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1.0 INTRODUCTION

Energy Northwest operates the Packwood Lake Hydroelectric ProjecdBmogar the town of
Packwood in Lewis County, Washington. On November 12, 2004 Energy Northwest filed a
Notice of Intent (NOI) to file an application for a new license to operatPribject. Energy
Northwest also concurrently filed with the Federal Energy Regulatory @Gssiom (FERC) and
the resource agencies, a Pre-Application Document (PAD), containingngxisfievant, and
reasonably available information describing the existing environment and tinigdatéfects of
Project facilities and operations. Additional studies of the potential effeBiofct operations
on large wood in Lake Creek were requested to supplement information contained ithe PA
(USFS 2005).

Energy Northwest, in consultation with tribes and agencies, developed and hasantptem
study to evaluate the potential effects of Project operations on large woqebttansower
Lake Creek (Watershed GeoDynamics 2005). This report provides results leamgthevood
study.

Note: this report discusses large woody debris, a general term used tioedegsr and trees in
streams. Wood in this study was inventoried in several size classes, inclugegriadium and
small. Discussions of “large woody debris” refer to all logs and trees inrdaesbf countable
size (over 12 inches in diameter and 25 feet long) and includes all size classrssibns of
“large size class” wood includes only logs in the large size class (overt8&imcdiameter and
50 feet long).

1.1 Project Area and Study Area
1.1.1 Project Area

Energy Northwest’'s Packwood Lake Hydroelectric Project, FERC No. 2244addts initial
license in 1960. The majority of the Project is located in the Gifford Pinchot Nakorest,

east of the town of Packwood (Figure 1.1). The Project consists of an intake canateteconc
drop structure (dam) and intake building on Lake Creek located about 424 feet dawrfisirea
the outlet of Packwood Lake, a 21,691-foot system of concrete pipe and tunnels, a 5,621-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 lake that pre-elesteaject,

situated at an elevation of approximately 2,857 feet above mean sea level (MSL), about
1,800 feet above the powerhouse. Water discharged from the Project is released tdithe Cow
River via a tailrace channel. Power from the Project is delivered over an 8,0@®fodt
transmission line to the Packwood substation.

1.1.2 Study Area

The study area encompasses the outlet area of Packwood Lakekan@Greak from the drop
structure to the confluence with the Cowlitz River.
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Figure 1.1 Project Location.

2.0 STUDY GOALS AND OBJECTIVES

The goal of this study is to assess how operation of the Packwood Lake HydroPlegaot
affects the supply and transport of large woody debris in Packwood Lake and i@ regke
downstream of the drop structure.

Study objectives include:

Inventory large wood in Lake Creek downstream of the drop structure.

Assess large woody debris that collects behind the log boom.

Assess wood recruitment and transport processes in Lake CreektoEasmn of the
drop structure.

Develop a wood management plan for the Packwood Lake Hydroelectric Project.
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3.0 METHODS
3.1 Large Woody Debris Survey in Lake Creek

A survey of existing instream wood in Lake Creek between the droptiee and the Cowlitz
River was made on September 2, 3, 5, 6, and 7, 2005. Wood with at leastionehe wetted

channel was recorded as “in wetted channel.” Wood with one end inrtkib&hannel was

counted as “in bankfull channel.” Wood that spanned the channel or wasgleaver the

bankfull channel was counted in the “potential input” category to proviaeasure of future
wood loading potential. Wood size classes were assessed as small, medrgen lmaidad on the
criteria in Table 3.1.

Table 3.1 - Size Class Criteria for Large Woody Debris

Size Class Diameter Length
Small 12 — 24 inches > 25 feet
Medium 24 — 36 inches > 50 feet
Large >36 inches > 50 feet

Wood was counted within 100-foot-long channel segments to provide informalioat
longitudinal distribution of wood. Each wood piece was assigned a soategory and a
relative decay category to provide information on wood source areast@age time in the
system (Table 3.2 and 3.3).

