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Intr oduction and Over view
The Eagle Island Project Identification and Design Project identifies and designs restoration
projects with the goal of improving overall habitat values in the Eagle Island area of the North
Fork Lewis River, Washington. The NF Lewis River provides habitat for Chinook, coho,
steelhead, and chum, all listed as threatened under the federal Endangered Species Act (ESA).
The combined effects of the hydropower system, development, and instream activities have
resulted in a severe loss of off-channel habitat in the lower river.
The stream reaches that include Eagle Island, located at approximately river mile 12, have
been identified as high priority areas for salmon recovery within the Lower Columbia region.
This island is one of the few areas in the North Fork Lewis system that provides a variety of
natural conditions, including some of the best rearing habitat in the system. The Eagle Island
property was purchased by Clark County in 2000 with the goal of protecting this habitat in
perpetuity. Ownership of the property is in the process of being transferred to the Washington
State Department of Fish and Wildlife. Studies of channel conditions and anecdotal evidence
indicate that conditions have changed in and around the island, including colonization by
invasive plant species, disconnection of side channels, and increased sediment deposition in
existing off-channel areas.
This project evaluates the current conditions within the Eagle Island reaches, builds on
previously-completed studies, and develops 30% designs for three high priority project
alternatives to improve the long-term function of off-channel habitat on and around the Eagle
Island property. The highest priority alternative is further developed to the 90% design level.

Inter action with Technical Over sight Gr oup
This project has been completed in coordination with a Technical Oversight Group (TOG)
made up of local technical stakeholders involved in aquatic habitat management in the Eagle
Island area. Each step of this study has been conducted in coordination with the TOG and the
TOG has provided reviews of each of the technical memos produced as part of this effort.
TOG members include:
Participant
Eli Asher
Donna Bighouse
Brian Calkins
Bill Dygert
Pat Lee
Ron Roler
Rudy Salakory
Frank Shrier

Introduction and Overview

Affiliation
Lower Columbia Fish Recovery Board
WA Dept of Fish and Wildlife
WA Dept of Fish and Wildlife
Consultant
Clark County
WA Dept of Fish and Wildlife
Cowlitz Indian Tribe
PacifiCorp Energy
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Data Review / Existing Conditions
Existing data was reviewed, compiled, and summarized from a number of sources in order to
establish the technical foundation for project identification and design. The primary materials
consulted for this task include past reports, available GIS data, WDFW habitat data, and data
developed as part of the Lower Columbia Salmon Recovery and Fish & Wildlife Subbasin
Plan. This information is provided in Technical Memo #1 that is included in this report.

Pr oject Identification and Pr ior itization
Project Identification
Selection of potential projects was based on a consideration of habitat limiting factors, speciesspecific life history requirements, geomorphic and hydraulic conditions, and riparian
vegetation conditions. Projects were derived through a number of methods, including the
following:
1. Review and adaptation of existing restoration project enhancement recommendations
from the Lewis River LWD Study (Interfluve 2008##)
2. Office-based analysis of aerial photography and LiDAR data
3. Site visit via foot and boat on August 12, 2009
The design team identified a total of 14 potential fish habitat enhancement projects in the
Eagle Island reaches. See Technical Memo #2 for a list and description of each of the project
opportunities.
Project Prioritization
Project prioritization was conducted through discussions with the TOG regarding the merits
and special circumstances of individual projects. The TOG originally considered using the
LCFRB TAC method of project prioritization but decided that this methodology would not
adequately differentiate between project opportunities, since the LCFRB scoring criteria are
designed to compare various types of projects in a regional fish recovery context, and not
within a single river reach.
One major consideration in prioritizing projects is the potential abandonment of the North
Channel, which has been moving progressively closer to cutting off based on the aerial photo
record. As a result, projects within the North Channel were not considered high priority due to
their potential abandonment. Construction of a large bar apex jam at the head of the island
was considered as an approach to encourage continued flow into the North Channel; however,
upon further investigation, the design team determined that insufficient information exists to
ensure that such a project would accomplish the intended objectives. In response to this
uncertainty, the design team developed a conceptual study design to evaluate the potential for
North Channel abandonment and to identify appropriate solutions. The conceptual study
design is included as Appendix A of this report.
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The TOG selected three high priority projects to move forward to 30% design. These projects
were selected based on the above considerations as well as other factors including
landownership and habitat benefit. One of the three projects was selected as the top priority
project to move forward to 90% design. The top ranked projects are included in Table 1. See
Technical Memo #3 for more detailed discussions of the projects, including their anticipated
habitat benefits.
Table 1. High priority projects selected for 30% design. Project #3 was further
developed to 90% design.
Project ID
Project #3
(aka Site A)

Location
River left (south) side of the
south channel 250 meters
downstream of the upstream
end of Eagle Island

Treatment Type
Enhancement of existing sidechannel habitat.
Enhancement of channel dynamics
LWD enhancement
Riparian enhancement

Project #4 and #6
(aka Site B)

River right bank near the
upstream end of the south
channel; RM 11.3.

