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INTRODUCTION

Energy Northwest’s Packwood Lake Hydroelectric Project, FERC No. 2244, received its initial
license in 1960. The majority of the Project is located in the Gifford Pinchot National Forest.
The Project consists of an intake canal, a concrete drop structure (dam) and intake building on
Lake Creek located about 424 feet downstream from 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 natural lake 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 to the Cowlitz River via a tailrace channel. Power
from the Project is delivered over an 8,009-foot 69 kV transmission line to the Packwood
substation.
From May 1 through September 15, Packwood Lake is maintained at its approximate natural
elevation (2,857 feet MSL). During the remainder of the year, the existing FERC license allows
lowering the lake level not more than eight feet below the summer lake level down to an
elevation of 2,849 feet MSL.
Anadromous salmonids are known to spawn in both lower Lake Creek and in the tailrace slough
where it adjoins the Cowlitz River. Spawner surveys in these two areas were initiated in 2004
(see Appendix 1). This study is proposed to more comprehensively examine anadromous
salmonid habitat and spawning in project-affected systems.
This study plan addresses studies encompassed by: NOAA Fisheries Study Plan 5 (Distribution
of anadromous salmonids in streams affected by the Project); NOAA Fisheries Study Plan 6
(Survey spawning activities occurring in streams affected by project operations); Washington
Department of Fish and Wildlife (WDFW) (Packwood Lake Project Spawning Surveys) and in
part, the U.S. Forest Service (Fish Distribution and Species Composition).
1.1

Study Plan Goals and Objectives

The goals of this study are to:
1.
2.
3.

Identify spawning habitat and quantify the amount of spawning by anadromous
salmonids in the streams affected by project operations.
Determine the presence and upstream limits of anadromous salmonid distribution in Lake
Creek, Snyder Creek, and Hall Creek.
Identify any project-related barriers to upstream migration.

Objectives of these Spawning Surveys include:
•
•
•

Map concentrations of redds for each salmon species.
Identify the flow that will cover the surface of the redds.
Estimate the percentage of redds that will be dewatered by reductions in river flow.
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Identify the presence of all species in the anadromous reaches of Lake, Snyder, and Hall
creeks and the tailrace slough, including anadromous species, rainbow and cutthroat trout and
other resident fish.
Identify barriers to anadromous fish in Lake Creek and project-related barriers in Hall and
Snyder Creek, if present.

2.0

AGENCY AND TRIBE RESOURCE MANAGEMENT GOALS AND
OBJECTIVES

Washington Department of Fish and Wildlife (WDFW), NOAA Fisheries and the USDA Forest
Service requested this study (WDFW 2005b, NOAA 2005, USDA Forest Service 2005). They
provided their resource management goals and objectives, which are listed below.
2.1

WDFW Resource Management Goals

The goal of WDFW’s management policy is no net loss of existing or potential habitat
production. The upper basin of the Cowlitz River is the site of reintroduction efforts for
Endangered Species Act listed salmon species. WDFW Resource Management goals related to
the reintroduction effort (Cowlitz Settlement Agreement) are cited by WDFW (2005) because
the listed species need to be considered in the evaluation of fish passage related to this Project’s
facilities. Goals directly applicable to the Project include:
2.1.1

Wild Salmonid Policy

The objectives of fish access and passage under the WDFW Wild Salmonid Policy (1995b)
include: 1) to ensure salmonids are protected from injury or mortality from diversion into
artificial channels or conduits; 2) to ensure natural fish passage barriers are maintained where
necessary, to maintain biodiversity among and within salmonid populations and other fish and
wildlife.
The goal of the Wild Salmonid Policy is to: 1) remove existing barriers, prevent creation of new
barriers, to ensure that usable or restorable habitat is accessible to wild salmon, and screen all
water diversions with state-of-the-art facilities designed to comply with current regional
protection criteria. Achieve No Net Impact for each species affected by hydropower projects
through a combination of: 1) project improvement measures to ensure high survival rate; and 2)
compensation/mitigation for unavoidable impacts.
2.1.2

WDFW Draft Hydroelectric Project Assessment Guidelines

The Washington Department of Fish and Wildlife Draft Hydroelectric Project Assessment
Guidelines (WDFW 1995a) explain the management goals of the WDFW regarding hydropower
projects. Studies are outlined to gather information necessary to assess potential impacts of a
hydroelectric project on fish and wildlife and their habitats.
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NOAA Fisheries Relevant Resource Management Goals

NOAA Fisheries has responsibility and authority under the Federal Power Act, 16 U.S.C. §791 et
seq., the Endangered Species Act, 16 U.S.C. §1531 et seq., and the Magnuson-Stevens Fishery
Conservation and Management Act, 16 U.S.C. §1801 et seq., to manage and protect anadromous
salmonid populations.
The Lower Columbia River Salmon Recovery Plan (LCFRB 2004) has identified these specific
recovery goals for salmonid populations in the lower Columbia Basin:
2.2.1

Adult Population Productivity and Abundance

1.

In general, viable populations should exhibit population growth rate, productivity, and
abundance that, in combination, demonstrate an acceptable probability of population
persistence. Various approaches for evaluating population productivity and abundance
combinations may be acceptable, but must meet reasonable standards of statistical rigor.
A population with non-negative growth rate and an average abundance approximately
equivalent to estimated historic average abundance should be considered to be in the
highest persistence category. To demonstrate this criterion, studies should include a
credible estimate of historic abundance, an estimate of current abundance averaged over
several generations, and an estimate of growth rate done with adequate statistical
confidence.

2.