Table 3.2 - Large Woody Debris Source Criteria

Source Category Criteria (based on May and Gresswell 2003)

Mass wasting Deposit associated with landslide at the root end

Mortality or windthrow Broken bole or uprooted tree (bole/roots on slope)

Bank erosion Undercut trees; roots on bank

Fluvial transport Bole within bankfull channel; cannot trace bole orsrdot
adjacent hillside

Unknown but local Bole extends into adjacent forest, but no recruitment proaes
be identified

Table 3.3 - Large Woody Debris Decay Class Criteria

Decay Class Criteria

Fresh Bark intact, full limbs visible

Old Bark over 50% gone or over 50% moss covered; many limb stubs
visible

Very old Bark gone, covered with moss, few or no limb stubs visible

Alive Live trees —used for those in the “potential” category

Log jams were also noted; often these jams contained maogsped wood too small to be
counted in the inventory.
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3.2  Large Wood Transport

During the field inventory, all wood over 12 inches in diameter and 29degtat five study
sites was tagged and mapped (Figure 3.1). Study sites were located as follows:

Wood Study Site 1 — RM 0.42 (2,200 ft from mouth)
Wood Study Site 2 — RM 0.87 (4,600 ft from mouth)
Wood Study Site 3 — RM 2.41 (12,700 ft from mouth)
Wood Study Site 4 — RM 4.39 (23,200 ft from mouth)
Wood Study Site 5 — RM 4.96 (26,200 ft from mouth)

At each location, all wood of appropriate size within a 100-foot-lcmannel reach that has at
least one end within the bankfull channel was tagged and mapped. &hedos site were also

taken to further document the current location of each piece (AppAhdiXhe study sites were

visited following the flow release of 299 cfs (release on May2086) to determine if any of the
tagged wood moved, or if any wood moved in from upstream reaches.

Legend

= Gravel Study Sites
Large Wood Study Sites

‘;\'i{ e
(7

0 1,250 2500 5,000 7,500 10,000
— Feet

Figure 3.1- Large wood and gravel study sites.

Beginning in September 2005, large wood (over 12 inches in diameter areet26rfg) that
reached the log boom was tagged by plant operators and leftkwdtatLake. Information on
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the size of each piece of wood (diameter, length) and timingeolarge wood that reaches the
log boom was recorded. Results through the end of August, 2006easnigd in this report;
tagging is scheduled to continue through August 2007.

3.3 Feasibility of Moving Large Wood into Lower Lake Creek

A feasibility study was conducted to determine the potential forimy wood into Lake Creek.

Different methods for placement that were discussed in formatitimso$tudy plan include: the

use of cranes or hoists; manually moving wood from lake to below dnagiise using some

type of wheeled vehicle; helicopter movement of wood over drop strubelregpter placement

in other areas of lower Lake Creek; or cutting selected doweed that are currently spanning
lower Lake Creek so they are engaged in Lake Creek.

The feasibility study includes an analysis of the differenthows possible to move wood,
engineering requirements, costs, permitting, access and land use constraints.

4.0 RESULTS
4.1 Large Wood in Lake Creek

Large wood was inventoried in Lake Creek between the Cowlitz Riverthe drop structure.
Wood was counted in three different size classes (small, methitge) and whether it had at
least one end in the wetted channel (“wetted channel”), in the bardkfatinel (“bankfull
channel”) or had the potential to fall into the channel (either spanning or leaninh@wbiannel
— “potential wood”). In addition, the decay class (alive, fresh, old, elefyand source of each
piece (mortality/windthrow, mass wasting, bank erosion, fluvial parts or unknown) was
recorded to provide information on where wood in the stream is coimung Log jams were
noted; many log jams had only one or two pieces of wood that wges daough to be counted,
with many other smaller pieces of wood associated with the fanotal of 212 pieces of wood
were inventoried in the wetted channel, 247 within the bankfull channel, and 208 pqiectasl
of wood (Table 4.1).

Table 4.1 — Pieces of Wood in Lower Lake Creek
Wetted Channel Bankfull Channel Potential Wood
Reach| Large| Medium | Small | Large | Medium | Small| Large| Medium | Small
1 1 0 6 0 0 3 0 0 5
2 2 2 1 2 3 8 1 0 3
3 18 32 50 12 26 83 21 31 18
4 23 21 30 14 28 54 28 28 4(
5 7 2 17 2 5 7 8 10 15