Enhancement of existing
backwater habitat
Enhancement of channel dynamics
LWD enhancement
Riparian enhancement

Project #8
(aka Site C)

River right bank 1,100 meters
Enhancement of existing sidefrom the upstream end of Eagle
channel habitat
Island.
Enhancement of channel dynamics
LWD enhancement
Riparian enhancement

Pr oject Design
Led by a Professional Engineer, the design team developed 30% designs for the three projects
in Table 1. The 30% designs are included as Attachments to this report. Technical Memo #3
is the preliminary design report that accompanies these designs. Original draft designs were
revised based on input from the TOG. The 30% design for Site A was revised and further
developed, resulting in the attached 90% design. This design was also revised based on
comments from the TOG on the draft design. Cost estimates for Sites B and C are included in
Technical Memo #3. The cost estimate for Site A is included in Technical Memo #4.

Repor t Or ganization
This report consists of the Technical Memos that were developed throughout the course of this
project. These include the following:
Technical Memo #1:
Technical Memo #2:
Technical Memo #3:
Technical Memo #4:

Existing Conditions
Preliminary Project Opportunities
Preliminary Design Report (for 30% designs)
Final Design Report (for 90% design at Site A)
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The 30% designs for Sites B and C, and the 90% designs for Site A, are included as
attachments to this report. The assessment needs for the North Channel abandonment
evaluation are included in Appendix A.

Refer ences
Interfluve, Cramer Fish Sciences, and Fox Environmental Services. 2008. Lewis River LWD
Study. Prepared for PacifiCorp, Portland, OR.
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EAGLE ISLAND PROJECT IDENTIFICATION AND DESIGN
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EXISTING CONDITIONS
Existing habitat and fish population conditions for the Eagle Island area are summarized
below. Existing conditions were obtained from past studies, experience working in the basin,
and communication with WDFW research biologists.

Lower Columbia Recovery Plan
The Lower Columbia Salmon Recovery and Fish and Wildlife Subbasin Plan (Recovery Plan,
LCFRB 2004b) identifies fish population objectives, reach priorities, limiting factors, and
recommended recovery measures within the lower North Fork Lewis River Basin. The basin
supports 6 salmon and steelhead populations (Table 1). The North Fork Lewis fall Chinook
population is one of the healthiest populations in the region and is considered a high priority
for recovery to a high level of population viability (LCFRB 2004b). Current population status
and Recovery Plan objectives for North Fork Lewis River populations are included in Table 1.
Table 1. Viability status of lower North Fork Lewis populations and the biological objectives from the
Recovery Plan. Table is reproduced directly from the Recovery Plan (LCFRB 2004b).
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Figure 1. Aerial photo map of Eagle Island Reaches and nearby tributary reaches and their Recovery Plan designations.
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The reaches within the study area include Lewis 4A and Lewis 4B. Both of these reaches are
rated as Tier 1 reaches according to the Recovery Plan (see Figure 1). Tier 1 reaches represent
the highest priority reaches for one or more primary populations. Reaches Lewis 4A and 4B
support fall Chinook, coho, winter steelhead, and chum at various life-stages. Limiting factors
in the reaches include sediment load, flow conditions, quantity of key habitat, and habitat
diversity. The species-specific life-stage limiting factors in the Eagle Island reaches are
summarized in Table 2.
Table 2. Species life-stages and limiting factors for Reaches 4A and 4B (Eagle Island) on the North Fork
Lewis River. Information is from the EDT Consumer Report diagrams.

Species
Present
Coho
Winter
Steelhead
Fall
Chinook
Chum

Life Stage
(primary limiting)

Limiting Factor (primary)

Relevant
Months

Egg incubation
0-age active rearing
1-age active rearing
Egg incubation
Fry colonization
Egg incubation
Spawning
Prespawning holding
Spawning

Sediment load, flow
Key habitat quantity, habitat diversity
Habitat diversity
Sediment load
Habitat diversity
Sediment load
Flow, habitat diversity
Key habitat quantity, habitat diversity
Habitat diversity, flow

Oct-May
Mar-Oct
Mar-Oct
Mar-Jul
May-Jul
Nov-May
Oct-Nov
Oct-Jan
Oct-Jan

Fish Use and Distribution
The lower North Fork Lewis Basin is used by 6 populations of salmon and steelhead,
including fall and spring Chinook, winter and summer steelhead, coho, and chum. A
periodicity chart with timing of life-history stages is included in Table 3. The fall Chinook
run consists of an early-spawning “tule” run as well as a late-spawning “bright” run. Fall
Chinook make extensive use of the lower mainstem for spawning. The highest concentrations
of Chinook spawning occur within the 5 mile reach downstream of Merwin Dam; however,
Chinook spawning also occurs within the Eagle Island reaches. Winter steelhead make limited
use of the mainstem for spawning; some winter steelhead spawning occurs in the Eagle Island
reaches. Steelhead primarily use the mainstem for juvenile rearing. Coho also make limited
use of the mainstem for spawning. Coho primarily spawn in mainstem tributaries and use the
mainstem and connected off-channel areas for rearing. Chum, whose numbers are very limited
in the system (see Table 1), use the mainstem for migration, adult holding, and spawning.
Summer steelhead and spring Chinook make only limited use of the lower mainstem, primarily
using these lower reaches as a migration corridor to access upstream spawning grounds.
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Chum
Salmon