2.2.2

Juvenile Migrant Production

The abundance of naturally produced juvenile migrants should be stable or increasing as
measured by observing a median annual growth rate or trend with an acceptable level of
confidence.
2.2.3

Within-Population Spatial Structure

The spatial structure of a population must support the population at the desired productivity,
abundance, and diversity levels through short-term environmental perturbations, longer-term
environmental oscillations, and natural patterns of disturbance regimes. The metrics and
benchmarks for evaluating the adequacy of a population’s spatial structure should specifically
address:
1. Quantity: Spatial structure should be large enough to support growth, abundance, and
diversity.
2. Quality: Underlying habitat spatial structure should be within specified habitat quality
limits necessary to support life history activities (spawning, rearing, migration, or a
combination) taking place within the patches.
3. Connectivity: Spatial structure should have permanent or appropriate seasonal
connectivity to allow adequate migration between spawning, rearing, and migration
patches.
4. Dynamics: Changes to the spatial structure should not harm its ability to support the
population. The processes creating spatial structure are dynamic, so structure will be
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created and destroyed, but the rate of flux should not exceed the rate of creation over
time.
5. Catastrophic Risk: The spatial structure should be geographically distributed in such a
way as to minimize the probability of a significant portion of the structure being lost
because of a single catastrophic event, either anthropogenic or natural.
2.2.4

Within-Population Diversity

Sufficient life-history diversity must exist to sustain a population through short-term
environmental perturbations and to provide for long-term evolutionary processes. The metrics
and benchmarks for evaluating the diversity of a population should be evaluated over multiple
generations and should include:
1. Whether substantial proportion of the diversity of a life-history trait(s) existed
historically,
2. Whether gene flow and genetic diversity is similar to historic (natural) levels and origins,
3. Whether there is successful utilization of habitats throughout the habitat; and
4. Whether populations show resilience and adaptation to environmental fluctuations.
2.2.5

General Habitat

1.

The spatial distribution and productive capacity of freshwater, estuarine, and marine
habitats should be sufficient to maintain viable populations identified for recovery.
The diversity of habitats for recovered populations should resemble historic conditions
given expected natural disturbance regimes (wildfire, flood, volcanic eruptions, etc.). To
the extent possible, diversity should be measured against historic conditions. Historic
conditions represent a reasonable template for a viable population; the closer the habitat
resembles the historic diversity, the greater the likelihood that it will be able to support
viable populations.
At a large scale, habitats should be protected and restored, with a trend toward an
appropriate range of attributes for salmonid viability. Freshwater, estuarine, and marine
habitat attributes should be maintained in a non-deteriorating state.

2.

3.

2.3

Forest Service Management Goals

Management direction for aquatic resources is contained in a variety of laws, policy, and
management plans. The following are specific rules and regulations providing direction
pertinent to the Packwood Lake Hydroelectric Project.
2.3.1

Gifford Pinchot Land and Resource Management Plan

The Gifford Pinchot National Forest Land and Resource Management Plan (1990), as amended
by the Northwest Forest Plan in 1994, provides the management direction for all National Forest
System lands and their associated resources directly affected by or within the project vicinity of
the Packwood Lake hydroelectric system. The Aquatic Conservation Strategy (ACS), a core
component of the Northwest Forest Plan, provides management direction aimed at maintaining
or restoring the ecological health and function of watersheds and the aquatic ecosystems
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ACS objectives most relevant to this study proposal include the

Objective 1 – Maintain and restore the distribution, diversity, and complexity of
watershed and landscape-scale features to ensure protection of the aquatic
systems to which species, populations, and communities are uniquely adapted.
Objective 2 – Maintain and restore spatial and temporal connectivity within and
between watersheds. Lateral, longitudinal, and drainage network connections
include floodplains, wetlands, upslope areas, headwater tributaries, and intact
refugia. These network connections must provide chemically and physically
unobstructed routes to areas critical for fulfilling life history requirements of
aquatic and riparian-dependent species.
Objective 4 – Maintain and restore water quality necessary to support healthy
riparian, aquatic, and wetland ecosystems. Water quality must remain within the
range that maintains the biological, physical, and chemical integrity of the system
and benefits survival, growth, reproduction, and migration of individuals
composing aquatic and riparian communities.
Objective 9 – Maintain and restore habitat to support well-distributed
populations of native plant, invertebrate and vertebrate riparian-dependent
species.
2.3.2

Forest Service Manual Direction

The Forest Service Manual (FSM) 2670.12 directs the Forest Service to:
1.
2.
3.

Manage habitats for all existing native and desired nonnative plants, fish, and wildlife
species in order to maintain at least viable populations of such species,
Conduct activities and programs to assist in the identification and recovery of threatened
and endangered plant and animal species, and
Void actions that may cause a species to become threatened or endangered.

The Forest Service Manual (FSM) 2670.22 directs the Forest Service to:
Maintain viable populations of all native and desired nonnative wildlife, fish, and plant species in
habitats distributed throughout their geographic range on National Forest System lands. A viable
population is further defined by FSM 2670.5 as one that has the estimated numbers and
distribution of reproductive individuals to ensure the continued existence of the species
throughout its existing range (or range required to meet recovery for listed species) within the
planning area.
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3.0

EXISTING INFORMATION AND NEED FOR ADDITIONAL INFORMATION

3.1

Existing Information

Preliminary spawning surveys of Lake Creek and the tailrace slough indicated Chinook and
coho salmon spawning in both lower Lake Creek and the tailrace slough in 2004. Coho
abundance has been relatively high in both areas, indicating suitable spawning habitat. Actual
production potential for both lower Lake Creek and the tailrace slough are unknown. The final
report for 2004 results is included in Appendix 1 to this study plan.
A draft report on the assessment of the chute/barrier complex at RM 1.03 as a barrier (EES
Consulting 2005a) was distributed for comment; and revised to an interim report in response to
comments received from the agencies. The interim report is attached to the Revised Fish
Passage Barriers Study Plan.
A preliminary draft report of fish passage at Hall and Snyder creeks (EES Consulting 2005b)
was also distributed for comment. In this report, the flume crossing Hall Creek was determined
not to be a barrier to upstream migration of anadromous salmonids. The precursory survey of
the Snyder Creek culvert was inconclusive; subsequent analysis will be conducted on this culvert
as part of the Fish Passage Barriers Study. The final report on fish passage for Hall and Snyder
creeks is attached to the Revised Fish Passage Barriers Study Plan.
The Forest Service (2005) identified Lake Creek as a Forest Service key watershed, meaning it is
important for recovery of “at risk” stocks. Lake Creek is currently in “good” condition or has
high potential for restoration to ensure long-term viability of anadromous fish resources.
3.2