The majority of the wood was located upstream of River Mile YRM (Figure 4.1). Log jams
were prevalent in these same areas, with several majogjansd RM 3 and near the upper end
of Reach 4. The major jams were generally associatédlavge streambank slides that brought
in many pieces of wood and locally affected stream geomorphology.
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Figure 4.1- Cumulative large wood in lower Lake Creek (in wetted or bankfull channel).
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One metric that the USFS and other resource management agencies ofbetougeate streams
is the number of pieces of wood per stream mile. Pieces of woadilgewere calculated in
each size class (small, medium, large) in each streanh.re®ood per mile in the wetted
channel, bankfull channel, and potential categories are shown in $iguze 4.3, and 4.4,
respectively. Reaches 1 and 2 had less than 10 pieces of woodepar tihd wetted channel or
in the potential category, and most of the wood was in the sntaiarg. Reach 3 had 40-50
pieces of wood per mile in the wetted and bankfull channel. Rea@res3lhad the most wood
per mile in the wetted channel (60-70 pieces) and potential piéeesod (nearly 80-90 pieces
per mile). Reach 4 had almost 80 pieces per mile in the bankéarhel and Reach 5 had about
35 pieces per mile in the bankfull channel. Many of the potentakpiof wood in Reaches 3,
4, and 5 spanned the channel due to the fact that the channel isdafityed through much of
these reaches.

Large Wood per Mile in Wetted Channel

90

80

70
2 60 —
£
$ 50 L |{OSmall
.g)_ O Medium
5 40 M Large
8
= 30 —

20 —

0 - N

1 2 3 4 5
Reach

Figure 4.2— Large wood in wetted channel.
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Large Wood per Mile in Bankfull Channel

90

80

70

60

50 O Small
O Medium
40 M Large

Wood pieces/mile

30 —

20 —

10 —
ol [ || || .
1 2 3 4 5
Reach

Figure 4.3- Large wood in bankfull channel.
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Figure 4.4- Potential large wood.

The decay class of wood provides information about how frequently wosubpdied to the
stream. Figure 4.5 shows the decay class of dead wood (not inclivéingtanding potential
trees) by size class. Approximately 70% of the wood of a#issis very old; 15% is old, and
15% is fresh. This suggests that there is a fairly constantysapplood to the stream, and few
logs are transported out of the stream.

10
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Decay Class of Wood
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Figure 4.5~ Decay class of wood (dead wood only).

The source of large wood also shows that most of the wood iddic@hsources, with very little
fluvial transport of pieces of wood large enough to be counted (Figbyre #he majority (50-
60%) of wood in the wetted or bankfull channel comes from treesgdaihto the channel
(mortality or windthrow). Another 15-20% of logs come from masginggarrying trees into
the channel, and 6-7% come from bank erosion. Wood that has been fluaiadlyarted to its
position in the stream accounts for only 12% of small logs, 6% ofumeltigs, and none of the
large logs. This suggests that Lake Creek is small enough arsitla a confined channel that
transport of wood through the creek is a rare event. There wdeneei of transport of smaller,
non-countable pieces of wood in the system. Log jams had one or mage pfecountable
wood, and many pieces of smaller wood that had become lodged on the jam.

11
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Source of Large Wood
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Figure 4.6- Source of large wood in channel.
4.2 Large Wood Movement in Lower Lake Creek

Wood of countable size was labeled at five study locations in Cadek, one in each of the five
reaches. Study locations are shown on the study area map ie BigjurThe characteristics of
each piece of tagged wood are shown in Table 4.2.

The majority of wood in Lake Creek comes from mortality/windthrioem trees near the
channel. In many areas of Lake Creek, the narrow confined vaitegraall stream size causes
most of the wood that falls into the creek to either span the dhanteefall with one end in the
channel and the other end on the hillside. The estimated flow required to reach théedpwwf t
and high end of each piece of wood was determined based on the heigttt ehdaof the log
above the low flow water surface, the diameter of each log, ar@uiic modeling done as part
of the Gravel Transport Report (see hydraulic modeling sectidarafel Transport Study for
details, Watershed GeoDynamics 2006). For example, the lonesifehe fresh log at Study
Site 2 was 1.5 feet above the low flow water surface. Thisvemysmall (12" diameter), so a
water depth of 2.5 feet above the low flow water surface would edde submerge the low
end of the log, which corresponds to an estimated flow of 600 cfs. @oe @i wood at study
site 3 was estimated to be able to move at flows of approxyn@s€ cfs, except that it was
pinned by other logs on top of it so would require those logs to moste fiFlows above
1,600 cfs were estimated to be required to move all other piecesodf Whe highest recorded
flow in Lake Creek near Packwood (lake outlet) prior to the Proyas 1,400 cfs on December
22, 1933 (USGS gage site 14225500). The highest recorded flow at thsitgagas 1690 cfs
on December 2, 1977. None of the labeled wood moved following any diotheeleases
(largest release was 299 cfs) from the planned spill eventhandietay class of the logs, even
those that showed evidence of past fluvial transport, was old or wryTdlis suggests that
wood in size class Small, Medium, and Large are transported Meeguently in lower Lake
Creek.

