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1.0 INTRODUCTION

Energy Northwest operates the Packwood Lake Hydroelectjed®? (Project) near the town of
Packwood in Lewis County, Washington. On November 12, 2004 Energy Northiedsa f
Notice of Intent (NOI) to file an application for a new hse to operate the hydroelectric
project. Energy Northwest also concurrently filed with theddfal Energy Regulatory
Commission (FERC) and the resource agencies, a Pre-ApplicatiomBot(PAD), containing
existing, relevant, and reasonably available information describengxisting environment and
the potential effects of Project facilities and operations. 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, a@s@land implemented a study
to evaluate the potential effects of drawdown on tributaries ¢dviReod Lake as part of Project
operations (EES Consulting 2005). This report provides results forrd@mnstonnectivity 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 witake canal, a concrete
drop structure (dam) and intake building on Lake Creek located about 42bWaestream from
the outlet of Packwood Lake, a 21,691-foot system of concrete pipe andsium®e621-foot
penstock, a surge tank, and powerhouse with a 26,125 kW turbine generator.

The source of water for the Project, Packwood Lake, is a natkheakiated at an elevation of
approximately 2,857 feet above mean sea level (MSL), about 1,800 feetthbgv@verhouse.
Water discharged from the Project is released to the Cowilrer Ria a tailrace channel. Power
from the Project is delivered over an 8,009-foot 69 kV transmissiontdingne Packwood
substation.

The total area drained by Lake Creek and Packwood Lake is apptekimi9.2 square miles.
The natural lake elevation (El) is 2,857.0 ft Mean Sea Level (MSIh)e Project seasonally
regulates the lake level so that it is at El. 2,857.0 ft £0.50 $ummer recreation months and
drawn down to no lower than EIl. 2,849.0 ft MSL during the winter months. Tiwgdps 8 ft of
vertical storage usable by the Project. The Project is tggeta achieve a lake elevation of
2,857 +0.50 ft by May first of each year. This level is maintamadl September 15 when
drawdown may begin. When lake level rises above the drop strucest efevation (El.
2858.50 ft), the flow passes over the drop structure into Lake Creek downstream ké thEha
influence on lake level exerted by the Project is approxigaiee-half inch per hour at
maximum capacity (260 cfs), assuming no inflow. This effect cagabiy reduced or offset by
large inflows.
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Figure 1.1

Energy Northwest's Packwood Lake Hydroelectric Bcbjs located in the Cowlitz River Watershed, Uty to
the Lower Columbia River in Southwest Washingtoat&{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 survey extends 300 feet upstream from the luppesf 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

Trap Creek

Small tributary Southeast of Trap Creek
Mueller Creek

Upper Lake Creek

Crawford Creek
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Beaver Bill Creek was not surveyed because the end of headoottiUpper Lake Creek ended
downstream of this tributary. Fish surveys are being conductBeaver Bill Creek under the
Fish Distribution and Species Composition Study and results will be included in that repor

EE ST L IR I HRATHRR KRR
Legend

i

Figure 1.2
Tributary Streams to Packwood Lake Showing Limftinaision and Permanent Grade Control Features

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.

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 evaltieasapacity of the channel to
pass fish, transport sediment, and provide functional habitat for aquatic organisms.

3.0 METHODS
Tributary streams were evaluated for evidence of channel inci(gotentially related to

drawdown of Packwood Lake) and the potential for fish passage probfemar@sion in the
drawdown zone. A reconnaissance evaluation of each of the six tilmtitaams was made
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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 drawdowackivébd Lake (at
approximately El. 2850 ft MSL) and included the area of each trjpstegam in the drawdown

zone.

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

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

Channel incised into floodplain

Young terraces

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

Deposition of large masses of sediment in a widened channel gdosaldized channel
braiding and instability of stream banks

Reduced pool frequency

Riparian or floodplain vegetation indicators —dead, dying or lospafiain vegetation due to
lowering of shallow aquifer or inundation by braided or aggrading channels

8. Upland plant species encroaching into floodplain.

arwnE

No

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. A tape was strung longitudialaihg the stream channel to
measure distance from the mouth of the creek, and additional tapessimeng across the
channel to measure the cross sectional station of any tertlaediodplain, bankfull, water’s

edge, and thalweg to determine channel widths. The topographic surgegtezktupstream until

a permanent grade control or geologic nick point was encounterediher ¢ase of Upper Lake
Creek and Muller Creek, 300 feet upstream of the point where fiettbrece indicates the

channel is not incised. Dominant and sub-dominant substrate sizehatedeat each cross
profile section, and digital photographs were taken. The depth ofattee in these tributaries as
they coursed through the drawdown zone was also measured and recorded.