Need for Additional Information

Some fish surveys have been conducted in Lake Creek, which focused on the presence or
absence of salmonids. These surveys did not provide sufficient information to evaluate project
effects on all life stages of anadromous salmonids. In addition, no systematic surveys have been
conducted in Snyder or Hall creeks.
A 2004 spawning survey conducted within the tailrace slough observed 30 adult coho salmon
and redds in the tailrace slough, and simultaneous surveys were conducted on Lake Creek (see
Appendix 1). No spawning information is available for Snyder Creek, Hall Creek, or the reach
of the mainstem Cowlitz River between Lake Creek and the Tailrace slough. To assess the
effects of project operations on spawning and redds of anadromous salmonids, information on
the timing and location of spawning is necessary.
The Existing Information Analysis for Aquatic Biology (USDA 2005) concluded that the
information is needed to answer key questions as follows:
1.
What are the current and historical distributions and abundance of anadromous and
resident fish species in the watershed?
2.
What are the life history strategies currently and historically used by anadromous and
resident fish species in the watershed?
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What changes to life history patterns or timing (e.g., migration, emergence, spawning)
have been observed in the watershed’s anadromous and resident salmonid populations?
What was the population (run) size of resident and anadromous fish populations in the
Cowlitz River and Lake Creek basin prior to the construction of Packwood Lake Dam?

Three areas of concern have been identified where more studies are warranted: 1) lack of good
spawning substrate near the mouth of Lake Creek; 2) lack of suitable spawning habitat above the
chute in Lake Creek (RM 1.03); and 3) how is the project’s dewatering of the tailrace during fall
project maintenance impacting spawning and egg incubation?
4.0

NEXUS BETWEEN PROJECT OPERATIONS AND EFFECTS ON RESOURCES

The Packwood Lake Project may have a direct link to the suitability of spawning habitat in the
lower reaches of Lake Creek due to reduced natural flows. During the project maintenance
shutdown in October, the tailrace is dewatered. Preliminary spawning surveys located redds
below the project tailrace. Prior to the January 2005 flood, all the water in the tailrace slough
(when the Cowlitz River water surface elevation (WSE) was less than the slough WSE) was
water diverted from Lake Creek for power generation. During the project shutdown in October
2004, there were federally listed species (Chinook) spawning in the slough below the tailrace.
A description of the existing environment is required for the FERC relicensing analysis. An
accurate and current understanding of aquatic organisms in the study area is a fundamental
component of such analysis. Additionally, most subsequent aquatic resource studies require a
thorough understanding of the life history, habitat requirements, and distribution of aquatic
species occurring in the basin.
Project operations directly affect flows in Lake Creek, the tailrace slough, and the mainstem
Cowlitz River between Lake Creek and the tailrace slough. However, flows diverted from Lake
Creek for power generation constitute less than 6% of the mean annual flow of the upper Cowlitz
River (EES Consulting 2005c). Snyder Creek is put through a culvert that passes under the
project tailrace; this culvert potentially presents a barrier to the migration of anadromous
spawners.
5.0

STUDY AREA AND METHODS

5.1

Study Area

The study area will include the following:
•
•
•
•

Lake Creek below the confirmed anadromous barrier (not currently determined).
Tailrace Slough below the tailrace to the confluence with the Cowlitz River (both right and
left channels).
Snyder Creek from its confluence with Hall Creek upstream to the end of the anadromous
zone.
Hall Creek from 200 meters downstream of the project flume crossing to 200 meters above
the project flume crossing and an index area upstream of the Snyder Creek Road.
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Cowlitz River near shore bank (left bank) downstream approximately 2,000 ft from the
confluence of Lake Creek and approximately 2,000 ft downstream from the confluence
with the tailrace slough. Examination of the habitat by EES Consulting indicates that flows
from the tailrace remain along a side channel of the Cowlitz River and to the left of a split
channel approximately 1,000 ft downstream of the confluence of the left channel of the
tailrace slough and the upper Cowlitz River. Surveys will continue upstream along the left
bank of the Cowlitz River until the confluence of the right channel of the tailrace slough is
reached (See Figure 5-1).

Figure 5-1. Study Area for Tailrace Slough
5.2

Methodology

5.2.1

Upper Extent of Anadromous Salmonid Distribution

The upstream limits of salmonid distribution and potential project-related barriers will be
documented by a physical survey of each stream from the mouth upstream to the first natural
barrier to anadromous salmonid upstream migration. The surveys will employ the method
described by Powers and Orsborn (1985), modified to exclude the “Fish Condition Factor”
(Powers, 2004), or fish passage determination as described in Section 5.2.2 of the Fish Passage
Barriers Study Plan. The Powers and Orsborn method has been used to identify a potential lower
barrier (RM 1.03 on Lake Creek). If the Snyder Creek culvert is found to be a barrier, Energy
Northwest will look for the next upstream barrier to anadromous fish migration and document it.
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Anadromous Salmonid Surveys

The portion of the project area below any impassible barrier verified by the agencies and tribes,
will be surveyed during the salmon and steelhead spawning seasons to document numbers and
distributions of spawners on Lake Creek, Snyder Creek, and Hall Creek. Any resident fish
spawning in the study areas of these creeks will be noted during the surveys. Although the
agencies have suggested that surveys be conducted on weekly intervals, spawner surveys have
been conducted twice monthly since late last fall and this study plan proposes that frequency
over the course of the spawning seasons.
As requested during consultation with the agencies and tribes, EES Consulting conducted
spawner surveys to note visibility and evaluate life of redds in Lake Creek and the tailrace
slough. Upon inspection, Lake Creek redds were still visible from spawning activities that
occurred during November, 2004; survey personnel also indicated that many more redds were
visible until the beginning of May (J. Blum, pers. communication with Brian Johnson, EES
Consulting June 22, 2005). The long life of these redds can most likely be attributed to the
controlled releases from the Project. In the tailrace slough, no redds have been observed since
the major flood event in January 2005. Given this information, Energy Northwest believes that
semi-monthly surveys will adequately address spawning timing, distribution, and relative
abundance.
Spawning periodicity is given below in Table 5-1 (Serl 2005). The timing of surveys will be
coordinated with the Tacoma Power trap and haul program. It should be noted that adults are
transported from Barrier Dam to the Skate Creek Road bridge, and that the fish found on the
Project are not necessarily from those releases and could have migrated from Lake Scanewa
(Serl 2005).
Table 5-1. Lake Creek Spawning Survey Schedule
Late Winter
Steelhead
Month
Spring Chinook
January
February
March
X
April
X
May
X
June
X
July
X
August
X
September
X
October
November
December

Late Coho
X
X
X

Cutthroat
X
?
?