Winter
Steelhead

Summer
Steelhead

Coho
Salmon

Fall
Chinook

Spring
Chinook

Adult migrate
Spawning
Fry emerge
Rearing
Juv emigrate
Adult migrate
Spawning
Fry emerge
Rearing
Juv emigrate
Adult migrate
Spawning
Fry emerge
Rearing
Juv emigrate
Adult migrate
Spawning
Fry emerge
Rearing
Juv emigrate
Adult migrate
Spawning
Fry emerge
Rearing
Juv emigrate
Adult migrate
Spawning
Fry emerge
Rearing
Juv emigrate

SPECIES LIFE-STAGE

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

Type S

Tules

OCT
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Type N

Brights

NOV

DEC

Table 3. Periodicity chart for salmon and steelhead species in the Lewis River Basin (PacifiCorp and Cowlitz PUD 2003). Chart reproduced from
Interfluve et al. (2008) with edits based on conversations with WDFW staff (Steve Vanderploeg and Shane Hawkins, WDFW, personal communication).
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Bull
Trout

Adult migrate
Spawning
Fryemerge
Rearing
Juv emigrate

SPECIES LIFE-STAGE
FEB

MAR
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APR

MAY

JUN

JUL

AUG

SEP

OCT
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WDFW conducts annual escapement surveys (adult counts and redd counts) and annual
juvenile surveys (seining) for salmon and steelhead. These data enhance our understanding of
species-specific lifestage use of habitats throughout the study area and provide useful
information for identification of appropriate habitat enhancement projects.
Annual escapement estimates are made for hatchery and wild returns based on adult counts,
carcass surveys, coded wire tag recoveries, and redd surveys. Monitoring has been focused on
the upper reaches between Merwin Dam and the hatchery, where the vast majority of the
spawning occurs. Chinook escapement monitoring began in the late 1970s and early 1980s
and extends to the present. Counts are made of live fish observations, carcasses, and redds.
Data are grouped according to four index reaches between the hatchery and Merwin Dam.
Although the majority of Chinook spawning occurs in these upstream reaches, Chinook
spawning has also been observed in the Eagle Island channels, primarily in the upstream 3-400
yards of the north and south channels (Shane Hawkins, WDFW, personal communication).
Eagle Island spawners tend to be fall ‘bright’ Chinook that spawn towards the later end of the
run (i.e. December and January).
Annual steelhead redd counts have also been conducted throughout the mainstem Lewis for
the past 2 years (Steve Vanderploeg, WDFW, personal communication). Steelhead spawning
occurs throughout the lower mainstem as far downstream as Woodland, WA. A GPS point is
taken at each redd location. The locations of surveyed steelhead redds in 2008 and 2009 in the
Eagle Island area are identified in Figure 2.
Juvenile seining sets are performed throughout the mainstem each year beginning in May and
extending into July. The following observations have been made over the years based on
seining surveys (Shane Hawkins, WDFW, personal communication). Most of the juvenile
rearing occurs downstream of the canyon reach and appears to be correlated with the
availability of suitable channel-margin rearing habitat. Flow levels and habitat features such
as bank slope tend to have a large influence on selection of rearing sites. Once juveniles
become established at a particular bank site or backwater habitat area, they tend to remain in
those areas until they begin their smolt migrations. The spatial distribution and habitat
associations of juvenile salmonids are difficult to evaluate because much of the data that is
collected is dependent on where effective seining sets can be conducted. Areas with woody
debris or high complexity tend to be difficult areas for sampling. The majority of the captured
fish are Chinook fry, with coho, trout, and chum fry making up smaller percentages of the
catch (see Table 4). Larger fish, including trout parr and age-1 coho and Chinook, are
occasionally captured or observed during surveys.
The spatial distribution of the juvenile catch is presented below in Table 5. A map is provided
of the individual sampling sites that are presented in the table (Figure 3). These data give a
general idea of the spatial distribution of juvenile rearing throughout the study reach. It should
be noted, however, that sampling effort is not necessarily equal among sites and that sampling
sites are partially dependent on where effective seining can be conducted. In general, a
significant amount of rearing occurs within the Eagle Island channels. Nearly 40% of the
juveniles are captured within the north or south channels and an additional 26% are captured at
the top end of the island where the channels split.
Tech Memo 1: Existing Conditions
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Figure 2. Wild winter steelhead redd locations. Unpublished data from WDFW (2009).
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Table 4. Catch distribution by species for years 1978 – 2006. WDFW, unpublished data.

Species

Average

Range

Chinook
Coho
Trout
Chum

90.1%
9.5%
0.4%
0.01%

67.5% - 99.6%
0.3% - 32%
0% - 1.8%
0% - 0.2%

Table 5. Spatial distribution of juvenile catch data in the Eagle Island area and in upstream and
downstream locations. Data is from 1983 – 2006. Seining site numbers correspond to the map in Figure 3.
(WDFW, unpublished data).