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.

During the field reconnaissance and surveying of Upper LakekCemd Mueller Creek,
geomorphic and vegetation evidence indicated that the area hachamore complex history of
aggradation and vegetation change than could be explained by a sipgdeaphic survey of
the creeks. It was hypothesized that this could be due in pHre thigh sediment load from
upstream glaciers, the past glacial history of the valleggwJ-shaped valley) and the relatively
low gradient of the stream. Historic aerial photographs (9/6/58, 7/1R/ZA®94, 8/9/98) of the
stream valley were obtained from the USDA Forest ServicdJtinersity of Washington map
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library, and Terraserver.com and used to look at timing of vegetahd geomorphic changes in
the valley.

40 RESULTS

Packwood Lake is situated in a glacially carved, U-shapedyvidigure 1.2). As a result, the
majority of small tributaries entering from the sides of #servoir (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 encounteringiepe valley wall. In
contrast, Upper Lake Creek and Mueller Creek flow into the headabfw®od Lake through the
floor of the broad, U-shaped valley. Mueller Creek and Lake Creek daery gentle gradient
for approximately 1.5 miles upstream of Packwood Lake, then gigdonalease in gradient as
they continue upstream.
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2,900

2,850F

™~ Max. Lake
2,800 T T T T T T T T
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‘— ——Osprey- - - Trap — Trib SE of Trap Ck—— Muller —— Lake Creek Cravvford‘
Figure 4.1

Longitudinal Profile of Tributary Streams to Paclosio_ake
(Source: USGS Topographic Maps)

All tributaries to Packwood Lake except Upper Lake Creek havendveater, rainfall, and
snowmelt as their source. Upper Lake Creek includes runoff fromasetaciers on Old Snow
Mountain, resulting in relatively higher summer flows and a much higher sediment load.

Figure 1.2 shows the permanent grade controls and limits of incisted in the field for each
tributary. Fish distribution is currently being determined unklerRish Distribution and Species
Composition Study, and the limits of fish distribution will be presénin that report.
Information on each stream follows.
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4.1  Osprey Creek

Osprey Creek enters Packwood Lake on the western shore. Figuseofv@ the surveyed
longitudinal profile of the thalweg, waters’ edge, bankfull, anddplain. Figure 4.3 shows the
cross-sectional profile of these same stream indicatoesaet station from downstream to
upstream. All cross sectional profiles are plotted on the saaph do show relative width,
depth, and elevation. Figure 4.4 shows the upstream change in bawkithl and depth.
Table 4.1 lists dominant/subdominant substrate noted at each upstream station and ntttes from
field survey on stream characteristics relative to channel incision.
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Figure 4.2
Longitudinal Profile of Osprey Creek



Draft Report Stream Connectivity in Packwood LakibTtaries Study

August, 2006

Energy Northwest Packwoalld Hydroelectric Project
FERC No. 2244

Osprey Creek
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Cross-Sectional Profiles of Osprey Creek
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Figure 4.4
Bankfull Width and Depth of Osprey Creek
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Table 4.1
Substrate and Channel Notes on Incision From Ospregk
Upstream Dominqnt/
i subdominant Comments
station (ft)
substrate
-100 Sand/sand Drawdown lake level
-95.7 Sand/gravel
-89 Gravel/gravel
-77.2 Gravel/gravel
-76.3 Gravel/gravel
-66.8 Gravel/gravel
-62 Gravel/gravel
-60.7 Gravel/gravel
-53.2 Gravel/gravel
-51 Gravel/gravel
-41.4 Gravel/cobble
-39.9 Sand/gravel
-37 Sand/gravel
-31.4 Gravel/sand
-30.7 Gravel/cobble
-23 Gravel/gravel
-8.5 Gravel/gravel
0 Gravel/sand At full pool lake level
21 Gravel/sand
69.5 Gravel/sand
113.3 Gravel/sand
192 Gravel/sand
275 Sand/gravel
387 Gravel/sand
485 Gravel/cobble Valley walls closing in
597 Gravel/cobble
671 Gravel/cobble
761 Gravel/cobble
796 to 835 Permanent grade control — very large wc_)ody debris
complex (too big to be washed out by this size stream)