X
X
X

X
X

X= Probable spawning
? = Possible spawning
The protocol as established in the Timber Fish and Wildlife Method Manual for the Salmon
Spawning Habitat Availability Survey (1999) will be used. In addition, spawner surveys will
include:
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species counted;
live fish count by species;
dead fish count by species;
water and viewing conditions;
redd count;
number of adults;
apparent percentage of spawning habitat used;
date survey was conducted;
surveyor and affiliation.

Redd locations will be marked and flagged with a detailed description. Utilization of GPS is not
feasible for most of that portion of Lake Creek where salmon spawning has been observed;
where it can be used effectively, redds will be marked, but the resolution of GPS might not be
precise enough for mapping in small areas. Carcasses will be tail cut after sampling to eliminate
double counting. Female carcasses will be opened up and spawning success evaluated.
Hydraulic conditions (e.g., depth, velocity, and substrate) will be measured if feasible and
without harassing the fish.
Any dead anadromous salmonids found on spawning surveys should be examined to determine if
they have spawned or are pre-spawning mortalities, and should record the presence of tags.
Energy Northwest will cooperate with WDFW and other groups conducting tagging studies in
the Cowlitz basin in identifying tagged fish and returning tags or information to the tagging
agency.
Information on water depth above redds will be taken from the instream flow studies being
conducted on Lake Creek and the Tailrace Slough, and a sensitivity analysis will also be
conducted to determine the impacts, if any, on redds with reduced flows. Please see these
respective study reports.
5.2.3

Fish Distribution and Abundance Surveys

Habitat use information will be gathered by a combination of visual, electroshock, and
snorkeling surveys. Various factors will determine the proper method used. Electrofishing
surveys face the greatest potential restrictions due to possible injury of listed salmonids.
Snorkeling may be unsafe or ineffective during some periods. Visual observations may suffice
for documenting large fish and spawning activity while minimizing disturbances.
NOAA Fisheries suggested that two surveys should be conducted during each spring, summer,
fall and winter season. Energy Northwest does not believe that two detailed surveys estimating
population levels should be required each season; rather, one relative abundance, species
composition and distribution survey will be conducted during the spring, summer and fall
seasons for a period of one year. When water visibility during the winter season allows, surveys
will be conducted for spawners. In the 2004 period, most water conditions did not allow
spawner surveys.
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Observations of fish will include location, fish species, activity (holding, spawning, etc.) and
approximate size. Surveys should be conducted for initially one year. At the end of the year
results will be shared with the agencies and tribes. The need for a second year of data will be
discussed at that time. If the length of stream below the first upstream barrier to anadromous
salmonid distribution makes a full survey of the reach impractical, statistical subsampling will be
conducted. Any subsampling method employed will also provide a statistical estimate of likely
error in determining the absence of anadromous salmonids within the reach. Subsamples are
expected for Lake Creek; Hall Creek will be surveyed for 200 meters above the tailrace flume to
200 meters below the tailrace flume.
If feasible and conditioned upon the scientific collection permit and NOAA Fisheries
Endangered Species Act permit, electrofishing techniques will be employed. If electrofishing is
not permitted in the anadromous zone, visual and snorkeling methods will be employed. The
method chosen will be reviewed and subject to approval by the agencies and tribes.
5.3

Products

The products of the Anadromous Salmonid Habitat and Spawning Survey Report will be draft
and final reports discussing the results of the salmon distribution (life stages and species) in
lower Lake Creek, Snyder Creek, and Hall Creek. Preliminary data collected will be reviewed
by the agencies and tribes to determine if modifications to the study design are necessary. Draft
copies of the Anadromous Salmonid Habitat and Spawning Survey Report will be provided to
the agencies and tribes for review and comments. The final study report will be provided to the
agencies and tribes for their files.
5.4

Consistency with Generally-Accepted Scientific Practice

The survey protocol proposed by Energy Northwest is essentially the same as outlined by
WDFW and NOAA-Fisheries.
5.5

Relationship with Other Studies

Results from the Tailrace Slough Use by Anadromous Salmonids study, Anadromous Salmonids
Habitat and Spawner Survey study, Geomorphology and Habitat of the Tailrace Slough study,
Tailrace Slough Instream Flow study, and Water Quality study will be considered in determining
Project impacts in the tailrace slough area.
6.0

CONSULTATION WITH AGENCIES, TRIBES AND OTHER STAKEHOLDERS

Energy Northwest initiated agency consultation in December 2003 and has been conducting
spawner surveys since summer 2004. A Water Quality and Aquatic Resources Committee was
formed in March 2004. Representatives include Energy Northwest, EES Consulting, WDFW,
USFWS, NOAA-Fisheries, Department of Ecology, the Forest Service, the Cowlitz tribe, and the
Yakama Nation. Updates will be provided and preliminary data collected will be reviewed
periodically by agencies and tribes to determine if modifications to the study design are
necessary. Draft copies of the Anadromous Salmonid Habitat and Spawning Survey Study will
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be provided to the agencies and tribes for review and comments. The final study report will be
provided to the agencies and tribes for their files.
7.0

PROGRESS REPORTS, INFORMATION SHARING, AND TECHNICAL
REVIEW

Technical reports, including the draft and final Anadromous Salmonid Habitat and Spawning
Survey Study will be shared with agencies, tribes, and stakeholders and will discuss the progress
of the studies. Energy Northwest and its consultant will also report on the methods, progress,
and results of the study at the Water Quality and Aquatic Resources Committee meetings.
Energy Northwest will provide copies of the draft report to interested stakeholders for review.
Review periods will be 30 days, after which Energy Northwest and its consultant will take
review comments into consideration when making revisions and producing a final report.
8.0

SCHEDULE

Data collection efforts will be initiated in 2005 as soon as the parties reach agreement and the
necessary permits are secured. The study will continue for one year, at which point the results
will be reviewed with the agencies and tribes, and a determination will be made concerning the
need to conduct a second year of surveys. The draft report will be produced by November 30,
2006.
9.0