12
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Table 4.2 — Wood tagged at study locations

) EstQto
Above Water (ft) of
Low/High
Study Decay Left Right End of
Site Size Source Class Bank Bank | Log (cfs)* Notes
. Alder; spans wette
Mortality/ 1,600/ L
1 Small windthrow Old 3.5 3.5 1,600 channel, in bankful
channel
Mortality/ 1,800/ _
, Small windthrow Very old 4.0 3.5 2 200 Burned on inside
Mortality/ 600/
Small windthrow Fresh 1.5 3.7 1,900
Old/very 250/ Spans wetted
Small Unknown old 1 0.5 350 channel
Fluvial 450/ Spans wetted
Small transport Old 15 6 2,100 channel
Mortality/ 10 250/
3 Small windthrow Very old (on bank) 0.5 very high
. Mortality/ 20 900/
Medium windthrow Fresh (on bank) 2 very high
Fluvial 200/
Small transport Very old 0 5 1,700
. Mortality/ 50 350/ ,
Medium windthrow Very old (on bank) 0 very high Toppled from cliff
Mortality/ 120/
Small windthrow Very old 3.3 0 2200
Mortality/ 900/
4 Large windthrow Very old 0 2 2,800
. Mortality/ 2,800/ | Spans wetted
Medium windthrow Fresh 3.4 3.2 3,400 channel
Mortality/ 350/ Spans wetted
Small windthrow Fresh 0.7 33 2,200 channel
. Bank Has root wad —
Medium Erosion Very old | On bank 4 spans channel
Mortality/ Spans wetted
Small windthrow Oold On bank 4.5 | Not able_ to channel
Mortality/ model:
Medium . Very old | On bank 1 boulder
windthrow
5 Bank cascade/ws
Small Erosi old On bank 0 terfall/log
rosion jam
Bank .
Large Erosion Old On bank 0 complex Root wad in chann
Small Mortallty/ Very old | On bank 0
windthrow

* The estimated flow to reach the top of the lomd ahigh end of each log was determined based omabld

modeling described in the Gravel Transport reptbet, diameter of the log, and the height of each amve the

observed (low flow) water surface elevation.

13
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Even if wood becomes mobile in lower Lake Creek, it is unlikely ithavould be transported
very far. Most studies have found that there is little transgoldrge woody debris in small
channels. Wood lengths must be shorter than the bankfull width torspdreéed (Flanagan
2004, Wohl 2000) and moving wood tends to be deposited in locations where the chptinel de
is less than the buoyant depth, at channel constrictions, and at bemasri@ and Grant 2001).
These studies are supported by data from the stream habitabaddnventory in Lake Creek.
Average bankfull widths in Lake Creek range from 30-60 feet; therenany constrictions in
every reach of the creek with bankfull widths as low as 6 feetaddition, the creek is full of
large boulders and other large roughness elements that can trap Wood. of countable size
has minimum lengths of 25-50 feet. These pieces would be cautlet constricted areas of the
stream or on the large roughness elements. The wood inventoryudptats this conclusion;
there were numerous locations in the stream with log jams and baies that would
preclude the movement of any sizeable pieces of wood. None ddrgeelogs (over 3 ft in
diameter and 50 ft long), only 6% of the medium logs (over 2diameter and 50 ft long) and
12% of the small logs (over 1 ft in diameter and 25 ft lohgWed evidence of fluvial transport.
Fluvially transported logs were very old (92%) or old (8%); none Viresh, supporting the
conclusion that transport of woody debris is an infrequent occurrenigere Was evidence of
fresh movement of smaller pieces of wood in the system, but tregsenat large enough to be
included in the inventory.