Above
Island

Top of
Island

North
Channel

South
Channel

Below
Island

Seining Site

1 - 20

21 - 27

29 - 50

28 & 51 - 63

64 - 85

Average Catch

50,867

52,539

42,613

32,442

25,034

203,495

25%

26%

21%

16%

12%

100%

Average %
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Figure 3. Map of juvenile seining sites (WDFW).
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Habitat and Geomorphology
Hydrologic Conditions
The PacifiCorp hydroelectric projects on the Lewis River are operated to produce power,
manage peak (flood) flows, augment late summer flows, and minimize rapid water-level
fluctuations in the lower river (BioAnalysts, et al. 2003). The net effect of the project is
to dampen the range of flow fluctuations, therefore winter flood flows are lower and
summer low flows are higher than under pre-project conditions (Figure 4 and Figure 5).
Section 6.2.4 of the 2004 Settlement Agreement sets the minimum flows for below
Merwin Dam (RM 19) for ten separate time periods (Table 6). Due to these minimum
flow requirements and due to flow releases in the fall in preparation for winter rains,
flows during the late summer and fall are typically higher than baseflow under preproject conditions. In addition, flows during the spring are lower than under pre-project
conditions as the reservoirs are filled for the summer recreation season. Under preproject conditions the hydrograph as measured at the Ariel gage (USGS #14220500) (RM
18.5) had a spikier shape than at present. Under post-dam conditions, the operation of the
turbines at Merwin Dam gives the hydrograph a more stepped shape during peak flows,
unless the reservoir is filled. When reservoirs are filled, peak flows have a similar spike
shape under pre- and with-project conditions as water is spilled at the dams (BioAnalysts,
et al. 2003).
14,000
12,000
Pre-dam (1922-30)
10,000
Lewis Flow (cfs)

Post-dam (1972-2001)
8,000
6,000
4,000
2,000
0
Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Month

Figure 4. Lower Lewis River flow pre- and post-Merwin Dam (1931). Hydro-regulation has
decreased flows in the spring and increased flows in the summer and fall. USGS Gage #14220500;
Lewis River at Ariel, Wash. Figure reproduced from the Recovery Plan (LCFRB 2004).
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Figure 5. Daily flow exceedance curve for Lewis River at Ariel (below Merwin Dam, USGS Gage
14220500). Pre-project is from 1909 through 1930 and post-project is from 1932 through 1998. Daily
flow from 1910 through 1923 was estimated based on Lewis River flow at USGS Gage 14219500 near
Amboy. This figure is a copy of Figure 2.2-9 WTS 2 in BioAnalysts, et al. (2003).

Table 6. Minimum flow requirements in the Lewis River below Merwin Dam (based on text from the
2004 Settlement Agreement)

Time Period
July 31 through October 15
October 16 through October 31
November 1 through December 15
December 16 through March 1

Tech Memo 1: Existing Conditions

Minimum Flow Requirement
1,200 cfs
2,500 cfs
4,200 cfs
2,000 cfs
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Time Period
March 2 through March 15
March 16 through March 30
March 31 through June 30
July 1 through July 10
July 11 through July 20
July 21 through July 30

Minimum Flow Requirement
2,200 cfs
2,500 cfs
2,700 cfs
2,300 cfs
1,900 cfs
1,500 cfs