LEVEL OF EFFORT AND COST

The level of effort given below is for one year of spawner surveys, fish population estimates on
lower Lake Creek, Tailrace Slough, Hall Creek, and Snyder Creek and habitat mapping on lower
Lake Creek and the tailrace slough. It is anticipated that each survey will take 2 days (including
travel); safety considerations require the use of two people for the surveys. Two surveys will be
conducted per month. Additional snorkeling/elecroshocking/visual observations will take a crew
of 3, three days for the summer surveying, adding an additional 9 person days. Mapping of
spawning substrate in lower Lake Creek will require 2 people 4 days; substrate mapping of the
tailrace slough will take 3 days, for a total of 69 person days. Time will be required for project
management, data analysis and draft and final reports requiring an additional 18 person days. It
is assumed that other tasks will be incorporated with these visits, so that expenses (mileage, hotel
and per diem and travel time) can be shared.
Estimated costs for the study plan are $88,000. The cost of spawning studies conducted in
calendar year 2004 was approximately $57,450.
10.0
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FINAL
LAKE CREEK AND TAILRACE SLOUGH
SPAWNING SURVEYS, 2004

SECTION 1: INTRODUCTION
As part of the relicensing of the Packwood Lake Hydroelectric Project (FERC No. 2244 - Project), the
agencies and tribes requested spawner surveys for anadromous salmonids in lower Lake Creek and in the
slough below the tailrace. Per the Cowlitz River Project settlement agreement of August 10, 2000,
anadromous fish are being reintroduced into the upper Cowlitz River above Barrier, Mossyrock, and
Cowlitz Falls dams via trap-and-haul of adults. The target species under this agreement are Chinook and
coho salmon and steelhead trout (City of Tacoma 2000). With this reintroduction strategy, there is the
potential for these species to utilize lower Lake Creek and the tailrace slough. Because there is no current
data on species using either lower Lake Creek or the tailrace slough, electrofishing, snorkeling, and/or
spawner surveys are being conducted to verify the presence and relative abundance of anadromous
salmonids as well as rainbow trout, cutthroat trout, lamprey, and sucker. This report summarizes the
results of spawner surveys conducted through December 2004.
Lake Creek is located at the outlet of Packwood Lake and flows to the northwest approximately 5.3 miles
to the upper Cowlitz River where it enters at approximately River Mile (RM) 129.2. Water used to
produce power for the Project is diverted from Lake Creek at approximately elevation 2857 ft MSL and
delivered to the powerhouse at about elevation 1057 ft MSL. Generation water is then returned to the
upper Cowlitz River via a tailrace, which carries water about 6,700 ft from the powerhouse to where it
joins the Cowlitz River at approximately RM 125.2.
The lower end of the tailrace was washed away in floods in the late 1970’s, and the slough has been
reconfigured several times as the Cowlitz River has changed its course through the area. Prior to the
latest flood events, when the Cowlitz River was at a medium to high level, the Cowlitz River flowed into
the slough and was the main control for this area; when the Cowlitz River was low, water flows and levels
in the tailrace slough were controlled by Project flows. The latest reconfigurations occurred on December
11, 2004 when the daily mean stream flow was 9,650 cfs as measured at the USGS gage on the Cowlitz
River at Packwood (No. 14226500), and January 18, 2005 when the daily mean stream flow was 13,800
cfs.
SECTION 2: METHODS
EES Consulting, Inc., on behalf of Energy Northwest, has conducted twice-monthly anadromous spawner
surveys of Lake Creek and the tailrace slough since the latter part of July 2004. For each survey, the
following information was collected:









Date
Time
Water temperature
Water visibility conditions
Gage height (Lake Creek lower gage, or both gages in the tailrace slough)
Number of live salmonids observed
Number of carcasses observed
Number and location of redds
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If new redds were found, they were marked and flagged along the nearest shore. Detailed notes were
taken of location so that redds would not be double-counted on subsequent surveys. If fish were observed
actively working on redds, depths and velocities were recorded at both the left and right sides of the redd
as well as the substrate utilized.
Lake Creek spawning surveys were conducted up to a potential lower barrier at RM 1.03. When safe to
do so, surveys were extended upstream to below the acknowledged anadromous barrier at RM 1.95
[Note: An assessment of this barrier will be conducted per the Revised Fish Barrier Study Plan]. In the
tailrace slough, surveys were conducted from the confluence with the Cowlitz River upstream to the
tailrace and down the left side channel (looking in the downstream direction) several hundred feet until
the substrate and hydraulics of the stream channel changed.
In addition, Energy Northwest researched the history of anadromous fish in the watershed as well as the
life stage history and timing in the upper Cowlitz River, as included in the Pre-Application Document
(Energy Northwest 2004). Existing information on fish surveys and salmon and steelhead released near
Packwood as a result of the trap and haul operation from Tacoma’s Mayfield Dam to the Skate Creek
Bridge was summarized.
SECTION 3: RESULTS
3.1

Spawner Surveys

Spawner surveys commenced on July 26, 2004 and continued through the end of December 2004.
Surveys will continue in 2005 for late-run coho and winter steelhead. Table 1 summarizes survey results;
complete information is provided in Appendix A. Twelve and thirteen surveys were conducted in the
tailrace slough and Lake Creek, respectively.
Table 1
Anadromous Salmonid Surveys in Lake Creek and Tailrace Slough, 2004
Location
Lake Creek

Tailrace
Slough

Date
07/26/04
08/11/04
08/25/04
08/29/04
09/16/04
09/28/04
10/16/04
10/28/04
11/11/04
11/28/04
12/09/04
12/21/04
Total
Total

Chinook

Coho
Coho
Coho
Coho
Coho
Chinook
Coho

07/26/04
08/11/04
08/25/04
09/02/04

Page 2

Species

Chinook

Spawners
0
0
1
0
0
0
0
4
6
7
0
6
1
23

Redds
0
0
1
0
0
0
0
3
5
13
7
5
1
33

0
0
0

0
12
0

0

0

Carcasses

Comments

2
Unidentified; possible

2
2
2

Approximate
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Table 1 (continued)
Anadromous Salmonid Surveys in Lake Creek and Tailrace Slough, 2004
Tailrace
Slough

