

Substrate changes/deposition zones — The channel upstream of Packweadsak
dominantly gravel/cobble.

Incised channel/bank erosion — Figure 4.6 shows that in 2006, the Tragip Cre
channel was graded to the high lake level and did not show evidencdveggha
downcutting below the normal high lake level. This suggests that dativiichad

not occurred. However, the channel cross sections at Station 19 areldEeper

and narrower than upstream cross sections (Figure 4.7); this coald ibdicator

of incision although it is not likely since bankfull width:depth indicatdosnot
suggest incision and channel substrate is consistent throughout the dérige
surveyed reach. Trapp Creek had changes throughout its lengitvifgll the
November 2006 peak flow event. Between stations 100 and 250 feet, thel channe
widened and deepened (Figures 4.6 and 4.8). Downstream of station 70, the
channel filled with gravel, and a large delta formed at the mouttegbool level
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during the peak flow (Appendix A). While the widening and deepening could be
related to the lower lake level at the beginning of the peak #went, visual
observations suggest that it was due to several log jams washiagcdabundant
sediment moving into the reach from the upper watershed (Appendix A).
Riparian/upland vegetation changes — Riparian vegetation was intact, and upla
species were not encroaching into floodplain.

Trapp Creek will continue to cut down through its delta deposits inltd&down zone during
low lake levels. Downcutting will result in sediment transpatf the upper delta area into the
lower delta in the lake. There could be very minor local inesas turbidity during the
downcutting; the majority of sediment exposed in the delta is cataegravel which do not
contribute to increased turbidity. The channel across the delta will be wide dod/sha

There is a low to moderate risk of future headcutting in tla@ ICreek channel upstream of
Packwood Lake. Trapp Creek has a small watershed, and thenefited flows. The channel
substrate is primarily gravel and cobble, which could only be moved duenglarge peak
flows such as the November 2006 event. During peak flows necessapd®the channel, the
lake fills rapidly, limiting the potential for channel degrada (see discussion in Section 4.7).
The Trapp Creek channel is an alluvial fan between the lake andchdbth of the canyon
(approx. station 300). In this geomorphic setting, channel changesodaring peak flow
events, similar to the changes seen following the November peakeflent that washed out
several of the smaller log jams and resulted in channel incisrongh the sediments stored
upstream of the jams. The low to moderate risk of future Progéated headcutting poses a low
risk of future loss of aquatic, riparian, or terrestrial habitat.

4.3  Small Tributary Southeast of Trapp Creek

A small tributary southeast of Trapp Creek (referred to a®fSEHapp) enters Packwood Lake
on the western shore. This tributary also has the geomorphic foam afuvial fan with old
channel features across the fan from former creek positionsperfanent grade control
consisting of a geologic nick point/waterfall is located 213 fieeh the mouth. Photos of SE of
Trapp Creek are included in Appendix A.

Figure 4.10 shows the surveyed longitudinal profile of the thalwegrsvatdge, bankfull, and
floodplain along with the 2007 surveyed thalweg. Figures 4.11a and 4.11b shawdke
sectional profile of these same stream indicators at eattbrstrom downstream to upstream.
All cross sectional profiles are plotted on the same graph to sklatwe width, depth, and
elevation. Figure 4.12 shows the upstream change in bankfull width ard diegdtle 4.3 lists
dominant/subdominant substrate noted at each upstream station, tdaptlegt the time of the
survey, and notes from the field survey on stream characternistais/e to channel incision.
Substrate is shown graphically on Figure 4.13.

Water depths within the drawdown zone of tributary SE of TraglCranged from 0.05 ft —
0.30 ft. Mean water depth in the drawdown zone was 0.2 ft.
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Figure 4.10. Longitudinal profile of SE of Trapp Creek
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Figure 4.11 a. Cross-Sectional Profiles of SE of Trap Creek (2006)
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Figure 4.13. Substrate in SE of Trap Creek (2006)
Substrate was visually estimated as dominant/subdornsubstrate and is shown graphically by assgytiie dominant substrate a value of 2-5 (siltaRds3,
gravel=4, cobble=5) and sub-dominant substratduewa 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gl&0.75, cobble=0.9). The dominant and subdominant
values were summed to produce a single numeritaé\that was graphed.
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Table 4.3. Substrate, Thalweg Depth and Notes from SE of Trapp Creek (2006)
Upstream Domlnqnt/ Thalweg
station (ft subdominant depth () Comments
substrate
-32.7 Sand/gravel 0.2 Drawdown lake level
-21.5 Sand/gravel 0.05
0 Gravel/cobble 0.25 Full pool
25 Cobble/gravel 0.1 Inci§e(_j to approx. station 50, then large log jam —
not incised upstream from jam
72 Gravel/sand 0.6
124 Gravel/sand 0.3
175 Gravel/sand 0.6
213 Permanent grade control — geologic barrier,
waterfall

Current Channel Condition and Risk of Future Headcutting

The SE of Trapp Creek channel had the following characteristidsiralicators of channel

incision:

Headcuts — There were no headcuts observed.

Substrate changes/deposition zones — The channel upstream of Packweadak
dominantly gravel and cobble.

Incised channel/bank erosion — Figure 4.10 shows that the SE of Trag Cre
channel is graded to the high lake level and does not show evideticalvoég
downcutting below the normal high lake level. This suggests that dtvigchas

not occurred. Field observations suggest that the channel may hesl it the
alluvial fan deposit to a large log jam at approximately @tath0; however
measurements of bankfull width and depth do not show this. FollowagQa06
high flow event, the channel incised 0.5-1 foot from the mouth to station 150.
While this may be related to a lower lake level, the strpasfile is graded to the
full pool elevation (Figure 4.10); downcutting is likely related to erosabn
sediment stored upstream of log jams that shifted during the peak flow event.
Riparian/upland vegetation changes — Riparian vegetation was intact, and upla
species were not encroaching into floodplain.

SE of Trapp Creek will continue to cut down through its delta deposttee drawdown zone

during low lake levels. Downcutting will result in sediment tpaors from the upper delta area
into the lower delta in the lake. There could be very minmallmcreases in turbidity during the
downcutting; the majority of sediment exposed in the delta is gaawdlsand which do not
contribute to increased turbidity. The channel across the delta will be wide dodisha

There is a low risk of future headcutting in the SE of Trapp IC®nnel upstream of
Packwood Lake. SE of Trapp Creek has a very small watershedhexetbte limited flows.
The channel substrate is primarily gravel, with gravel and sand apswé log jams. During
peak flows necessary to erode the channel or move the log jantakeéhils rapidly, limiting
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the potential for channel degradation (see discussion in Sectionld.@ydition, the abundant
log jams in the stream limit grade changes. The limitedgné of current channel incision
upstream of Packwood Lake and low risk of future headcutting posesrakoof future loss of

aguatic, riparian, or terrestrial habitat.