4.2  Trap Creek

Trapp Creek enters Packwood Lake on the western shore. Figure 4.8 wi®wurveyed
longitudinal profile of the thalweg, waters’ edge, bankfull, anddplain. Figure 4.6 shows the
cross-sectional profile of these same stream indicatoeaett station from downstream to
upstream. All cross sectional profiles are plotted on the saaph do show relative width,
depth, and elevation. Figure 4.7 shows the upstream change in bawikithi and depth.
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Table 4.2 lists dominant/subdominant substrate noted at each upstream station and nttes from
field survey on stream characteristics relative to channel incision.
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Figure 4.5
Longitudinal Profile of Trapp Creek
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Figure 4.6
Cross-Sectional Profiles of Trapp Creek
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Figure 4.7

Bankfull Width and Depth of Trapp Creek

Table 4.2

Substrate and Channel Notes on Incision From Ospregk

Upstream Domingnt/
: subdominant Comments
station (ft)
substrate
-125 Sand/gravel Drawdown lake level
-100 Gravel/gravel
-80 Gravel/gravel
-46 Gravel/cobble
-25 Gravel/cobble
0 Gravel/cobble Full pool lake level
41 Gravel/cobble
96 Gravel/cobble
140 Gravel/cobble
210 Gravel/cobble
210 Gravel/cobble
260 Gravel/cobble
296 Permanent grade control — very large woody debris
complex (too big to be washed out by this size stream)

10
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4.3  Small Tributary Southeast of Trap Creek

A small tributary southeast of Trapp Creek (referred to asfSEapp) enters Packwood Lake
on the western shore. Figure 4.8 shows the surveyed longitudinal pfdfie thalweg, waters’
edge, bankfull, and floodplain. Figures 4.9a and 4.9b show the cross-segtafital of these
same stream indicators at each station from downstream toarpstidl cross sectional profiles
are plotted on the same graph to show relative width, depth, and @tevé&igure 4.10 shows
the upstream change in bankfull width and depth. Table 4.3 lists dofsii@adminant
substrate noted at each upstream station and notes from theifiedgl en stream characteristics
relative to channel incision.

2890

2885

2880

2875
g
- 2870
=)
T 2865 — R
<o === 7
" 2860 S

High Lake _/1 =
2855 /
2850
Low Lake
2845 T T T T
-40 10 60 110 160
Distance from Lake (ft)
Thalweg RB Water Edge ------- RB Bankfull — ——-RB Floodplain
LB Water Edge ------- LB Bankfull — — —-LB Floodplain
Figure 4.8

Longitudinal profile of SE of Trapp Creek
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Figure 4.10
Bankfull Width and Depth of SE of Trap Creek

Table 4.3

Substrate and Channel Notes on Incision From SEagp Creek

Upstream Domingnt/
: subdominant Comments
station (ft)
substrate
-32.7 Sand/gravel Drawdown lake level
-21.5 Sand/gravel
0 Gravel/cobble Full pool
25 Cobble/gravel _Inc_ised to approx. stati(_)n 50, then large log jam — not
incised upstream from jam

72 Gravel/sand
124 Gravel/sand
175 Gravel/sand
213 Permanent grade control — geologic barrier, waterfall

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.eMOedek has a very

13
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gentle gradient, and in fact only flows for approximately 1-1.25 snilpstream of Packwood
Lake under the present valley configuration. Some time prit®%8, aerial photographs show
that the Upper Lake Creek channel split approximately 3 mpstream from Packwood Lake
(at the point where the valley narrows) and flowed into the udpetler Creek channel. Upper
Lake Creek continued for approximately 1 mile in the old upper M@leek channel on the
southern side of the valley, then flowed north across the valley andl jtimenorthern Upper

Lake Creek channel, continuing along the northern side of tlheyvalhis condition continues

to the present day, with Upper Lake Creek carrying much moteeoivater and sediment load
than Mueller Creek.

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 treeesp®cages present, 2-3 feet of
silt/clay overbank deposits burying large downed logs (under theagesh alder stands), and
stands of dead or dying large cedars (2-4 ft dbh) apparentlgdtéysinundation by gravel and
sand deposits. A sequence of historic aerial photographs was exdmingdo determine the
extent and age of these features (Figure 4.11).