09/16/04

Coho
Coho

0
0
0
3
11

0
0
0
3
7

1

11/23/04

Coho

0

3

1

11/23/04
12/09/04

Coho
Coho

0
12

1
34

0

12/09/04

Coho

0

10

1

12/09/04

Coho

2

1

0

12/20/04
Total
Total

Coho
Chinook
Coho

2
0
30

12
59

0
3

09/28/04
10/28/04
11/11/04
11/23/04

Main channel
Side channel below lower
gauge
Below side channel at
mouth of Cowlitz
Main channel
Side channel below lower
gauge
Below side channel at
mouth of Cowlitz
Stream blown out and
reconfigured

More spawning activity was observed in the tailrace slough than in Lake Creek. Twelve Chinook redds
were noted in the slough during surveys, all of which were aggregated immediately below the tailrace
terminus. The estimate of redds in this area is an underestimate due to poor visibility and the inability to
distinguish individual redds in an area where multiple spawning had occurred. Another area with mass
spawning activity was on the left side channel below the tailrace; individual redds were noted at the
confluence of the tailrace slough (main channel) and the upper Cowlitz River (See Figure 1). [Note:
Figures are for illustrative purposes only and are not drawn to scale].

Figure 1. Location of Chinook and coho redds, Tailrace Slough.
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Coho salmon were more abundant in the slough than in Lake Creek, with 59 redds observed during
surveys and 30 adult coho salmon present in this reach. The peak of the spawning run in 2004 appeared
to be from the latter part of November through early December, when 23 coho were present and 41 redds
were counted. Figure 1 shows the location of the coho and Chinook redds in the tailrace slough. Most
spawning occurred immediately below the tailrace terminus, with the areas so heavily spawned that it was
difficult to accurately estimate actual numbers of redds.
In Lake Creek, no confirmed live Chinook salmon were observed during spawning surveys, although
several were noted while Energy Northwest was conducting other studies on the creek. Coho salmon
were much more abundant, with 23 adults observed and 33 redds noted. Unlike the tailrace slough, the
coho appeared to enter the stream and spawn over a more protracted time (late October through late
December). Most of the spawning occurred not at the mouth but in the more confined portions of Lake
Creek above RM 0.4; much of the spawning was in the vicinity of the Forest Service Boundary at RM
0.7. The lack of good spawning substrate near the mouth of Lake Creek is also noted by John Serl
(WDFW) in e-mail correspondence to Ms. Lauri Vigue when he states that, “While we were in the area
last week, we walked Lake Creek from the mouth to the old highway bridge and did not observe any signs
of spring Chinook spawning. At least in this area, there did not appear to be much suitable spawning
gravel for Chinook” (personal comm., October 1, 2004). Fishing activity for salmon appears to be
concentrated near RM 0.6 – 0.7; a gutted female coho was found here as well as fishing line and some
tackle.
Spawning in Lake Creek continued until about 500 ft below the chute at RM 1.03; no spawning was
observed above this point, although several surveys continued above the chute to the area of the
confirmed anadromous barrier. This is consistent with the results of the physical habitat survey, which
indicated a lack of suitable spawning materials above the chute.
Trap and haul records of Chinook and coho salmon for the 2004 season released in the upper Cowlitz
River and at the Skate Creek Bridge in Packwood are listed in Table 2.
Table 2. Summary of Chinook and Coho Salmon Released in Upper Cowlitz River, 20041/
Dates
Species
Location
Number
June 28 - July 4
Chinook/jack
Skate Creek Bridge
112/6
July 12 – July 18
Chinook
Skate Creek Bridge
83
Sept 29 – 30
Coho
Cispus 2810 Site
14
Sept 16 – 17
Coho
Franklin Site
131
Sept 3 – Dec 29
Coho and jacks
Scanewa Day Use Site
1173
1/ Source: Southwest Washington Fish Report 2004 (http://wdfw.wa.gov/fish/reg5/creel04.htm)

3.2

Historic Utilization and Timing of Anadromous Salmonids in the upper Cowlitz River

Historically, spring Chinook, fall Chinook, and coho salmon and winter steelhead trout had access to the
upper Cowlitz River as well as other species such as lamprey and sucker. The construction of Tacoma’s
Mayfield Dam blocked access to the Cowlitz River and tributaries located upstream of the dam site. A
variety of strategies have been employed since then to reintroduce anadromous salmonids to the upper
Cowlitz River.
The Cowlitz River Project had been required to plant spring Chinook and coho salmon fry and fingerlings
in tributaries of the upper Cowlitz River. Records show that 24,500 coho were planted in Lake Creek in
1976; 297,500 spring Chinook were planted in 1977, and 107,800 coho were planted in 1982 (Stober

Page 4

July 2005

Final

Lake Creek and Tailrace Slough Spawning Surveys, 2004

1986). Spring and fall Chinook were passed over the dam from 1962-1966. From 1974-1980, spring
Chinook were hauled to the upper Cowlitz, while small numbers of fall Chinook were hauled to the Tilton
and upper Cowlitz River from 1967 - 1980. A returning adult trap and haul program for all of these
species and races began in 1994 (Energy Northwest 2004).
3.2.1

Spring Chinook

Spring Chinook enter the Cowlitz River from March through June (Northwest Power and Conservation
Council 2004b). Natural spawning for spring Chinook occurs between late August and early October;
with spawning primarily occurring in the main stem upper Cowlitz River above Packwood and in the
Cispus River between Iron and East Canyon creeks (Northwest Power and Conservation Council 2004a).
Fry emerge between November and March, depending on time of egg deposition and water temperature.
Spring Chinook fry spend one full year in fresh water and emigrate in their second spring as age-2 smolt
(Northwest Power and Conservation Council 2004b).
3.2.2

Fall Chinook

Fall Chinook enter the Cowlitz River from early September to late November. Natural spawning occurs
between September and November; the peak is usually around the first week of November. Fry emerge
around March or April, depending on time of egg deposition and water temperature. Fall Chinook fry
spend the spring in fresh water and emigrate in the summer as subyearlings (Northwest Power and
Conservation Council 2004b).
3.2.3