4.4 Mueller Creek and Upper Lake Creek

Mueller and Upper Lake creeks flow in a wide glacial vallpgtream of Packwood Lake. Their
geomorphic histories are intertwined, much like their present channels.eMOgdek has a very
gentle gradient (1%), and in fact only flows for approximately 1-Infiles upstream of
Packwood Lake under the present valley configuration. Some time prid©938, aerial
photographs show that the Upper Lake Creek channel split approxirBatelgs upstream from
Packwood Lake (at the point where the valley narrows) and flowedhi@topper Mueller Creek
channel. Upper Lake Creek continued for approximately 1 mile in thepger Muller Creek
channel on the southern side of the valley, then flowed north acrosallie and joined the
northern Upper Lake Creek channel, continuing along the northern side oflidge vahis
condition continues to the present day, with Upper Lake Creek oguailiof the large sediment
load from the upstream glacier and upper watershed and the majbtitg water from the
valley. Mueller Creek carries flow from only a small portadrthe southern slope of the lower
valley under current conditions, and relatively little sediment load.

The field reconnaissance of the Upper Lake Creek and Muellek @alley suggests that there
are multiple areas of historic large-scale sediment acctionda Field evidence included:
multiple, large stands of even-aged alders with no other treesp@esent, 2-3 feet of silt/clay
overbank deposits burying large downed logs (under the even-agedtafts) sand stands of
dead or dying large cedars (2-4 ft dbh) caused by inundation bglgmad sand deposits. A
sequence of historic aerial photographs was examined to try tondetethe extent and age of
these features (Figure 4.14).

General vegetation patterns that could be indicative of geomorphigehavere mapped from
the aerial photographs. There are several stands of maturdreedanear the mouths of Upper
Lake Creek and Mueller Creek, and also along the northeastern andpapiseof the valley.
The two large areas of alders (A and B) were present as yaders (area A) and a more open
meadow (area B) on the 1958 aerial photographs. These areas\stlemce of large-scale
inundation by sediment in the past; the aggradation in these ikedgddrced the path of Upper
Lake Creek and the former upper Mueller Creek drainages to theeasitrn edge of the valley.
Field reconnaissance of the stream channels through the @dds shows that the streams are
cutting through these deposits to re-establish grade. Cutbankssa dheas reveal 1-3 feet of
small gravel and silty/sandy overbank deposits underlain in somesplgcalowned logs
(Figure 4.15 and Appendix A).
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Figure 4.14. Geomorphology and Vegetation Patterns in Upper Lake Creek/Muell Creek Valley
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Gravel has continued to move down the Lake Creek channel, and fielch@visieggests that
recent large flow events have continued to result in aggradation lembing vegetation
patterns, but on a smaller scale. Gravel accumulations are imgndad killing some of the
large old cedars along the northeastern edge of the valieyerit Upper Lake Creek channel;
Figure 4.15) between 1,400 and 2,500 feet upstream from the lake. séieéys show at least
2 feet of sediment has buried the base of the cedar tréiegy the trees (K. Smayda, personal
communication during field visit). These areas can also be seen anotl@erecent aerial
photographs; an area of dead cedars was evident on the 1994 photos, ahdkidedntedars
just upstream were seen on the 1998 photos (following the large 1996 flow event).

The large volume of sediment (2-3 feet deep over nearly 60 atcsteam valley) and the age
of the deposit (present on pre-Project aerial photos; alders #asat50 years old based on
coring) show that this is not related to Project effects. Thecteeks are currently cutting down
through these sediment deposits as they try to reach their former strem leve

Figure 4.15. Photos of Upper Lake Creek Channel
Photos shows single-aged alder stand, recent gravel accumulations, and past sedauenilations
that killed cedars. Note: red line in lower right hand photos marks line of eatiamcumulation that
has been cut through by Lake Creek to expose cedar roots and former ground surface.
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4.4.1 Mueller Creek

Mueller Creek enters Packwood Lake from the wide valley athéwsd of the lake. A
reconnaissance of the stream was made on July 11, 2006 frdiwdeadc Lake upstream
4,600 feet. The channel appeared to be deep and incised for thewitsridred feet upstream
of the lake, then abundant log jams provided grade control and structure. Steekscttimigh
the older single-aged alder stands were present between 900-1200rfetite lake. Upstream
of that point the stream became smaller and very low gradi¢htpends and boggy areas to
approximately 3,000 feet from the lake. The stream was swithlla wide floodplain up to the
end of the survey, 4,600 feet from the lake. Photos are included in Appendix A.

The field reconnaissance suggested incision extended a few hundrag fdueller Creek;
profiles were surveyed 855 feet up the stream. Figure 4.16 shovssiriresed longitudinal
profile of the Mueller Creek thalweg, waters’ edge, bankfull, anodiplain along with the 2007
surveyed thalweg. Figure 4.17 shows the cross-sectional profilesef shene stream indicators
at each station from downstream to upstream. All cross sectional prodipted on the same
graph to show relative width, depth, and elevation. Figure 4.18 shows thgesharbankfull
width and depth. Table 4.4 lists dominant/subdominant substrate notedh stagtam, thalweg
depth at the time of the survey, and notes from the field surveyeamstharacteristics relative
to channel incision. Substrate is shown graphically on Figure Afl&ter depths within the
drawdown zone of Mueller Creek ranged from 0.2 ft — 2.6 ft. Mearemna@epth in the
drawdown zone was 1.05 ft.

Current Channel Condition and Risk of Future Headcutting

The Mueller Creek channel showed several indicators of chargigiom, some related to lake
level fluctuations and some related to pre-Project geomorphic changes:

Headcuts — There were no headcuts observed.

Substrate changes/deposition zones — Substrate in the drawdown z@velisugd
sand. Channel substrate is finer (silt/clay) between the la#teapproximately
station 400 (Figure 4.19).

Incised channel/bank erosion — The longitudinal profile of MuelleeelCr
(Figure 4.16) shows that the thalweg meets the high lake levebxamately
250 feet upstream from the mouth. This suggests that the channel isad &ic
least this far upstream. Wetted and bankfull depths (Figures 4.18.58)dare
deep up to approximately 500 feet from the mouth. Channel incisioruéiveh&s
were noted between station 900-1,200 during the reconnaissance survewr¢éhese
not related to lake level fluctuations but are a result of paiye-scale sediment
deposition in this area. There was very little change in the channetésislteof the
2006 peak flow event; 0.5 foot of channel deepening at station 75 and aggradation
at several upstream stations that correspond to the high lag&ke daxing the
November event.