Channel Conditions
In the context of Eagle Island restoration prioritization, the most important factor
contributing to the contemporary channel morphology in the Lewis River below Merwin
Dam is the flood history of the river since the construction of Merwin Dam. The flood of
1933 was of particular importance because it was the flood of record and had
disproportionate geomorphic consequences relative to the smaller floods since that time.
Secondary to the flood history is the distinctive geomorphic setting of each of the two
main reaches of the river downstream of Merwin Dam. The nature of each of the reaches
gives rise to distinct habitat features that are of importance to aquatic biota. Finally,
human intervention and infrastructure, particularly in the vicinity of Eagle Island in the
lower reach of the river, have had an influence on channel planform and geomorphic
function.
In December 1933, a flood that peaked at approximately 129,000 cfs occurred; this is the
highest discharge on record at the USGS Lewis River at Ariel gage (14220500). This
flood had a profound impact on channel morphology and spawning habitat in the Lewis
River below Merwin Dam, which had been in place for less than two years at the time.
The channel condition today is the combined legacy of the effect of Merwin Dam on
sediment supply, the 1933 flood, and the hydrologic regime since 1933. The most
notable impacts of the flood were sediment mobilization, reorganization and resurfacing
of point bars, and removal of riparian vegetation throughout the Lewis River below
Merwin Dam.
In addition to mobilizing point bars, the flood resulted in channel avulsions or meanderbend cutoffs in several locations in the lower reach where the river overtopped its banks.
In the 1938 aerial photographs, an avulsion can be seen at the location of the present day
Lewis River golf course. The present-day south channel of the Lewis River around Eagle
Island appears to be the result of a channel avulsion that occurred in the 1933 flood. The
south channel was congested with sediment in 1938 and the wetted channel was clearly
subsidiary to the mainstem formed by the north channel. The contemporary Lewis River
at this location flows primarily through the south channel, while the north channel
appears to be in the process of cutting off. The WTS-3 relicensing report (BioAnalysts et
al. 2003) mapped historical channel changes in the lower mainstem using the historical
aerial photo record. The results of their assessment for the Eagle Island area are
displayed in Figure 6.
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Figure 6. Changes in channel position over time in the Eagle Island area, North Fork Lewis River. Data obtained from BioAnalysts et al. (2003).
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The range of fluvial process outcomes, and in turn habitat conditions, in the Lewis River
between Merwin Dam and Eagle Island are governed by the reach-scale physical setting
of the river. The Lewis River downstream of Merwin Dam can be divided into an upper
and lower reach based on differences in the geomorphic character of each reach. The
upper reach (approximately RM 19 to RM 14) is a bedrock-confined channel that is
relatively straight and has somewhat steeper gradient than the lower reach. The steeper
slope and confinement result in higher sediment transport capacity in the upper reach
than the lower reach (Stillwater Sciences 2006). High sediment transport capacity,
combined with proximity to a sediment barrier (Merwin Dam) creates a condition in
which sediment is being exported from the reach without replacement. The bed surface
of the upper reach is therefore likely a coarse lag deposit left behind by the 1933 flood,
particularly the 0.8-km (0.5 mi) reach immediately below Merwin Dam.
In contrast to the upper reach, the lower reach (approximately RM 14 to RM 9) is less
confined and bounded by relatively low-elevation fill terraces. The gradient is lower and
the bed surface of the lower reach is finer and more mobile than in the upper reach.
There is ample evidence that the bed load is mobile, such as active point bars, deposits of
alluvium surrounding the trunks of riparian trees on the left bank at RM 14.5 (probably as
result of the 1996 flood), and actively migrating multi-thread channels and mid-channel
bars just upstream of Eagle Island. Substrate facies mapping and pebble counts
conducted in 2005 show that the lower reach has a bed surface composed mainly of
coarse gravel and is more fine-grained overall compared to the upper reach (Figure 7)
(Stillwater Sciences 2006). Sediment transport modeling suggests that the return interval
of sediment transporting floods in the lower reach is about four years (Stillwater Sciences
2006).
Human intervention has had an impact on channel planform and geomorphic function.
As a consequence, aquatic habitat quality and quantity have been affected. The impacts
are especially evident in the lower reach in the vicinity of Eagle Island, where the lower
gradient unconfined channel is more responsive to perturbation. Gravel mining has been
documented in historical aerial photography, with at least one instance at the upstream
end of Eagle Island itself (BioAnalysts, et al. 2003). There are multiple bank protection
measures for various purposes throughout the lower river. The methods for bank
protection range from robust revetments or modest retaining walls to well-manicured
lawns to the waters edge. In one instance a large pile of gravel was installed to deflect
the river to protect a roadway near RM 12.5; this occurred prior to 1965 based on the
aerial photo record (BioAnalysts, et al. 2003). The result of these types of interventions
have been modest channel straightening and localized incision leading to an overall
reduction and simplification of available aquatic habitat. For example, historically there
was a channel that was at least seasonally wetted running across Eagle Island that is no
longer active; this feature represents the loss of potentially valuable aquatic habitat.
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Figure 7. Substrate facies in the vicinity of Eagle Island on the lower Lewis River below Merwin Dam. Red polygons are gravel facies, and green
polygons are cobble facies. Mapping was done by Stillwater Sciences (2006).
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Habitat Surveys
Contemporary aquatic habitat in the North Fork Lewis River consists of habitat types
typical of a large, low-gradient, alluvial river and consists of pools, riffles, and glides.
Overall habitat quantity and quality are likely lower than pre-dam conditions because of
channel simplification as consequence of flow regulation and incipient urban
infrastructure. Reach-scale distinctions in the frequency and distribution of habitat units
are driven by differences in the geomorphic setting between the upper and lower reach.
The upper reach is continuously bounded by confining bedrock and has large, deep pools
formed in the bedrock boundary. The lower reach is unconfined and the boundary
consists almost universally of unconsolidated alluvial deposits that reduce the occurrence
of deep pools. Low-velocity habitat in the lower river in the vicinity of Eagle Island is
dominated by glides. However, meander-bend cut-offs and other relict channel features
form backwater habitats in the lower reach that are likely to be important habitat features
for juvenile salmonids.
Habitat surveys were conducted in 2001 (BioAnalysts, et al. 2003). The results of the
habitat surveys are presented in Table 7. Habitat type maps for the entire river between
Merwin Dam and the downstream end of Eagle Island were developed based on the 2001
surveys; a map of habitat types in the vicinity of Eagle Island is shown in Figure 8.

Table 7. Summary of aquatic habitat in the Lewis River from Merwin Dam downstream through the
Eagle Island channels, based on Table 2.3-6 presented in WTS 3 in BioAnalysts, et al. (2003).