4.3 Large Wood Movement in Packwood Lake

Pieces of floating wood that reached the log boom in Packwood Lakemeasured and tagged
starting on September 8, 2005. Wood was checked during each visit itdatkes structure,
usually weekly or bi-weekly through February, once in March, and tlesklw starting in mid-
April. One piece of wood was tagged in September 2005, two piecesdyirFearuary 2006,
and eight pieces in late May (Table 4.3). The eight pieces tamhering the high lake level
associated with the spill event (299 cfs on May 18).

Table 4.3 — Wood tagged at log boom in Packwood Lake
LWD Decay Root
Date ID Size class | Class Wad? Notes
9/8/05 1 Small Very olg No
2 Could not get in to tag these pieges
2/7/06 3 of wood; they were gone at the
3/20/06 check
4 Medium Old Yes At boat launch (parallel to shore)
5 Medium Very old Yes Double trunk
6 Small Very old No
7 Small Very old No Sawed log
5/25/06 8 Small Very old No Sawed log
9 Small Very old No Sawed log
10 Medium Fresh Yes
11 Medium Old No

14
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No new wood has arrived at the log boom from May through October 2006 .ofTive logs are
sinking; one of these slipped under the log boom and is moving into the tHammestream of
the boom. Wood will continue to be checked during operator visits to the itiieough the end
of August, 2007.

4.4  Feasibility of Moving Large Wood into Lower Lake Creek

Energy Northwest considered a variety of methods for moving larged wdebris from
Packwood Lake into Lake Creek. Options are constrained by the laokdfccess for heavy
equipment, the need to keep the spillway clear of all wood matendlthe small number of
logs that are available for transport.

4.4.1 Hoists and Cranes

The first option considered was the use of a hoist or crane tlodsdt out of the water for
subsequent transport to the creek. Logs could be floated past the log boom to thetrintake
and removed from the water using a crane or hoist constructethadaft abutment wing walls.
However, this method is limited by FERC safety considerationgehaire that the spillway not
be impaired in any way. This means that logs cannot be storedamstf the drop structure in
the intake canal nor can they be placed or held in the stillisig baea below the drop structure
(see Figure 4.7).

Since it is probably not economically feasible to construct a boameaonr hydraulic grapple
large enough to both pick up the wood and place it beyond the drop struihmg lsasin, it
was determined that for this option the wood would be lifted out of rwatesubsequent
transport to the creek. The logs would have to be transported alongithieom the drop
structure area to Lake Creek by the use of wheeled oacteity or drag the wood. Because the
use of large equipment like skidders is not desired in this are&, @bthe logs may need to be
cut to facilitate transport by manual means. Installation ofame or hoist would require
permission and permits from the Forest Service and FERC for icaidih of a Project facility.
The construction of a crane or hoist would require a substantial fountiaiowould require a
design change to the drop structure, and typical construction a&stiyékcavation and steel /
concrete placement).

Access to the intake structure is limited to that which catadmsported over a hiking trail. The

cost for installing a crane or hoist without the availabilitymaddern construction conveniences
could run well in excess of $200,000 and poses a multitude of construction problems.

15
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Figure 4.7- Photos showing dro structure and stilling apron from downstream.

4.4.2 Helicopter Transport

Helicopters have been used in logging operations in the Pacifibst, and could be used at
Packwood Lake to transport logs around the drop structure for platemd.ake Creek.
However, access to Lake Creek would be somewhat difficulaa fbelicopter and it may not
result in successful placement of the wood in the desired locatiothe worst case, it is likely
that the wood would end up spanning the creek as currently occurseadhfall. The cost for
using a helicopter is estimated to be $1,200/hour.

Energy Northwest would need to work with the Forest Service torothtainecessary permits or
permission that might be needed to allow the use of a helicoptesiarea. Outside of Forest
Service property, it is possible that permits would be required oth@r agencies such as the
Washington Department of Fish and Wildlife, Department of Ecology, and LewisyCount

16



Draft Report Large Wood Study Energy Northwesckwood Lake Hydroelectric Project
November 2006 FERC No. 2244

4.4.3 Manual Movement

Given the small number of logs arriving at the log boom, the mastipal method may be to
have the Project operators move the wood manually provided they woaltbWwed to cut the
wood into manageable pieces. Shorter lengths would allow the aselodeled cart pulled by
an ATV to carry or drag logs from the lake shore (around the drogws&yda@and roll them into
the upper reach of Lake Creek. It is thought that this method could smmte logs from 8 to
15 feet long depending on their weight. Experience may dictateshiogter lengths be used.
This activity would likely disturb the shoreline in the loading aaea the connecting trail
around the drop structure with drag marks. Use of the ATVs orak@dhoreline may also
require a permit. Although this study concludes that only a smiadépige of the larger log
size categories (Table 3.1) are subject to fluvial transpastlikely that shorter pieces would be
more likely to move at intermediate flows and would constructively add toghears along the
creek.