Riparian/upland vegetation changes — Riparian vegetation was imtde lower
500 feet of channel, and upland species were not encroaching irftoathelain.
Upstream of approximately station 500 the even-aged stands otlalderated the
floodplain and riparian zone.
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Figure 4.16. Longitudinal Profile of Mueller Creek
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Figure 4.17. Cross-Sectional Profiles of Mueller Creek (2006)
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Figure 4.19. Substrate in Mueller Creek (2006)
Substrate was visually estimated as dominant/subdornsubstrate and is shown graphically by assgytiie dominant substrate a value of 2-5 (siltaRds3,
gravel=4, cobble=5) and sub-dominant substratduewa 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gl&0.75, cobble=0.9). The dominant and subdominant
values were summed to produce a single numeritaé\that was graphed.
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Table 4.4. Substrate, Thalweg Depth, and Notes from Mueller Creek (2006).
. Dominant/ Thalweg
Upstream station (ft) | subdominant depth (ft) Comments
substrate ep
-250 Sand/sand 2 Drawdown lake level
-200 Sand/gravel 1
-150 Gravel/sand 0.8
-100 Gravel/sand 1.2
-86 Gravel/gravel 1.2
-82 Gravel/gravel 0.4
-80 Gravel/gravel 2.5
-58 Sand/gravel 0.8
-52 Gravel/sand 1
-30 Gravel/gravel 2.6
-29 Gravel/gravel 0.7
-14 Gravel/gravel 1
-8 Sand/gravel 0.7 Below full pool
42 Sand/gravel 1.3
61 Gravel/sand 0.9
66 Gravel/sand 0.4
75 Silt/clay 1.2
150 right bank channe Silt/clay 1.2 Big old cedars in this area
150 left bank channel Silt/clay 1.2
250 Silt/sand 1.7
350 Sand/silt 2.0
450 Sand/gravel 1.3
550 Sand/gravel 1.1
650 Gravel/sand 0.6
750 Gravel/sand 1.0 Big log jam downstream of transect
855 Gravel/sand 0.7 End of survey

Mueller Creek will continue to cut down through its delta depositserdrawdown zone during
low lake levels. Downcutting will result in sediment transpiaoirf the upper delta area into the
lower delta in the lake. There could be minor local increases in turbidity dhamptvncutting;
the majority of sediment exposed in the delta is gravel and saiah wlo not contribute to
increased turbidity. Downcutting in the stream channel upstreamthe lake could entrain silt
and clay which could cause minor local increases in turbitidy. ciibanel across the delta will
be wide and shallow.

There is a low risk of future headcutting in the Mueller chanpstream of Packwood Lake. At
the present time, Mueller Creek has a small watershed windals lows. The channel substrate
consists of silt, sand, and gravel. These substrate sizes coeldded during peak flows.
However, the abundant log jams upstream of approximately station @Q0er¢he risk of
incision progressing rapidly upstream (the log jams would need talidrepted before
downcutting can occur). During peak flows necessary to erode timmethar move the log
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jams, the lake fills rapidly, limiting the potential for chanmelgradation (see discussion in
Section 4.7). There was very little downcutting during the 2006 deak(D.5 foot near the
mouth). Non-Project related downcutting through the old deposits betwaten 900-1,200
will continue during peak flow conditions.

The low risk of future project-related downcutting may affeetdljuatic, riparian, and terrestrial
habitat as follows:

Potential for lost instream and terrestrial habitat — Duringléde levels, instream
habitat in the lower 500 feet of Mueller Creek includes poolsgsiffand runs.
During full lake level, the incised portion of the channel is pool babiThere is
abundant woody debris. There does not appear to have been much ofma loss
terrestrial habitat in the past; and there is little riskmafch habitat loss in the
future since major channel widening is not occurring.

Loss of riparian vegetation — There does not appear to haverhednloss, if any,
of riparian habitat.

Downstream flooding — there is no risk of downstream flooding sincehaenel
changes are so close to the mouth.

Channel widening — there is limited past channel widening (onlyostdtb0 is
wider than upstream station). Limited future channel widening upstodathe
lake is expected. The channel in the drawdown zone will likely wadgimg the
course of each drawdown season.

Increased turbidity and suspended sediments — there is a potentidahor local
increases in turbidity during high flow events during drawdown iy @ad silt
deposits in the lower 300 feet of the stream channel are eroded.

Mid-channel bar formation due to increased sediment load — théve ipotential
for mid-channel bar formation since the eroded sediments are silt andzelay si
Decreased bank stability — there may be some local bank erosiahebsitt and
clay banks are cohesive and quite stable (stand vertically unless undercut).
Loss of wetlands — effects of drawdown on wetlands are still ungestigation
and will be reported in the Packwood Lake Drawdown Study Report.

4.4.2 Upper Lake Creek

Upper Lake Creek enters Packwood Lake from the wide vallehieahéad of the lake. A
reconnaissance of the stream was made on July 11, 2006 frdowdeadc Lake upstream
4,260 feet. The channel was deep and predominantly silty up to statiorJpS@eam of this
point there were gravel deposits in the channel, and severahtsghat provided grade control.
The channel was narrow and deep with steep banks between station 700-100@hizeven-
aged alder stands. From approximately station 990 to station 2500 timelcivas braided, full
of gravel, with gravel inundating the alders and cedars on the flondplhie large old cedars in
this area were dead but still standing, and there were yourdger sthnds developing on the
gravel accumulations. Between station 2500 and station 3400 there wasnalgradal and
large wood in the channel, with only a few areas of gravel overbankitdepddpstream of
station 3400 there was abundant wood and gravel, and the gradient increased gradually.
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The reconnaissance suggested Project-related channel incision dxtéefede hundred feet up
Upper Lake Creek; the profile was surveyed 1,460 feet up the stréamre 4.20 shows the
surveyed longitudinal profile of the Upper Lake Creek thalweg, rwasxige, bankfull, and
floodplain along with the 2007 surveyed thalweg. Figure 4.21 showgdks-sectional profile
of these same stream indicators at each station from downsteeapstream in the channel
upstream of full pool (4.21a) and in the drawdown zone (4.21b). Cross segtiofiids are
plotted on the same graph to show relative width, depth, and elevdigare 4.22 shows the
upstream change in bankfull width and depth. Table 4.5 lists dominant/sulashbreubstrate
noted at each upstream station and notes from the field survey am sth@racteristics relative
to channel incision. Substrate is shown graphically on Figure 4.23. |dPgtihs and locations
are shown on Figure 4.24. There were fewer but longer pools inrshé®0 feet of stream;
many shorter pools between station 500 and 2100, few pools between statiam@B000, and
many pools upstream of station 3000. The majority of pools wereiassbwith large wood
(either local fallen trees or buried logs) in the channel. Wiepths within the drawdown zone
of Upper Lake Creek (right channel) ranged from 0.1 ft — 0.6 ft.arMwater depth in the
drawdown zone of the right channel was 0.32 ft. Water depths withiaftrehannel of Upper
Lake Creek ranged from 0.5 ft — 1.4 ft, with a mean water depth of 0.87 ft.