Confined Reach
Average length (ft)
Average wetted width (ft)
Average bankfull width (ft)
Total wetted area (sq ft)
Dominant substrate
Subdominant substrate

Unconfined Reach (including
Eagle Island channels)
Average length (ft)
Average wetted width (ft)
Average bankfull width (ft)
Total wetted area (sq ft)
Dominant substrate
Subdominant substrate

Riffle

Glide

Pool

Side Channel

871 (22 %)
224
350
1,222,085
CO
Co/GR

2,267 (56%)
252
305
3,440,601
CO
GR

854 (22%)
269
313
1,408, 551
BO/BR/CO
CO

none
none
none
none
none
none

Riffle

Glide

Pool

Side Channel

922 (17%)
210
256
1,416,530
CO/GR
GR

3.080 (60%)
232
296
7,329,776
CO
GR

none
none
none
none
none
none

1,175 (23%)
87
108
413,750
GR/SI
SA

BO = boulder, CO = cobble, SA = Sand, BR = bedrock, GR = gravel, SI = silt.
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Figure 8. Habitat mapping in the Eagle Island area. Data obtained from BioAnalysts et al. (2003), with slight modifications.
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Spawning Gravel Study
Spawning gravel quantity has not changed since Merwin Dam was built (at least since the
1933 flood), and it is not likely to change in the near future (Stillwater Sciences 2009).
This finding was supported by the following findings: spawning habitat near the dam has
not changed since 1933, sediment transport modeling results show relatively low average
annual sediment transport, and tracer experiments show that discharge as great as a 3.5year recurrence interval transports little sediment (Stillwater Sciences 2006, 2009).
Based upon observations over four non-consecutive years, the average areal extent of
mapped spawning habitat in the upper river was found to be about 154,000 m2 (Table 8),
with a standard deviation of ~13%. The general location and spatial extent of mapped
polygons of spawning gravel remained similar each year, but there were differences that
reflect the imprecision in the methods used. Mapped spawning habitat in the lower reach
is shown in Figure 9. This figure also includes spawning habitat mapped by BioAnalysts,
et al. (2003) in 2001.
No appreciable change in the area of spawning habitat in the upper river was found
between 2005 and 2008, therefore immediate addition of spawning gravel was not
warranted (Stillwater Sciences 2009). However, if future spawning habitat monitoring
subsequent to large floods reveals a loss of spawning habitat area of about 35%, then the
addition of spawning-sized gravel to the upper reach may be warranted. The exact
approach for gravel augmentation has not yet been determined, but rather will be
developed if the need for gravel augmentation should arise (Stillwater Sciences 2009).
Table 8. Mapped spawning habitat in the Lewis River between Merwin Dam and the Fish Hatchery.

# of Polygons
Mapped

2001 spawning
habitat area (m2) 1

2005 spawning
habitat area (m2)

2007 spawning
habitat area (m2)

2008 spawning
habitat area (m2)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
Total Area (m2)

17,245
4,332
7,214
9,916
522
54,858
18,319
------------112,407

1,448
14,517
13,153
1,936
49,972
15,561
23,958
12,543
2,441
882
455
10,901
9,933
786
6,666
836
1,756
1,143
650
169,539

2,021
4,930
46,659
2,956
7,426
32,521
1,045
12,359
2,855
4,851
5,142
8,946
-------131,711

6,733
6,495
1,260
921
1,696
12,784
146
84
29,949
49,758
19,494
32,050
-------161,371

1. 2001 spawning habitat area is derived from shapefiles generated by BioAnalysts, et al. (2003).
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Figure 9. Mapped spawning habitat in the vicinity of Eagle Island on the lower Lewis River below Merwin Dam. Spawning mapping was done by
BioAnalysts et al. (2003) and Stillwater Sciences (2006).
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Large Woody Debris Conditions
Prior to European settlement, large woody debris (LWD) likely played an important role
in providing complex fish habitat in the mainstem Lewis River. LWD conditions have
been altered by direct removal, hydropower operations, timber harvest, and
channel/streambank manipulations. The frequency and size of LWD in the mainstem is
now considerably lower than would have been expected under historical conditions
(Interfluve et al. 2008).
LWD in the mainstem Lewis River has been quantified as part of a number of studies,
including the Stream Channel Morphology and Aquatic Habitat Study (BioAnalysts, et
al. 2003, WTS-3 Report) and a habitat assessment conducted by the Lower Columbia
Fish Recovery Board (LCFRB 2004a). The WTS-3 Study counted 72+ pieces (>15 cm
diameter and >7.6 meters long) in the Eagle Island channels in 2000 and the LCFRB
study (2004a) counted approximately 113 pieces (>10 cm diameter and >7.6 meters
long).
Large woody debris (LWD) conditions in the lower river below Merwin Dam were
evaluated as part of the Lewis River LWD Study (Interfluve et al. 2008). The study
estimated the historical abundance of LWD pieces by reach using a regression model
developed from old-growth streams throughout Washington State (Fox and Bolton 2007).
These data suggest an historical LWD frequency of approximately 70 pieces per 100
meters, for a total of 2,709 pieces (>10 cm diameter and > 2 meters long) within the
Eagle Island reaches (see Table 9). Thus, historical LWD numbers may have been on the
order of 20 times larger than current numbers in the Eagle Island reaches.
Table 9. Excerpt of table from the Lewis River LWD Study (Interfluve et al. 2008) showing the
results of the regression model predictions for historic numbers of pieces of LWD expected by reach
for the Eagle Island reaches. For comparison, also shown are the percentile ranges of wood loading
for Western Hemlock forests (applicable to this section of the Lewis River) from Fox (2001). BFW =
bank-full width.