Coho Salmon

The majority of coho salmon returns are from late stock which spawns from late November to March.
Natural spawning occurs in the main stem and tributaries of the upper Cowlitz, Cispus, and Tilton rivers.
Juvenile rearing occurs upstream and downstream of spawning areas. Juveniles rear for a full year before
migrating as yearlings in the spring (Northwest Power and Conservation Council 2004a).
3.2.4

Winter Steelhead

Known spawning areas include the main stem Cowlitz near Riffle and the reach between the Muddy Fork
and the Clear Fork and the lower Ohanapecosh River. Adult migration timing for Cowlitz winter
steelhead is from December through April (Northwest Power and Conservation Council 2004b).
Spawning time is generally March to June. Juvenile rearing occurs both downstream and upstream of the
spawning areas (Northwest Power and Conservation Council 2004a). Wild steelhead fry emerge from
March through May. Juveniles generally rear in fresh water for two years; juvenile emigration occurs
from April to May, with peak migration in early May (Northwest Power and Conservation Council
2004b). A returning adult trap and haul program was begun in 1994 (Northwest Power and Conservation
Council 2004b).
Tables 3 – 5 summarize the transport of Spring Chinook salmon, coho salmon and steelhead trout above
the Cowlitz Falls Dam by year, respectively [Note: data provided by John Serl, WDFW].
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Table 3
Spring Chinook Adults Transported Above Cowlitz Falls Dam by Year
Year

Unsexed

Female

Male

Jack

Total

1996

2

4

0

6

1997

0

25

26

51

1998

0

0

0

0

1999

53

38

177

268

2000

98

106

0

204

2001

68

60

0

128

119

179

50

1,787

4,482

4,089

18

8,589

3,143

3,595

305

7,043

2002

1,465

2003
2004 through
6/9/04

Table 4
Coho Adults Transported Above Cowlitz Falls Dam by Year
UMUMUMADADFemale
Male
Jack
Female
Male
AD-Jack

Time Period

Total

1996-97

932

594

629

2,155

1997-98

2,774

1,262

464

4,500

1998-99

4,128

4,140

3,154

11,422

1999-2000

2,398

2,383

120

10,594

11,635

7,197

34,327

2000-01

514

778

284

14,653

16,674

9,566

42,469

2001-02

1,150

1,644

96

15,504

21,564

1,497

41,455

2002-03

3,661

4,688

416

23,698

30,490

6,300

69,253

2003-04

3,477

4,511

484

9,526

11,169

6,143

35,310

Time
Period

Table 5
Steelhead Adults Transported Above Cowlitz Falls Dam by Year
UMUMUMRVRVRVADADFemale Male Jack
Female Male Jack
Female Male

ADJack

Total

1996-97

22

12

0

5

14

0

0

1

0

32

1997-98

6

5

0

5

1

0

26

23

0

60

1998-99
19992000

15

24

13

10

29

3

6

49

8

142

108

107

0

28

73

0

19

77

0

304

2000-01

133

125

37

71

122

20

70

124

27

596

2001-02

346

419

1

174

492

1

453

898

3

2441

2002-03

316

205

2

335

241

0

933

497

3

2216

2003-04

146

146

4

100

167

0

214

619

1

1251

UM = Unmarked
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3.3

Previous Investigations

3.3.1

Physical Habitat Surveys

In 1993, the Forest Service conducted physical habitat surveys of Lake Creek from the outlet of
Packwood Lake downstream to its confluence. The Forest Service determined that Lake Creek has
1.9 miles of potential anadromous habitat and 5.4 miles of resident rainbow habitat. As part of the Lake
Creek instream flow study, an additional physical habitat survey of Lake Creek was conducted in 2004
and identified a potential anadromous barrier (chute complex) at River Mile (RM) 1.03 (EES Consulting
2004). An additional study is being conducted to evaluate the efficacy of that barrier.
3.3.2

Salmonid and Spawner Surveys

WDFW conducted a coho spawner survey in December 1997 on Lake Creek from its confluence with the
upper Cowlitz River to the Highway 12 Bridge. No anadromous salmonids were observed during this
survey. Both the Forest Service and WDFW have electroshocked and snorkeled Lake Creek for resident
trout in the past. In 1996, WDFW identified coho salmon, and steelhead and cutthroat trout in the lower
reach; both WDFW and the Forest Service captured both rainbow and cutthroat trout above the barriers in
upper Lake Creek. EES Consulting Inc. observed and identified both coho salmon and rainbow trout
juveniles below the barriers in lower Lake Creek in 2004.
SECTION 4: DISCUSSION
Chinook and coho salmon have been observed occupying habitat and spawning in lower Lake Creek and
the tailrace slough in 2004. Lake Creek appears to have limited production for Chinook salmon, but coho
abundance has been relatively high in both areas, indicating suitable spawning habitat. Spawner surveys
in the tailrace slough did not encompass all areas in both right and left channels, as well as the nearshore
area of the Cowlitz River downstream of the confluence of the slough. Surveys for these areas have been
included in the Anadromous Salmonid Habitat and Spawning Survey study plan, commencing in June
2005. Flows in lower Lake Creek appear to be sufficient to attract salmon upstream as evidenced by the
presence of fish and successful redd construction. Actual production potential for the area at this time is
unknown; additional information will be available once the instream flow study is completed.
The tailrace slough appears to have potential to produce anadromous salmonids as well. In 2004,
however, events occurred that significantly changed the production from this area, including Project
shutdown for maintenance and two major storm events that reconfigured the slough below the tailrace.
4.1

Project Maintenance

Every October, the Packwood Lake Hydroelectric Project is shut down for annual maintenance. Prior to
the shutdown, Packwood Lake is drawn down to its lowest level (potentially 2849.0 ft MSL) after which
the flows to the turbine are shut off. Flows to the tailrace channel cease at this time, and eventually, the
tailrace and tailrace slough are dewatered. During the October 2004 outage, the tailrace slough was
mostly dewatered from the site of the lower gage down to the confluence with the Cowlitz in both side
channels when the Cowlitz River was low and Project flows were controlling the water flows and levels
in the tailrace slough (see Figure 2). However, a deep standing pool remained that extended from
immediately below the tailrace terminus to downstream of the upper gage. The majority of the Chinook
salmon spawning in the tailrace slough occurred in this area, which was still wetted. However, the
balance of the slough was dewatered with the resulting loss of any Chinook salmon production in the side
channels.