Current Channel Condition and Risk of Future Headcutting

The Upper Lake Creek channel showed several indicators of chanisennsome related to
lake level fluctuations and some related to pre-Project geomorphic changes:

Headcuts — There were no headcuts observed.

Substrate changes/deposition zones — Substrate in the drawdown z@avelisugd
sand. Channel substrate is finer (sand/silt, some gravel) betiveelake and
approximately station 400 (Figure 4.23).

Incised channel/bank erosion — The longitudinal profile of Upper LaleekCr
(Figure 4.20) shows that the thalweg meets the high lake levebxapately
400 feet upstream from the mouth. This suggests that the channel isad &ic
least this far upstream. Wetted and bankfull depths (Figures 4.20.22dare
deep up to approximately 350 feet from the mouth. Channel incisioruéiveh&s
were noted between station 700-1,200 during the reconnaissance survewréhese
not related to lake level fluctuations but are a result of pres€rdarge-scale
sediment deposition in this area. The lower 250 feet of the chemumnstd up to

1.5 feet during the November 2006 event. The channel upstream of 250 feet from
the mouth had a similar profile and characteristics prior to &adtae 2006 high
flow indicating that channel changes did not propagate any farther upstream. .
Riparian/upland vegetation changes — Riparian vegetation was imtde lower
400 feet of channel, and upland species were not encroaching into fioodpla
Upstream of approximately station 550 the even-aged stands oflalderated the
floodplain and riparian zone. Several stands of large cedassimgrdated with
gravel deposits and were dead or dying between stations 1,000-2,500. These
vegetation changes were not related to Project effects.
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Figure 4.20. Longitudinal Profile of Upper Lake Creek
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Figure 4.21a. Cross-Sectional Profiles of Upper Lake Creek (2006)
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Figure 4.21b. Cross-Sectional Profiles of Upper Lake Creek (Drawdown Zone 2006)
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Figure 4.22. Bankfull Width and Depth of Upper Lake Creek
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Figure 4.23. Substrate in Upper Lake Creek (2006)

(Right Channel in drawdown zone and main channel upstream of lake)
Substrate was visually estimated as dominant/subdorhsubstrate and is shown graphically by assgyttie dominant substrate a value of 2-5 (siltaRds3,
gravel=4, cobble=5) and sub-dominant substratduewa 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gi&®.75, cobble=0.9). The dominant and subdominant
values were summed to produce a single numeritaé\that was graphed.
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Figure 4.24. Pools in Upper Lake Creek (2006)

Note: Upper solid red line depicts location of [soalong the stream channel. Length of line ={krf pool. Diamonds in lower part of graph shéw same
data; diamonds are located at the station (distanoe mouth) of the downstream end of each poolaedyraphed as pool station vs. pool length (ft).
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Table 4.5. Substrate, Thalweg Depth, and Notes from Upper Lake Creek (2006)

Upstream Dom'”"?‘“" Thalweg

station (ft subdominant Depth (ft) Comments

substrate

Left Channel (drawdown zone)

-401 Sand/sand 0.9 Drawdown lake level

-325 Sand/gravel 0.5

-270 Sand/gravel 0.65

-220 Sand/gravel 1.2

-176 Sand/sand 1.1

-151 Sand/sand 0.81

-120 Gravel/gravel 0.9

-85 Gravel/gravel 0.65

-65 Gravel/gravel 0.9

-7 Gravel/gravel 0.8

Right Channel (drawdown zone) and Main Channel (upstream of Packwood Lake)
-400 Sand/sand 2 Drawdown lake level (in lake)

-300 Gravel/gravel 0.75

-100 Gravel/gravel 0.15

-50 Gravel/gravel 0.3

10 Sand/sand 0.25 High lake water level

123 Sand/silt 3.9

242 Sand/silt 2.7

336 Sand/gravel 3.7

417 Gravel/sand 1.8

552 Gravel/sand 1.6

650 Gravel/gravel 1.9 Big log jam; large cedars downstream from here
748 Gravel/gravel 2.2 Alders upstream from here (6-10” dbh)
870 Gravel/sand 2.1

980 Gravel/sand 2.3

1071 Gravel/sand 1.8

1163 Gravel/sand 2.8

1267 Gravel/gravel 1.1

1303 Gravel/gravel 1.0

1367 Gravel/gravel 3.2 Channel full of fresh gravel

1460 Gravel/sand 1.9 Very young alders upstream from here

Upper Lake Creek will continue to cut down through its delta depiositse drawdown zone
during low lake levels. Downcutting will result in sediment tpaors from the upper delta area
into the lower delta in the lake. There could be minor locakases in turbidity during the
downcutting; the majority of sediment exposed in the delta is gewklsand which do not
contribute to increased turbidity. Downcutting in the stream chammsteam from the lake
could entrain silt which could cause minor local increases inditybihowever, Upper Lake
Creek is influenced by glacial runoff and has high turbidity angpeswded sediment levels
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during periods of glacial melt and peak flow conditions. The chammets the delta will be
wide and shallow.

There is a low to moderate risk of future headcutting in the Upglee Creek channel upstream
of Packwood Lake. The channel substrate consists of sand, siltyaral. gThese substrate
sizes could be eroded during peak flows. However, the abundant I&g ypstream of
approximately station 700 reduce the risk of incision progressindlyagystream (the log jams
and buried wood would need to be disrupted before downcutting can occushowa during
the November 2006 event, during peak flows necessary to erode the chammieothe log
jams, the lake fills rapidly, limiting the potential for chanmkelgradation (see discussion in
Section 4.7). Non-Project related downcutting through the old deposite former channel
depth (depth of buried wood) between station 700-1,200 will continue during pmak fl
conditions.

The low to moderate risk of future Project-related downcutting may affectquatic, riparian,
and terrestrial habitat as follows:

Potential for lost instream and terrestrial habitat — Duringléde levels, instream
habitat in the lower 500 feet of Upper Lake Creek includes poolgstitind runs.
During full lake level, the incised portion of the channel is pool habiThere is
abundant woody debris. There does not appear to have been much oima loss
terrestrial habitat in the past. A maximum of 5,000 squareofdess could have
occurred if it is assumed that the channel widths were sitallapstream reaches
(10 feet wider channel x 500 feet long). There is a low risk of antisk terrestrial
habitat loss in the future due to Project-related effectsusecanajor channel
widening is not occurring. There is terrestrial habitat losgpistream reaches due
to non-Project-related channel aggradation between station 1,000-2,500 feet.
Loss of riparian vegetation — There does not appear to haverhednloss, if any,

of riparian habitat due to Project effects. There are ripanabitat changes in
upstream reaches due to non-Project related channel aggradatioerbstaison
1,000-2,500 feet.