Between the drop structure and the beginning of tunnel 1, there isQlfbiget of trail that runs
along the left bank of Lake Creek. Several areas of level shem@le present where logs could
be rolled into Lake Creek from the trail. This area is linetth @weciduous trees and several may
need to be removed to improve stream access (Figure 4.8). Thartraihway from the stream
at the lower end of this section and there is no other road adoesgsthe creek until the
Highway 12 crossing near the mouth.

L

Bicke nil

Figure 4.8- Photo showing stream access below dropsructure.

4.4.4 Tree Cutting Along Lake Creek

Cutting standing deadfall or wood that is spanning Lake Creek wouliebmost economic and
practical option to quickly put large wood into the lower reachdsaké Creek. The costs for
deploying personnel and equipment to complete this activity would Inémali  Skilled

personnel should be able to place wood in the wetted channel as dirEciedtudy determined
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that Lake Creek below mile 2.1 has a limited amount of large wdedly lidue to historic
management practices. There may be a limited number of suibgisl available to drop into the
channel as a result of past logging practices in this area.

The Forest Service would need to provide the cutting permits antifyjdeandidate logs. The
first 0.75 miles of Lake Creek is located along private propértyay not be feasible to place
wood in this area. However, if the private property owners wouldeatp placement of large
wood in the creek, it is probable that permits would be required frber agencies such as the
Washington Department of Fish and Wildlife, Department of Ecologpafent of Natural
Resources, and Lewis County.

4.4.5 Conclusion on Feasibility of Moving Large Wood around the Drop Structure

If wood transport around the drop structure becomes mandatory, EneihyvBkirbelieves that
the manual means of transport is the most practical and costiveffe Because of the limited
number of logs available for movement, the construction of a crane omassdetermined not
to be cost effective. The helicopter method is also a prasttation for a small number of logs
but is expensive and may not produce the desired results. To aithdrémsk of large wood in
the lower reaches of Lake Creek, it is recommended that lodahgcite considered. The
effectiveness of cutting local fallen trees spanning the chantatairdead trees would likely be
limited by a lack of available candidate trees close toctieek as a result of past logging
practices.

5.0 DISCUSSION AND RECOMMENDATIONS

Critical Question/Objective 1. Inventory large wood in Lake Crdelwnstream of the drop
structure.

The primary source of instream wood in lower Lake Creek is toeas falling into the creek by
windthrow, tree mortality, and mass wasting. Wood and log jassalbundant upstream of
approximately River Mile 2.1, with 90-130 pieces of countable wood/miler (b2anches in
diameter and 25 feet long) in the combined wetted and bankfull chanRelkches 3, 4, and 5.
The undisturbed riparian forest in these reaches and ripariantfmasegnder the USFS Forest
Plan should result in a continued wood supply in these reaches in the future.

There is less wood in the lower 2.1 miles of the creek. A tdt@5ocountable pieces of
wood/mile were inventoried in Reach 2, and 15 pieces of wood/mile imReachere are few
local sources of future large wood in Reaches 1 or 2. Theseeseaoh less confined than
upstream reaches, and appear to have been affected by past lodrmature trees from the
riparian zone in at least some locations. It is likely thatune conifer stands will not be
available to provide local sources of instream wood in these easee the term of the new
license. The Project has no control over, and continued operation of taet Pag no effect on,
the past or future harvest of riparian areas along Lake Creek.

Lower Lake Creek is confined upstream of approximately RM 0.6) ait average bankfull

width of 30-60 ft, and many locations where the channel is much nar(baekfull width as
low as 6 feet) and/or contains large-scale roughness elemsgrtt as large boulders that would
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catch and stop most woody debris of the size inventoried in thig @S 2004). Little fluvial
transport of large woody debris under these conditions is expectecutro ddhe wood inventory
supports the conclusion that wood transport is rare; no wood in the laeyelass, 6% of
medium wood, and 12% of small wood showed signs of fluvial transport. WMuvesported
wood was either old or very old, further reinforcing the hypothesisldingé woody debris is
transported very infrequently in lower Lake Creek. None of the thgged at the study sites
moved during the 299 cfs flow release.