Reach Descriptions and characteristics

Reach
Length
(m)

Number of LWD1 Pieces
Central distribution
(25th percentile,
median, 75th
percentile) for
number of LWD
pieces/100m(3)

Regressionpredicted LWD
Pieces/100m
(considering
all significant
variables)4

Total
number of
pieces
expected for
the entire
reach

BFW
Description
(m)
Ross Cr. to
Lewis 4a
Hayes. Cr.
1749
1175
57/ 106/ 208
73
1,271
Hayes Cr. to
Staples Cr.
Lewis 4b
2100
1145
57/ 106/ 208
72
1,509
1
Minimum size of 10 cm midpoint diameter and 2m in length (Schuett-Hames et al. 1999)
2
Confined = valley width <2 channel widths; Moderately Confined = valley width is 2-4 channel widths wide.
3
Based on percentile distributions for bank-full width category (Fox and Bolton 2007)
4
Based on multiple regressions using bank-full width, forest type, gradient, confinement, & bedform (Fox and
Bolton 2007)
5
Sum of channel widths of north and south channel.
Reach
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As part of the LWD Study, a survey was conducted on August 10, 2007 to identify the
quantity of “key pieces” of LWD in the mainstem. A key piece was defined as a piece
that was judged to be self-stabilized within the bankfull channel. In the Eagle Island
reaches (Lewis 4A and 4B) a total of 5 key pieces were identified; 4 were cottonwoods
and one was of unknown species. One piece in reach 4B was serving as a key piece of a
large jam that extended up onto the river right flood terrace (South channel, river mile
11.3). The presence of large key pieces is critical in a system the size of the Lewis,
where most wood will only be retained in the channel as part of large jams that are
initiated by very large (i.e. old-growth) key pieces.
In general, the LWD study concluded that LWD dynamics have been severely altered in
the mainstem. The ability of the Lewis River to support significant quantities of LWD is
impacted by: 1) the series of hydroelectric dams that interrupt wood transport, 2) past
harvest of large trees that could provide a source for key pieces, 3) alteration of the
natural flood regime that could serve to recruit wood from the stream corridor, and 4)
channel alterations that reduce channel migration processes that could recruit LWD.

Data Availability and Gaps
Table 10 identifies data sources that are available for the Eagle Island area. In nearly all
cases, except for LiDAR data, these data have already been obtained by the project team
and will be used to help identify project opportunities.
Table 10. Available data sources for the Eagle Island area.

Data Description

Historical channel locations
Substrate mapping
Habitat typing
Juvenile salmonid catch data
Chinook spawning data
Steelhead spawning data
Adult escapement data
Large woody debris data
Aerial photography
LiDAR

Data Source

BioAnalysts et al. 2003
BioAnalysts et al. 2003
Stillwater Sciences
BioAnalysts et al. 2003
LCFRB
WDFW
WDFW
WDFW
WDFW
BioAnalysts et al. 2003
Interfluve et al. 2008
PacifiCorp and various
other entities
Clark County

Obtained by project
team?

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

These data provide a good basis for identifying project opportunities; however, there are
a number of data gaps that will need to be filled during the project identification and
design phases. These include the following:
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x

Vegetation conditions. Limited data exists regarding the condition of riparian and
floodplain vegetation in the Eagle Island area, particularly with respect to the
presence of invasive species. Vegetation conditions will help to inform the
selection of potential project opportunities in the study area. It is anticipated that
restoration of native vegetation communities and control of invasive species will
be an important component of restoration efforts in the Eagle Island area.

x

Topographic survey data. LiDAR data will be helpful but not detailed enough to
evaluate and design enhancement projects in the study area. It will be necessary
to collect detailed topographic survey data as part of the project design phase.

x

Channel hydraulics. Channel hydraulics, inundation levels, and scour potential
throughout the study area will be necessary for development of project designs.
These data will be collected as part of the project design phase.

Project Recommendations from Previous Studies
A number of previous studies describe enhancement and protection opportunities within
lower North Fork Lewis Basin and within the Eagle Island area in particular. These
include the Recovery Plan (LCFRB 2004b), the LCFRB Habitat Strategy (2009), the
Water Resources Inventory Area (WRIA) 27 Limiting Factors Analysis (Wade 2000), the
Lower North Fork Lewis River Habitat Assessment (LCFRB 2004a), and the Lewis
River LWD Study (Interfluve et al. 2008).
Enhancement and preservation
recommendations from these studies are described below.