Page 7

July 2005

Final

Lake Creek and Tailrace Slough Spawning Surveys, 2004

Figure 2. Tailrace slough prior to December 11, 2004 flood event.
4.2

Winter Storm Event

Flows in the upper Cowlitz River at Packwood increased by over an order of magnitude from December 9
(when Energy Northwest conducted a spawner survey) to December 11, 2004, when river flows were
increased from 1,050 cfs to 12,800 cfs. As a result of this event, the Cowlitz River changed course in the
vicinity of the tailrace slough and reconnected a previously dormant side channel below the tailrace
terminus (See Figures 2 and 3; Photo 1). The side channel appears to be contributing between 30 and 40
cfs to the tailrace flow when examined on December 27, 2004. Subsequently, another high flow event
occurred in January 2005. Preliminary analysis is indicating that about 20% of the upper Cowlitz River
has been diverted to immediately upstream of the tailrace terminus.

Photo 1. Tailrace terminus (right of photo) and new Cowlitz River side channel (center of photo) after
December 11, 2004 flood event.
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Figure 3. Tailrace slough after December 11, 2004 flood event.
Although Energy Northwest was not present to witness the actual event, subsequent examination indicates
that the flood flows appeared to have been sufficient to scour out many of the existing redds in the side
channels, and deposit silt over some of those that remained. The flood also changed the dynamics of the
slough, with more water now flowing through the left channel than had prior to the storm event. New
gravel deposits were found in the channels below the lower gage, and large woody debris (LWD) that had
previously been situated in the lower mainstem of the slough now was in the main channel of the Cowlitz
River. Those redds situated immediately below the tailrace terminus were again spared, since the new
channel cut in immediately below the major depositional area.
The most productive area for spawning in the tailrace slough is the area immediately below the tailrace
terminus. Given its location upstream of the new Cowlitz side channel and with the area that stays
inundated during plant shutdown, this area most likely remains viable under most conditions.
Redds in other downstream areas are susceptible to changes in river course resulting in potential
dewatering or scouring. Another area that has potential to support larger numbers of anadromous
salmonids is the left channel of the tailrace slough downstream of the tailrace terminus. Habitat
assessments and surveys of this area will be conducted as part of the relicensing studies.
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PACKWOOD SPAWNING SURVEYS
Date

Location

7/26/04

Tail Race

7/26/04

Lake Creek

8/11/04

Tail Race

8/11/04

Lake Creek

8/25/04

Tail Race

8/25/04

Lake Creek

9/2/04

Tail Race

8/299/02/04

Lake Creek

9/16/04

Tail Race

9/16/04

Lake Creek

9/28/04

Lake Creek

9/28/04

Tail Race

10/16/04

Lake Creek

10/28/04

Destination
upper gage-mouth
/side channel
mouth-above study
site 2
upper gage-mouth
/side channel
mouth-chute
upper gage-mouth
/side channel
mouth-chute
upper gage-mouth
/side channel
Study Sites
1,2,3&4
upper gage-mouth
/side channel

Gage (feet)

Water
Temperature
(oF)

Visibility

Spawner
Presence

Redds

2.4 gage 1

60

clear

none

none

7.0

50

clear

none

none

N/A

59

clear

none

~12

6.8

57

clear

2 Chinook
carcasses

none

flagged, one above Transect 3,
one ~100 yds below chute

3.95 gage 1,
2.26 gage 2

59

Very
turbid

None

none

upper gage

8.0

51

slightly
turbid

1
unidentified

1 possible

N/A

clear

none

no new;
some old

none

none

none

none

N/A

clearturbid
Very
turbid

Comments
lower gage

possible abortive redd on
Transect 1 Study Site 1,
measurement taken

2.2 gage 1,
1.1 gage 2

57

mouth-chute

7.6

50

clear

none

none

mouth-mile 2

1.69

50

clear

none

none

1.85 gage 1,
1.76 gage 2

60

slightly
turbid

none

none

mouth-chute

1.67

56

clear

none

none

Lake Creek

mouth-chute

1.78

42

clear

4 coho

2 definite

above gage, flagged

10/28/04

Lake Creek

mouth-chute

1.78

42

clear

none

1 possible

flagged

10/28/04

Tail Race

0.88 gage 1,
0.75 gage 2

42

clear

none

none
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upper gage-mouth
/side channel

upper gage-mouth
/side channel

tailrace dewatered, side channel
dry
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Final

Lake Creek and Tailrace Slough Spawning Surveys, 2004

PACKWOOD SPAWNING SURVEYS
Date

Location

Destination

Gage (feet)

Water
Temperature
(oF)

Visibility

Spawner
Presence

Redds

11/11/04

Lake Creek

mouth-above chute

1.86

42

clear

6 coho

4 definite,
1 possible

flagged

11/11/04

Tail Race

upper gage-mouth
/side channel

1.84 gage 1,
1.74 gage 2

46

slightly
turbid

3 coho

3 definite

flagged

11/18/04

Lake Creek

Study Site 4

11/23/04

Lake Creek

mouth-chute

1.86

43

clear

7 coho

11/23/04

Tail Race

1.52 gage 1,
1.40 gage 2

45

12/9/04

Lake Creek

2.15

40

12/9/04

Tail Race

1.73 gage 1,
1.61 gage 2

42

turbid

14 coho

12/21/04

Lake Creek

2.07

41

clear

6 coho

12/21/04

Tail Race

2.19 gage 1,
2.10 gage 2

41

turbid

2 coho

Appendix A, Page 2

upper gage-mouth
/side channel
mouth-chute
upper gage-mouth
/side channel
mouth-chute
upper gage-mouth
/side channel

slightly
turbid
slightly
turbid

14 coho
2 coho

5 definite,
7 possible
9 definite,
1 possible
6 definite,
1 possible
45
definite
2 definite,
3 possible

Comments

flagged
flagged
flagged
flagged
flagged

July 2005