Critical Question/Objective 2. Assess large woody debris that collects bi@inolg boom.

A total of 11 pieces of countable wood arrived at the log boom ikviRed Lake between
September 2005 and September 2006. Three pieces arrived under normaigperstitions.
Eight of these pieces arrived during the 299 cfs flow releaseaiyy Mhen the lake level was
higher than normal and water was flowing over the drop structureeré&ef these logs have
either drifted away or become submerged during the study period.tavingiof logs arriving at
the log boom will continue through August 2007 to provide another year afudaer normal
operating conditions.

Critical Question/Objective 3: Assess wood recruitment and transport processes.

Information collected as part of the large wood study suggests that the mafjangyream wood
in Lake Creek comes from local sources. Packwood Lake is nojoa swaurce of wood for
Lake Creek. Fluvial transport of wood large enough to be included invtbetory occurs very
infrequently, and the numerous channel constrictions and large bouldé&es imaearly
impossible for wood to be transported very far in the stream. Toewequate wood in Lake
Creek upstream of RM 2.1. There are few pieces of wood downstreBidl @1, but this is
likely the result of past management activities in the ripaziane which removed large trees.
Future operation of the Packwood Lake Hydroelectric Project naill have an effect on the
supply of local large woody debris in any of the stream reachEhere will likely be little
transport of large woody debris in lower Lake Creek over tha td@rthe new license. Even
under an extreme high flow, it is unlikely that wood will be transgabktery far in Lake Creek
due to the channel conditions mentioned above.

Critical Question/Objective 4: Develop a wood management plan for thkwead Lake
Project.

This section includes conclusions made by Energy Northwest, wiaoh necessary in order to
develop the wood management plan as specified in the Study Plan.

The primary concern of the study plan was that the log boom and dumpustr block large
wood pieces from reaching and moving down Lake Creek thus degradihgliitat there. The
results of the study indicated that Packwood Lake is not a n@joces of large wood in lower
Lake Creek. Three pieces arrived at the log boom under normalingeranditions during the
first year of survey; eight additional pieces arrived during abnéynimagh lake levels and
induced spill conditions. Inventory results show that the primary safrtarge wood for Lake
Creek is derived from local sources along the creek andamatffuvial transport. Accordingly,
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moving large wood around the drop structure will not, in Energy Northsvepthion, produce a
noticeable change in the wood profile for Lake Creek. In fact, wood calorg the creek

below the drop structure indicate that there is abundant wood and logfi@hsize categories
in the wetted and bankfull positions above mile 2.1. The study alsoledvisat the lower

reaches of Lake Creek below mile 2.1 had very low wood counts. SThikelly due to historic

management practices on these lands. So, although this lowlerigenost in need of attention,
it is not attributed to a Project effect.

A wood management plan is included as Appendix B.
5.1  Future Studies

Wood will continue to be tagged and monitored at the log boom in Packwéedhraugh the
end of August, 2007. The five wood study sites will be re-vidiemssess movement of tagged
wood following the high flow that occurred in November 2006. A freglort will be prepared
following the conclusion of the study.

5.2  Wood Management Plan
A wood management plan is included in Appendix B.
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APPENDIX A. LARGE WOOD STUDY SITE PHOTOS

LARGE WOOD SITE 1

LARGE WOQOD SITE 2
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LARGE WOQOD SITE 3
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LARGE WOOQOD SITE 4
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LARGE WOOQOD SITE 5
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APPENDIX B. DRAFT WOOD MANAGEMENT PLAN

This draft of the wood management plan is based on the conclusions lafgaevood field
study and the need for and feasibility of moving wood past the ddropture. It is anticipated
that a final wood management plan will require supplemental consultation and revision.

The following information is discussed:

Where wood should be moved or placed (moved around drop structure or placed at
specific points in creek) — Section 1

Method to move wood (based on feasibility analysis) — Section 2

When wood movement should take place (frequency and timing) — Section 2

Criteria for size of wood to be moved or placed — Section 2

Methods to determine flows that move wood in lower Lake Creek — Section 3

Monitoring plan/adaptive management plan — Section 4

1.0 Need for Wood in Lake Creek

The primary source of instream wood in lower Lake Creek is togas falling into the creek by
windthrow, tree mortality, and mass wasting. Wood and log jamsalundant upstream of
approximately River Mile 2.1, with 90-130 pieces of countable wood/miler (b2enches in
diameter and 25 feet long) in the combined wetted and bankfull chanRebches 3, 4, and 5.
The undisturbed riparian forest in these reaches and ripariantgmageander the USFS Forest
Plan should result in a continued wood supply in these reaches in the future.