Downstream flooding — there is no risk of downstream flooding fromeBoj
related changes since the channel changes are so close to the mouth.

Channel widening — there is limited past channel widening. Widertg 10 feet
may have occurred in the lower 500 feet of channel as a resuksefvoir
operations based on a comparison of downstream and upstream bankfullonidths
Figure 4.22. Some limited future channel widening upstream of theMaldel be
expected if any additional downcutting occurs. The channel in theldvawzone

will likely widen during the course of each drawdown season. The chantied
non-Project related aggradation zone between station 1,000 and 2,500 is likely
widening (Figure 4.22).

Increased turbidity and suspended sediments — there is a pdi@nti@hor local
increases in turbidity during high flow events during drawdown. Upde L
Creek is naturally turbid during high flow events, so these increafidikely not

be noticeable.
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Mid-channel bar formation due to increased sediment load — therehigha
potential for mid-channel bar formation in the Upper Lake Creanmdl as a
result of non-Project related sediment loads. Mid-channel barferaneng under
current conditions throughout the channel due to the high load of gravettieom
upper watershed.

Decreased bank stability — there may be some local bank erosiahebsitt and
clay banks are cohesive and quite stable.

Loss of wetlands — effects of drawdown on wetlands are still ungestigation
and will be reported in the Packwood Lake Drawdown Study Report.

4.5 Crawford Creek

Crawford Creek enters Packwood Lake on the eastern shore, jidasbrof Upper Lake Creek.
Crawford Creek is an alluvial fan in the area surveyed. Atstiméhe past, Crawford Creek has
flowed into Upper Lake Creek instead of its present configurdiimmectly into Packwood
Lake), and in a channel northeast of its present location. Ca@feek shows evidence of past
debris flows or torrents, with deposit features (debris flowdsy and multiple channel locations
in a fan configuration extending from the mouth of the confined canytoto® of Crawford
Creek are included in Appendix A.

Figure 4.25 shows the surveyed longitudinal profile of the thalwegrsvatdge, bankfull, and
floodplain along with the 2007 surveyed thalweg. Figures 4.26a and 4.26k #ih®wross-
sectional profile of these same stream indicators at eatbrstrom downstream to upstream.
All cross sectional profiles are plotted on the same graph to sklative width, depth, and
elevation. Figure 4.27 shows the upstream change in bankfull width ard digdtle 4.5 lists
dominant/subdominant substrate noted at each upstream station andomtéseffield survey
on stream characteristics relative to channel incision. Stdsrahown graphically on Figure
4.28. Crawford Creek is an intermittent stream and was dry &trieeof the survey; as a result,
there are no depths recorded in the drawdown zone.

Current Channel Condition and Risk of Future Headcutting

The Crawford Creek channel did not show any indicators of chanmg&bimc A large log jam at
the mouth is a grade control. This log jam remained during themlme2006 event, and the
channel aggraded between the log jam and 350 feet upstream from the mouth.

Headcuts — There were no headcuts observed.

Substrate changes/deposition zones — The channel upstream of Packweadsak
dominantly gravel and cobble.

Incised channel/bank erosion — Figure 4.10 shows that the Crawford craehkel

is graded to the log jam (above the high lake) elevation and doesowoesidence

of thalweg downcutting below the normal high lake level.

Riparian/upland vegetation changes — Riparian vegetation was intact, and upla
species were not encroaching into floodplain.
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Figure 4.25. Longitudinal Profile of Crawford Creek
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Figure 4.26a. Cross-Sectional Profiles of Crawford Creek (2006).
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Figure 4.28. Substrate in Crawford Creek (2006)

Substrate was visually estimated as dominant/subdornhsubstrate and is shown graphically by assgytiie dominant substrate a value of 2-5 (siltaRds3,
gravel=4, cobble=5) and sub-dominant substratduewa 0.1-0.9 (clay=0.1, silt=0.25, sand=0.5, gl&0.75, cobble=0.9). The dominant and subdominant
values were summed to produce a single numeritaé\that was graphed.

49



Final Report Stream Connectivity in Packwood Lakiédtaries Study

July 2007

Energy Northwest Packwoalld Hydroelectric Project
FERC No. 2244

Table 4.6. Substrate and Channel Notes on Incision From Crawford Creek (2006)

Upstream Dom‘”"?‘“t’
: subdominant Comments
station (ft)
substrate
-126 Sand/gravel Drawdown lake level
-121 Sand/gravel
-117 Sand/gravel
-78 Gravel/gravel
-58 Gravel/gravel
-49 Gravel/gravel
-44 Cobble/gravel
-41 Cobble/sand
-37 Cobble/sand
-30 Sand/sand
-25 Sand/cobble
-23 Sand/cobble
-19 Cobble/sand
-15 Sand/gravel
-10.8 Sand/gravel
-7 Sand/gravel
-3 Gravel/sand
0 Gravel/sand
59 Gravel/cobble Big log jam at mouth (grade control)
100 Gravel/cobble
151 Gravel/cobble
200 Gravel/cobble
250 Cobble/gravel
300 Cobble/gravel Big log jam
350 Cobble/gravel Trail crossing
394 Cobble/gravel
454 Cobble/gravel
527 Gravel/sand Major log jam
563 Gravel/cobble
651 Gravel/cobble
710 Cobble/gravel Confined by valley walls from here upstream
754 Gravel/cobble
871-925 Permanent grade control — boulder cascade comple

Crawford Creek will continue to cut down through its delta depasithe drawdown zone
during low lake levels. Downcutting will result in sediment tpaors from the upper delta area
into the lower delta in the lake. There could be very mingallmmcreases in turbidity during the
downcutting; the majority of sediment exposed in the delta isegresbble, and sand which do
not contribute to increased turbidity. The channel across the delta will bervdidg@allow.
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A very large log jam at the mouth of Crawford Creek hasltes in no channel incision and
little future risk of downcutting. If the Crawford Creek chanmalves to a different location,
future downcutting may occur.

4.6 Beaver Bill Creek

Beaver Bill Creek flows into Upper Lake Creek approximatelyile upstream of Packwood
Lake. Agency representatives who had visited the creek noted #haiwed signs of incision.

Beaver Bill Creek was not included in the detailed field spraeeasurements since it is
thousands of feet upstream of the Project-related downcutting on Upper lese Etowever, a

reconnaissance visit to Beaver Bill was conducted on October 25, 20fifktat the creek and

again in July 2007 to assess changes from the 2006 high flow event.