Figure 4.11
Geomorphology and Vegetation Patterns in Upper l@Gieek/Mueller Creek Valley

14
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General vegetation patterns that could be indicative of geomorpmgehavere mapped from
the aerial photographs. There are several stands of maturareeganear the mouths of Upper
Lake Creek and Mueller Creek, and also along the northeastern andpapiseof the valley.
These suggest that these areas have not been subject tecEByeecent geomorphic changes.
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 a@dds shows that the streams are
cutting through these deposits to re-establish grade. Cutbankssi dheas reveal 1-3 feet of
small gravel and silty/sandy overbank deposits underlain in some places by dogsed |

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 appeaintmndating and killing some
of the large old cedars along the northeastern edge of the yaileynt Upper Lake Creek
channel; Figure 4.12) between 1,400 and 2,500 feet upstream from the laése areas can
also be seen on the more recent aerial photographs; an area afedeas was evident on the
1994 photos, and recently killed cedars just upstream was seen on the 1998 photosdfthiwin
large 1996 flow event).

Figure 4.12
Photos of Upper Lake Creek Channel Showing SingleddAlder Stand and Recent Gravel Accumulations

4.4.1 Mueller Creek

Mueller Creek enters Packwood Lake from the wide valley athémwsd of the lake. A
reconnaissance of the stream was made on July 11, 2006 frdtwdedc Lake upstream
4,600 feet. The channel appeared to be deep and incised for thewitstifidred feet upstream
of the lake, then abundant log jams provided grade control and structure. Steekscilitizaigh

the older single-aged alder stands were present between 900-12000rfetite lake. Upstream
of that point the stream became smaller and low gradient witklspand boggy areas to
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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.

The field reconnaissance suggested incision extended a few hundrag fbueller Creek;
profiles were surveyed 855 feet up the stream. Figure 4.13 shovesirtresyed longitudinal
profile of the Mueller Creek thalweg, waters’ edge, bankfull, flowtplain. Figure 4.14 shows

the cross-sectional profile of these same stream indicat@acht station from downstream to
upstream. All cross sectional profiles are plotted on the saaph do show relative width,
depth, and elevation. Figure 4.15 shows the upstream change in bankftllanditdepth.
Table 4.4 lists dominant/subdominant substrate noted at each upstream station and ntites from
field survey on stream characteristics relative to channel incision.
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Figure 4.13

Longitudinal Profile of Mueller Creek

16



Draft Report Stream Connectivity in Packwood LakibTtaries Study
August, 2006

Energy Northwest Packwoalld Hydroelectric Project
FERC No. 2244

Mueller Creek
2868
4
2866
2864 “‘
~N
2862
s "
3z 2860
]
p---)
2858 {
2856 a
T A\ B
2854 pee—h
A
2852
0 10 20 30 40 50 60 70 80 90 100
---aA--- neg 118 —a—75 —e— 150 —a—150 —»—250 —x— 350
e 450 — ~+—550 — -0~ - 650 ) - 855
Figure 4.14
Cross-Sectional Profiles of Mueller Creek
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Figure 4.15

Bankfull Width and Depth of Mueller Creek
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Table 4.4
Substrate and Channel Notes on Incision From Mu€lteek.
Upstream station (ft) sub do?n(i)::r?? Qttjlbstrate Comments
-250 Sand/sand Drawdown lake level
-200 Sand/gravel
-150 Gravel/sand
-100 Gravel/sand
-86 Gravel/gravel
-82 Gravel/gravel
-80 Gravel/gravel
-58 Sand/gravel
-52 Gravel/sand
-30 Gravel/gravel
-29 Gravel/gravel
-14 Gravel/gravel
-8 Sand/gravel Below full pool
42 Sand/gravel
61 Gravel/sand
66 Gravel/sand
75 Silt/clay
150 right bank channel Silt/clay Big old cedars in this area
150 left bank channel Silt/clay
250 Silt/sand
350 Sand/silt
450 Sand/gravel
550 Sand/gravel
650 Gravel/sand
750 Gravel/sand Big log jam downstream of transect
855 Gravel/sand End of survey
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4.4.2 Upper Lake Creek

Upper Lake Creek enters Packwood Lake from the wide valleheah¢ad of the lake. A
reconnaissance of the stream was made on July 11, 2006 frdtwdedc Lake upstream
4,260 feet. The channel was deep and predominantly silty up to statiorUpS@eam of this
point there were gravel deposits in the channel, and severahisghat provided grade control.
The channel was narrow and deep with steep banks between station 700-1L@0@hizeven-
aged alder stands. From approximately station 990 to station 2500 timelclvas braided, full
of gravel, with gravel inundating the alders and cedars on the flondpl&ie large old cedars in
this area were dead but still standing, and there were yourdgr 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.