There is less wood in the lower 2.1 miles of the creek. A tdt@5ocountable pieces of
wood/mile were inventoried in Reach 2, and 15 pieces of wood/mile ihReaghere are few
local sources of future large wood in Reach 1 or 2. These reaahdssarconfined than
upstream reaches, and appear to have had past harvest of matifeotrethe riparian zone in
at least some locations, particularly on privately-owned landss likely that mature conifer
stands will not be available to provide local sources of instwaaod in these reaches over the
term of the new license. These reaches could benefit fromadtigion of instream wood to
provide aquatic habitat and retain gravel. However, operation of tjecPdoes not appear to
be the cause of the lack of wood in these reaches, and the Reaget control over or effect on
the past or future harvest of riparian areas along Lake Crde&h \@ppears to be the primary
cause of low wood volumes.

2.0 Feasibility of Moving Wood Past Drop Structure

If transport of larger pieces of wood around the drop structure becomedatary, Energy

Northwest believes that the manual means of transport by the qbenators is the most
practical and cost effective. This method requires the cuttindgpeofwood into manageable
pieces to facilitate movement along the trail. Because dintited number of logs available for
movement and the high cost of construction, the use of a crane owhsidetermined not to be
cost effective. The helicopter method was also considered t@izetical solution for a small

number of logs but is expensive and may not produce the desired results.
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If large pieces of wood are required to be moved around the dropusé;usood would be
moved annually during the fall (October) maintenance outage when dreatten season is
winding down and personnel are available to perform the work. Low éadats|at this time
would further facilitate the work.

3.0 Flows Required to Transport Wood in Lake Creek

Lower Lake Creek is confined upstream of approximately RM 0.6) wit average bankfull
width of 30-60 ft, and many locations where the channel is much nar(baekfull width as
low as 6 feet) and/or contains large-scale roughness elemsgrtt as large boulders that would
catch and stop most woody debris of the size inventoried in this. sthigidraulic modeling
suggests that flows over 1,600 cfs would be required to mobilize vevgd at the study sites.
The highest recorded flow at the Lake Creek gage downstreaackivBod Lake was1690 cfs
in December, 1977. The wood inventory supports the conclusion that wood tramspoet no
wood in the large size class, 6% of medium wood, and 12% of small vnoweed signs of
fluvial transport. Fluvially transported wood was either old or vedy frther reinforcing the
hypothesis that large woody debris is transported very infrequently in lakerCreek.

Information collected as part of the large wood study suggests that the mafjangyream wood
in Lake Creek comes from local sources. Fluvial transport of warge lkenough to be included
in the inventory occurs very infrequently, and the numerous channefkicboss and large
boulders make it nearly impossible for wood to be transported veip the stream. Future
operation of the Packwood Lake Hydroelectric Project will not reaveffect on the supply of
local large woody debris in any of the stream reaches.reThi likely be little transport of
large woody debris in lower Lake Creek over the term of the li@mse unless a very large
flood occurs. Even under an extreme high flow, it is unlikest targe woody debris will be
transported very far in Lake Creek due to the channel conditions didcaissve. Because large
wood will not be transported very far in Lake Creek, and becauseishaéneadequate supply of
existing and future large woody debris in Reach 5, it does not afifs¢anoving large woody
debris around the drop structure is needed.

4.0 Monitoring Plan

If required, Project operators will move pieces of wood that réeelog boom around the drop
structure if they are small enough to be managed by two peoplee 3imedler pieces of wood
are more likely to be transported in lower Lake Creek, and provide small odgdonis, which is
also important to the stream ecology. Project operatorsiogiland tag all wood they move
around the drop structure that is over 6 inches in diameter and 1Mhgeand record the
location where these logs are placed downstream of the drop stru@perators will check for
tagged wood at these locations annually to determine if wood piecesnoaeel. If wood has
moved, it will be noted, and reported, along with any Project spill events over theaast
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