Beaver Bill Creek is a high gradient (average 24%) stepgicedm that flows off the steep side
of the Upper Lake Creek valley into the flat valley bottom whefeins Upper Lake Creek.
Beaver Bill Creek has formed an alluvial fan as it exits steep, confined hillside and flows
onto the flat valley floor. There is evidence of several old chapositions across the fan.
Beaver Bill shows many signs of downcutting and channel indtabilithe alluvial fan portion
of its current channel, including fresh channel widening and banloarwsthe upper portion of
the fan, deposition of the eroded sediment and inundated trees mwregortion of the fan,
and channel filling resulting in sub-surface flow in the lowetipos of the fan (see photos in
Appendix A). The channel had similar characteristics befodeadter the 2006 high flow event.
The cause of the channel instability is not known; however it i wpstream of any Project-
related incision in Upper Lake Creek. Alluvial fans are vatyva geomorphic environments,
and channel change occurs frequently.

4.7  Timing of High Flows and Drawdown

Operation of the Packwood Lake Hydroelectric Project resullsigtuations of the water levels
in Packwood Lake. During the summer months (May 1 to Septembdalié)evels are held at
2,857 ft MSL plus or minus 0.5 foot. After mid-September, the lake leagl be drawn down
8 feet, to no lower than 2,849 ft MSL. During times when the lakizas/n down, tributaries
entering the lake temporarily experience a lower base ld¥afibutary flows are high during
drawdown, erosion and headcutting in the tributaries upstream of the lakeshore could occ

In order to determine how frequently tributary flow is high whake levels are low, data on
mean daily lake levels and total daily lake inflow were obtaifredh Project operators.
Currently available data covered the January 2000 — December 200feimé. These data
were graphed for each water year (Figure 4.29). Figure 4.29 shdwala level (solid line),
full pool (upper bold line), maximum lake drawdown (lower bold line) andnntetal daily
inflow (dashed line). All years are graphed on the same smat®imparison. Note that there
are missing data in several years. Spill occurred when lakks levere greater than 2858.52 feet
MSL.
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Figure 4.29. Daily Packwood Lake Levels and Total Inflow
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Figure 4.29. Daily Packwood Lake Levels and Total Inflow (cont'd.)
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Figure 4.29. Daily Packwood Lake Levels and Total Inflow (cont'd.)
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For the majority of days when inflow is high, lake levels are &igh. It is not possible with
available data to determine inflows that may result in headcutcguse the contribution of
each tributary to the measured total inflow is not known (and likelsies seasonally).
However, inflows would need to be high enough to mobilize bed materitieirdifferent
tributary channels, and would likely be on the order of a few hundred E& discussion
purposes, a solid diamond is shown for each day when total inflow wag@¥efs (high flow
conditions) in combination with lake levels that were less thanpfdl (lower than 2857 ft
MSL). These conditions occurred 0-7 days/year during the timedperiih available data,
including seven times between the 2006 and 2007 stream surveys. Anstgahat are capable
of mobilizing substrate may be higher or lower than 200 cfs. Heryvelays with a combination
of high flows and low lake levels do not occur very frequently.

5.0 FISH PASSAGE

Fish passage can be affected in two different manners when @wgldlagse tributaries:
1) stream profile and gradient, and 2) stream flow and depth of water for @assag

When SE of Trapp Creek is drawn down below full pool level, the gjesgent of the creek,

especially where it enters Packwood Lake, presents a barrier tearpstrigration. Unlike most
of the other creeks, there is no delta formed at the mouth of tloé Bap Creek and the creek
enters the lake at a steep angle. Passage into this crealeseggarly full pool. All other

creeks do not have physical barriers which preclude access.

Stream depth does pose an impediment to fish passage in someeofttieesns, however.
Methods to estimate preferred stream flows for salmon and trexg veported by Thompson
(1972) after 10 years of research on depth and velocity in stremi@segon. Thompson
concluded that the depth over “the shallow bars most critical of pdsftage” was the feature
that determined the likelihood of successful migration. Thompson’s reended minimum
depths of 0.8 feet for Chinook and 0.6 feet for large trout to achievessifckpassage, have
been used by biologists in the Northwest since the 1970’s. The “©Omagthod” as it is now
commonly called, concludes that the passage flow is adequate whaegpthecriteria is met on
at least 25% of the transect width andat least a 10% continuous portion.

The Oregon Department of Fish and Wildlife (ODFW) establishé@érier for fish passage
(2004). Under these criteria for bridges with supports (which wlosely simulates the stream
conditions for Packwood Lake tributaries), minimum water depth for gessage is 8 inches
(0.7 feet) for trout under 20 inches in length, kokanee, and juvenile steelhead and salmon.

Using these criteria, Packwood Lake tributaries often do net meimum depth requirements
naturally due to low flow conditions in some of these tributaneshe fall (see Table 5.1).
Figure 5.1 shows mean monthly Packwood Lake levels and inflow #@®9 — 2003. The
lowest flow conditions during the year typically exist during thk period (late September —
early November). Physical measurements taken during October, 200&ténchiinimum water
depths in the lower reaches of SE of Trapp, Crawford, Osprey, angd Gragks did not meet
minimum depth criteria even in the stream reaches immediabelye the drawdown zone that
are continuously inundated. In addition, Crawford Creek was observed tgdryits lower
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reaches during the 2005 and 2006 summer field seasons, and was not diosbegd freely
flowing until the fall rains began.

Table 5.1 Water Depth Characteristics of Tributaries that Empty Directly nto Packwood
Lake (drawdown zone and area above drawdown zone)

Number Max Depth
of Max above
Mean |measure-{ Min. Max. Elevation |drawdown
Stream Depth (ft) | ments |Depth (ft) [Depth (ft) (ft) zone (ft)
Osprey Creek 0.44 23 0.10 0.98 2858.23 0.32
Trapp Creek 0.16 9 0.10 0.30 2859.60 0.20
Tributary SE of Trap| 0.20 5 0.05 0.30 2860.00 0.25
Creek
Mueller Creek 1.05 23 0.20 2.60 2858.90 1.00
Upper Lake Creek Right| 0.32 11 0.10 0.60 2858.1 0.10
Channel
Upper Lake Creek +teft] 0.87 19 0.50 1.40 2858.04 0.20
Channel
Crawford Creek (dry) N/A N/A N/A N/A N/A N/A
Note: measurements taken in late October 2005.
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Figure 5.1. Mean Monthly Packwood Lake Levels and Inflow, 1999-2003
(Source: Watershed GeoDynamics 2005)
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SE of Trapp Creek, although presenting a physical barrier to upstragration during the

drawdown, also has the smallest volume of flow of all the creeksatgd. Even at full pool,

depths would not be adequate to allow passage based on the csitaslsieed above. Thalweg
depths immediately above the drawdown zone ranged from 0.25 ft tét.0[3ke level is not a

determining factor for this creek; however, because low streaws fand minimum depths
preclude fish passage under natural conditions during this time of year.