The reconnaissance suggested channel incision extended a few higsdreg@ Upper Lake
Creek; the profile was surveyed 1,460 feet up the stream. Figueshdlvs the surveyed
longitudinal profile of the Upper Lake Creek thalweg, waters’ edg@kfull, and floodplain.
Figure 4.17 shows the cross-sectional profile of these sammstréators at each station from
downstream to upstream in the channel upstream of full pool (4.17 a) #meldrawdown zone
(4.17b). Cross sectional profiles are plotted on the same graph to show reidtivedepth, and
elevation. Figure 4.18 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.
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Longitudinal Profile of Upper Lake Creek
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Cross-Sectional Profiles of Upper Lake Creek
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Cross-Sectional Profiles of Upper Lake Creek (Drawwa Zone)
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Figure 4.18
Bankfull Width and Depth of Upper Lake Creek
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Table 4.5
Substrate and Channel Notes on Incision From Uppke Creek
Upstream Dom‘”"?‘“t’
: subdominant Comments
station (ft)
substrate

Left Channel
-401 Sand/sand Drawdown lake level
-325 Sand/gravel
-270 Sand/gravel
-220 Sand/gravel
-176 Sand/sand
-151 Sand/sand
-120 Gravel/gravel
-85 Gravel/gravel
-65 Gravel/gravel
-7 Gravel/gravel
Right Channel
-400 Sand/sand Drawdown lake level
-300 Gravel/gravel
-100 Gravel/gravel
-50 Gravel/gravel
10 Sand/sand High lake water level
123 Sand/silt
242 Sand/silt
336 Sand/gravel
417 Gravel/sand
552 Gravel/sand
650 Gravel/gravel Big log jam; large cedars downstream from here
748 Gravel/gravel Alders upstream from here (6-10” dbh)
870 Gravel/sand
980 Gravel/sand
1071 Gravel/sand
1163 Gravel/sand
1267 Gravel/gravel
1303 Gravel/gravel
1367 Gravel/gravel Channel full of fresh gravel
1460 Gravel/sand Very young alders upstream from here

4.5 Crawford Creek

Crawford Creek enters Packwood Lake on the eastern shore, jiasbrof Upper Lake Creek.
At times in the past, Crawford Creek has flowed into Upper LaleelCinstead of its present
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configuration, and in a channel northeast of its present location. Crawford CreekesiuavEe
of past debris flows or torrents, with deposit features (debris [#o®es) and multiple channel
locations in a fan configuration extending from the mouth of the confinegbna Figure 4.19
shows the surveyed longitudinal profile of the thalweg, waters’,daygkfull, and floodplain.
Figures 4.20a and 4.20b shows the cross-sectional profile of thesesigaam indicators at each
station from downstream to upstream. All cross sectional prafileplotted on the same graph
to show relative width, depth, and elevation. Figure 4.21 shows the upsiaage in bankfull
width and depth. Table 4.5 lists dominant/subdominant substrate notedh ajpsgeam station
and notes from the field survey on stream characteristics relative to ciramsieh.
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Longitudinal Profile of Crawford Creek
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Cross-Sectional Profiles of Crawford Creek (Drawddone)
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Figure 4.21
Bankfull Width and Depth of Crawford Creek

25



Draft Report Stream Connectivity in Packwood LakibTtaries Study

August, 2006

Energy Northwest Packwoalld Hydroelectric Project
FERC No. 2244

Table 4.6
Substrate and Channel Notes on Incision From Crain@oeek
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
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5.0 FISH PASSAGE

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

When SE Trap Creek is drawn down below full pool level, the stgagient 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 thegepECreek 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 some chrib@ses, however. The
Oregon Department of Fish and Wildlife (ODFW) has establishigdria for fish passage

(2004). Under these criteria for bridges with supports (which olosely simulates the stream
conditions for Packwood Lake tributaries), minimum water depth forgdassage is 8 inches for
trout under 20 inches in length, kokanee, and juvenile steelhead and salmohV &ddFhas an

identical requirement for culverts, where minimum water depthaduolt trout (>6 inches or 150
mm) must meet or exceed 8 inches (WDFW 2000).