Fish species composition and distribution surveys are currentbirangNo fish were observed
in SE of Trapp or Crawford creeks during Summer 2006; CrawfordkGvas dry. Surveys
noted that all fish had vacated all of these tributaries teydammer. Additional information
will be provided in the Fish Distribution and Species Composition Study results.

Mueller Creek is an important contributor to Packwood Lake rainbawt sqgawning, averaging
182 spawners per year (1979 — 2005) or 35% of the overall spawners notet#viodth Lake

tributaries (see Table 3-3 of Packwood Lake Fish Distribution andeSp€omposition Study
Plan, 2005). Lake drawdown and the resulting depths in the drawdown zone chus®tan
impediment to movement to or from Mueller Creek to Packwood Lake.

6.0 SUMARY AND RECOMMENDATIONS

Operation of the Packwood Lake Hydroelectric Project resulfluctuations of the lake levels.
During the summer months, lake levels are held at the licenseemauit of 2,857 ft MSL plus
or minus 6 inches. From May 1 to September 15, the Project opeli#teBroject generation
flow adjusted to match lake inflow to hold the lake elevation kedbticonstant. After mid-
September, the lake level may be drawn down 8 feet to a level eo tlban 2,849 ft MSL. The
8 ft of vertical storage allows the Project to store and atikinter runoff for power generation.
When seasonal high runoff exceeds the Project capacity and tibe cliihe lake to absorb peak
discharges, the drop structure is overtopped (at elevation 2,858.52 fegtaktEexcess runoff
is directed down Lake Creek. During times when the lake is drawn down, tribetaieesmg the
lake temporarily experience a lower base level. During drawddwentributaries could incise
into the deltas and lake bed. If tributary flows are high dudngwdown, erosion and
headcutting in the tributaries upstream of the lakeshore could otberdata collected for this
report evaluates evidence of existing headcutting in streams hengadtential for future
headcutting as well as the potential for fish migration condartisee drawdown zone if streams
become wide and shallow as they flow across the drawdown area.

Key Question 1. How does lake drawdown influence fish passage?

Fish passage to Packwood Lake tributaries during the summer ambfathdown period is
impeded by low flows and associated minimum depths in SE of Trappp,T€rawford, and
Osprey creeks that do not meet criteria standards for fisragemss These low flows and
associated minimum depths are not related to Project operatiobarriér to upstream passage
exists in the drawdown zone on SE of Trapp Creek due to the high gradlidm stream
entrance; however, passage would be impeded even without the drawdown due to the low natural
flows that exist during this time of the year. Fish passageegsirindicated that fish were no
longer present in these tributaries by late summer; EES Cimgsplbsits that because these
creeks have historically dried up in the late summer monthsaitiigorv trout in these tributaries
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have adapted a strategy of emigrating from these creeks takéhén the late summer before
flows decrease drastically or dry up completely.

Key Question 2. How much aquatic habitat is affected by lake drawdown?

During drawdown conditions, the total area of lacustrine aquatitabhabireduced. The Project
is operated to maintain a lake elevation of 2,857 @5 ft in summer months. Beginning in
mid-September, the lake is drawn down to no lower than 2,849 ft. Theeladlerises with
natural inflow during the Project shutdown period in October. If the iskewered to the
minimum allowed elevation of 2,849 ft MSL at the beginning of the Br@enual outage, this
results in 30 acres being temporarily dewatered (adjustingdpe $lad no significant difference
in area). This is a 7% reduction in surface area of the lake relative to theesaréa at 2,857 ft.
The daily rate of change in aquatic lake habitat during the 2005ddvawperiod averaged an
increase of 0.6 acres/day with the maximum 1-day change being 1.6 acres.

There are minor effects to fluvial aquatic habitat as a redutieadcutting since the extent of
headcutting is limited. The longest extent of headcutting is in Upglee Creek and Mueller

Creek (up to a total of 1,000 lineal feet between the two tribs)ari@he headcutting has
changed aquatic habitat in these areas at full lake levels to pool habitat.

Key Question 3. What are the locations and types of natural and artificialebaro fish
passage in the upper Lake Creek basin?

Barrier identification and locations of these barriers aiagoandertaken as part of the Fish
Distribution and Species Composition Study Plan and further detdil®e provided there.
Preliminary data are provided below for each of the creekstefest. Additional information
will be provided in the Fish Distribution and Species Composition Report, due in 2007:

Crawford Creek: Flow barrier (goes dry throughout reach in late summer);
Upper Lake Creek: No barrier within the project-affectedhrea®tream goes dry
approximately 1000 ft above Beaver Bill Creek)

Trapp Creek: No barrier within the project-affected reach.tid&rbarrier at 617

ft (0.12 RM) above confluence with Packwood Lake

Tributary SE of Trapp Creek: Project-affected barrier belal fake level.
Vertical barrier at approximately 650 ft (0.124 RM) above camfbe with
Packwood Lake

Mueller Creek: No barrier within project-affected reacHertical barrier to be
determined in the Fish Distribution and Species Composition Study, due in 2007.
Beaver Bill Creek: No barrier within project-affected readtertical barrier to be
determined in the Fish Distribution and Species Composition Study, due in 2007.
Osprey Creek. No barrier within project-affected reach. W&artbarrier to be
determined in the Fish Distribution and Species Composition Study, due in 2007.
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Key Question 4. . How are stream processes and function impacted by fluctuation?

A detailed discussion of channel degradation, stream processesgaatic, terrestrial, and
riparian habitat changes as a result of lake fluctuationigded with the discussion of each
tributary stream in Section 4.0. The following summarizes Propbated effects to these
resources.

Field evidence and survey data show that the small tribut@mw €y, Trapp, SE of Trapp, and
Crawford creeks) entering Packwood Lake from the steep \sitleg may be incised to a point
approximately 0-125 feet upstream from full pool level (Table 6.1).sdB&eams are all graded
to the high lake level, suggesting that incision has not occurred. ex¢owother channel
indicators (higher bankfull depths) indicate that there may be minor incisftugnced either by
fluctuations in lake levels due to Project operations or the streams cutimgirato their alluvial
fans to meet the lake. Large woody debris jams are assowifttetthe upward limits of incision
in the streams; most of these streams are small enough thatnlikely the debris jams will
wash out in anything but a very large flow event or debris torr&dtlitional woody debris jams
are located throughout the channels upstream of the currenofimitision that could help to
limit any further upstream incision if the current wood washes @ame of the log jams in
Trapp and SE Trapp were washed out or undercut in the November 2006lqueadvént
resulting in erosion of sediment stored upstream of the loggachsleepening of the channel in
some locations. Estimated mean daily inflow during this eventneady 1,800 cfs, making it
one of the largest flows on record. Large quantities of sediaientmoved into these streams
from upstream sources during the November event and filled in the deamsend of the
channels. The log jam at the mouth of Crawford Creek did not movehamthannel aggraded
upstream of the jam except in one location where an upstreg@antoggashed out and resulted
in incision.