Using these criteria, Packwood Lake tributaries often do net maimum depth requirements
naturally due to low flow conditions in these some of these tribatamie¢he fall. Figure 5.1
shows Packwood Lake levels and inflow from 1999 — 2003. The lowest flow iooisdituring
the year typically exist during the fall period (late Sefgitem— early November). Physical
measurements taken during October, 2005 indicate minimum water depiieslower reaches
of SE Trap, Crawford, Osprey, and Trap creeks did not meet minimutim ci&eria even in the
stream reaches immediately above the drawdown zone that araucosty inundated. In
addition, Crawford Creek was observed to dry up in its lower reatineng the 2005 and 2006
summer field seasons, and was not observed to begin freely flowihghentall rains began.
SE Trap Creek, although presenting a physical barrier to upstre@nmation 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 csitalsieed above. Thalweg
depths immediately above the drawdown zone ranged from 0.25 ft to 0.B@Ke level is not a
determining level for this creek, however, since low stream feovesminimum 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 Trap or Crawford creeks during Summer 2006; Crawford Creglattaally dried up.

Additional information will be provided in the Fish Distribution and Spe€emposition Study
results.
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Packwood Lake Levels and Inflow 1999-2003
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Figure 5.1

Packwood Lake Levels and Inflow, 1999-2003, (Souvatershed GeoDynamics 2005)

6.0 DISCUSSION 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 opei#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 @liihe lake to absorb peak
discharges, the drop structure is overtopped (at elevation 2,858MSégtand excess runoff is
directed down Lake Creek. During times when the lake ismdwn, tributaries entering the
lake temporarily experience a lower base level. If flowsl@nrein these tributaries during the
drawdown, the tributaries could incise into the deltas and lake bed, iplbiyenausing fish
passage issues. |If tributary flows are high during drawdovasjan and headcutting in the
tributaries upstream of the lakeshore could occur. The data edll&mt this report evaluates
evidence of existing headcutting in streams and the potentiltioe headcutting as well as the

potential for fish migration concerns in the drawdown zone if ssda@come wide and shallow
as they flow across the drawdown area.

28



Draft Report Stream Connectivity in Packwood Lakibdtaries Study Energy Northwest Packwoalld Hydroelectric Project
August, 2006 FERC No. 2244

Field evidence and survey data show that the small tribut@ssdy, Trapp, SE of Trapp, and
Crawford creeks) entering Packwood Lake from the steep valli®g sire incised to a point
approximately 0-125 feet upstream from full pool level (Table 6.This incision is likely
influenced by fluctuations in lake levels due to Project operatibasge woody debris jams are
associated with the upward limits of incision in the streams} wbthese streams are small
enough that it is unlikely the debris jams will wash out in laimgt but a very large flow event or
debris torrent. Additional woody debris jams are located througheuthannels upstream of
the current limit of incision that could help to limit any furthgrstream incision if the current
wood washes out.

Table 6.1
Limit of Incision and Location of Permanent Graden@ol in Packwood Lake Tributaries
Tributary Approximate limit of incision Permanent grade control
(feet upstream from full pool) (feet upstream from full pool)
Osprey Creek 125 796-835
Trapp Creek 100 296
SE of Trapp 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 loaéiegt 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 timirgpafnel switching could be on
the order of centuries). Permanent grade control features stalls as large boulder cascades
are located at the point where each of the small tributants's the confined, higher-gradient
steep valley wall.

Upper Lake and Mueller creeks are located in a broad, low-gragiey. Field evidence and
the stream survey suggests these two creeks are incised apgisbxi400-500 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 finentake 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 numerous log jamadhas grade control
features and also trap gravel coming from upstream. Lake Ceggkscthe majority of the
water and sediment from the upper valley, and has numerous gravelaggraones resulting
from the large sediment sources upstream. Mueller Creek ordgdsxabout one mile up the
valley and carries comparatively little water or sediment.
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It is unlikely that additional incision will occur in the tribuesito Packwood Lake unless a very
large flow event or debris torrent occurs that washes out the Vvawod jams in the streams. No
additional study is recommended. .

Fish passage to Packwood Lake tributaries during the summer ambfathdown period is
impeded by low flows and associated minimum depths in SE Trap, Crawford, and Osprey
creeks that do not meet criteria standards for similar condi{mgs, WDFW culvert criteria).
These low flows and associated minimum depths are not relatedjéatRyperations. A barrier
to upstream passage exists in the drawdown zone on SE Trap Creektldeidnigh gradient of
the stream entrance; however, passage would be impeded even wighdtavwdown due to the
low natural flows that exist during this time of the year.
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