Table 6.1. Limit of Incision and Location of Permanent Grade Control in Packwood
Lake Tributaries
Tributary Approximate limit of incision Permanent grade control
(feet upstream from full pool) (feet upstream from full pool)
Osprey Creek 0-125 796-835
Trapp Creek 0-100 296
SE of Trapp 0-50 213
Mueller Creek 500 n/a
Upper Lake Creek 400 n/a
Crawford Creek 0 871-925

These small streams are located in alluvial-fan type envimtsmesulting from a rapid decrease
in gradient as the streams flow off the steep valley walls into the loaeéiegt valley. Evidence
of past alternate channels on these fans was noticed in thatfisltkely that these streams will
switch channel locations at some time in the future (the timirapafnel switching could be on
the order of centuries). Permanent grade control features stails asrge boulder cascades, or
major log jams are located at the point where each of the siballaries enters the confined,
higher-gradient steep valley wall.
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As a result of the limited channel changes upstream of therlad&ch of these small tributaries
and low risk of substantial future incision, there has been ditteet on instream, terrestrial, and
riparian habitat or wetlands. There is likely some minor, Iezedliincreases in turbidity and
suspended sediment during high flows under drawdown conditions as eachtrijigaacross
the delta deposits in the drawdown zone. The stream channel in thdodra zones are
relatively wide and shallow.

Upper Lake and Mueller creeks are located in a broad, low-gradgitey. Field evidence and
the stream survey suggest these two creeks are incised apeyish00-500 feet upstream
from full pool. This incision is likely the result of drawdown oftRa&ood Lake during the fall
and winter. Incision upstream of the drawdown zone results in deep gwoatg full pool.
There do not appear to be any changes to riparian vegetation or ditmnrfeom the
floodplain in Upper Lake or Mueller creeks because backwater fnentake at full pool fills
these channels during the growing season, and during veryflawgevents Packwood Lake
fills with water, bringing water levels up in the floodplain.bukhdant large woody debris in
Upper Lake and Mueller creeks has resulted in humerous log jamadhas grade control
features and also trap gravel coming from upstream. Upper Lalek Carries the majority of
the water and sediment from the upper valley, and has numerous ggavadation zones,
particularly 1,000-2,5000 feet upstream of the lake resulting frontatige sediment sources
upstream. Mueller Creek only extends about one mile up the valtegaaries comparatively
little water or sediment.

Mueller and Upper Lake Creek will continue to cut down through the delposits in the

drawdown zone during low lake levels. Downcutting will result inrsedi transport from the
upper delta area into the lower delta in the lake. There could ber nacal increases in
turbidity during the downcutting, however Upper Lake Creek is influggtgeglacial runoff and

has high turbidity and suspended sediment levels during periods of gredtaand peak flow

conditions so the increased turbidity would likely not be noticeablee chlannels across the
delta will be wide and shallow.

There is a low to moderate risk of future headcutting in the Muelhd Upper Lake creek
channels upstream of Packwood Lake. However, the abundant log jamsamnmpsbf
approximately station 700 reduce the risk of incision progressindlyagystream (the log jams
and buried wood would need to be disrupted before downcutting can ocauihg Peak flows
necessary to erode the channel or move the log jams, thellakagidly, limiting the potential
for channel degradation.

The low to moderate risk of future project-related downcutting may affeeinatic, riparian,
and terrestrial habitat as follows:

Potential for lost instream and terrestrial habitat — Duringléde levels, instream
habitat in the lower 500 feet of Mueller and Upper Lake creesisides pools,
riffles, and runs. During full lake level, the incised portion of¢thannels is pool
habitat. There is abundant woody debris. There does not appear tbewve
much of a loss in terrestrial habitat in the past. Therelesvaisk of substantial
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terrestrial habitat loss in the future due to Project-relaféects because major
channel widening is not occurring.

Loss of riparian vegetation — There does not appear to haverhednloss, if any,
of riparian habitat due to project effects and little risk of future loss.
Downstream flooding — there is no risk of downstream flooding fpyoject-
related changes since the channel changes are so close to the mouth.
Channel widening — there is limited past channel widening. Widemrtg 10 feet
may have occurred in the lower 500 feet of the Upper Lake Creshnel as a
result of reservoir operations. Some limited future channelnindeupstream of
the lake would be expected if any additional downcutting occurs.

Mid-channel bar formation due to increased sediment load — therehigha
potential for mid-channel bar formation in the Upper Lake Creekraa Mid-
channel bars are forming under current conditions throughout the channe due t
the high load of gravel from the upper watershed.

Decreased bank stability — there may be some local bank erosiahehsitt and
clay banks are cohesive and quite stable.

Loss of wetlands — there are no wetlands in the vicinity of the Cagek channel,
and no loss of wetlands from channel incision near the Mueller Creek channel.

Key Question 5. What are the impacts to water quality resulting fronmalting or other
erosional processes?

Project-related downcutting and erosion in Packwood Lake tributaries includes:

1. Annual downcutting through delta deposits during low lake levels ¢caor any time
lake levels are below full pool)

2. Possible headcutting in tributary channels above full pool. This coald daring high
flows if the lake level is low. The past extent of headcgttias been limited (0-500 feet
upstream), and the abundant wood forming grade control structurdsutarty channels
suggests that the future risk of continued headcutting is low. Thkeofaextensive
downcutting in the tributary streams between the 2006-2007 surveysiod pdth 7
days when lake levels were below full pool and inflows were higthduisupports the
low risk of future headcutting.

Potential effects on water quality from headcutting are skam-increases in total suspended
sediment or turbidity during drawdown (case 1) or peak flow evente @as Water quality
measurements have been made in Packwood Lake to assess dp@ided sediment and
turbidity. Both total suspended sediment and turbidity levels \evein all measurements
coinciding with case 1 (EES 2005b, 2006), indicating that downcutting throutgh digdosits
has not measurably affected suspended sediment or turbidity levielg drawdown. Turbidity

in tributaries during high flows, when case 2 could occur, is natunaly. High turbidity in
Packwood Lake was documented coinciding with the spring snowmelt ruidfe limited
extent of past and future downcutting is not expected to measurably affectjualtey.
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