Lower Columbia Recovery Plan
The Recovery Plan identifies general measures and actions that are necessary within the
lower North Fork Lewis Basin to achieve the regional recovery strategies. These include
the following:
1. Protect stream corridor structure and function
2. Protect hillslope processes
3. Manage regulated stream flows to provide for critical components of the natural
flow regime
4. Restore floodplain function and channel migration processes in the mainstem and
major tributaries
5. Restore access to habitat blocked by artificial barriers
6. Restore channel structure and stability
7. Create/restore off-channel and side-channel habitat
8. Restore degraded hillslope processes on forest, agricultural, and developed lands
9. Restore riparian conditions throughout the basin
10. Restore degraded water quality with emphasis on temperature impairments
11. Provide for adequate instream flows during critical periods
12. Limit intensive recreational use during critical period
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LCFRB Habitat Strategy
The LCFRB Habitat Strategy (LCFRB 2009) identifies the types of projects that
would yield benefits to salmon and steelhead populations specifically within the
Eagle Island reaches. Projects that address the following factors are considered high
priority:
x
x
x
x
x
x
x

Stream channel habitat structure and bank stability
Off channel and side channel habitat
Floodplain function and channel migration processes
Riparian conditions and functions
Water quality
Instream flows
Watershed conditions and hillslope processes

WRIA 27 Limiting Factors Analysis (2001)
The WRIA 27 Limiting Factors Analysis recommends protection of the off-channel
habitat in the Eagle Island area due to it’s use as critical rearing habitat for juvenile fall
Chinook. No other enhancement or preservation measures were identified in the study
area.

Lower North Fork Lewis River Habitat Assessment (2004)
The Lower North Fork Lewis River Habitat Assessment recommended preservation of
Eagle Island reaches as the most important measure that could be implemented in the
lower North Fork Basin. This study states that this area appears to be the only mainstem
area where fluvial geomorphic processes are currently functioning properly. No other
enhancement or preservation measures were identified in the study area.

Lewis River LWD Study (2008)
The Lewis River LWD Study recommended LWD supplementation projects within the
Lewis River as a means to enhance pool formation, increase cover and complexity,
capture and sort gravels, and promote more natural channel adjustment processes. The
study identified several specific project opportunities throughout the lower mainstem,
including within the Eagle Island area, where a total of 5 project opportunities were
identified. These project opportunities are listed below by river mile and are displayed
on an aerial photo map in Figure 10.
RM 11.9: Top end of Eagle Island. Construction of bar apex log jams at cross-over
channels and at top of island. Jams would be designed to maintain flow into north
channel and would provide complex rearing habitat.
RM 10 to 11.7 North Channel: Entire length of north channel. Wood jams installed at
numerous potential locations in the north channel to increase complexity and habitat
conditions.
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RM 11.6 South Channel: Enhancement of existing left-bank side-channel near top end of
south channel. Install bar apex LWD jam and numerous other jams within the sidechannel to enhance complexity and maintain multi-thread channel. Riparian
enhancement is also recommended here.
RM 11.3 South Channel: Enhancement of existing backwater area on river left bank near
top end of south channel. Large meander bend jam within backwater area and extending
along mainstem channel margin to provide complexity to existing backwater and enhance
pool formation and complexity in the main channel. There is also the potential to reactivate an existing flood flow channel as a low-flow side-channel.
RM 11 South Channel: Left bank of south channel 2/3 distance up the south channel.
Install jams within existing left bank backwater and extend along channel margins of
main channel to enhance cover in backwater and pool formation/cover in main channel.

Figure 10. Aerial map of project opportunities identified in the Lewis River LWD Study.
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BACKGROUND
This document describes a preliminary suite of potential stream and habitat restoration project
opportunities in the Eagle Island study area. Based on review, prioritization, and refinement of
this list, select projects will be moved forward to the 30% project design stage, with one
project eventually taken to the Final Design stage.
Selection of potential projects is based on a consideration of habitat limiting factors, speciesspecific life history requirements, geomorphic and hydraulic conditions, and riparian
vegetation conditions. Projects were derived through a number of methods, including the
following:
1. Review and adaptation of existing restoration project enhancement recommendations
from the Lewis River LWD Study
2. Office-based analysis of aerial photography and LiDAR data
3. Site visit via foot and boat on August 12, 2009

GEOMORPHIC SETTING
Past and existing land uses, river management, and natural geomorphic processes affect the
ability of the Eagle Island area to support aquatic habitat restoration measures. In general,
restoration project opportunities appear to be abundant; however, the processes that have
resulted in a reduction in habitat quantity and quality will need to be carefully considered
when planning future restoration efforts.
Existing and current conditions have been summarized in Tech Memo 1. These conditions,
and field observation during the project identification survey, have resulted in the following
general conclusions that have helped to guide the project identification process:
1) Channel complexity with respect to the availability of off-channel and side-channel habitats
has been reduced since historical conditions. Reach-scale fluvial evolution is progressing
toward a simplified channel planform as former multithread channels are abandoned. Past
gravel mining, and possibly the effects of the hydropower system on sediment transport, have
contributed to incision that has resulted in abandonment of off-channel habitat. Restoration
activities that occur at the sub-reach scale in the vicinity of Eagle Island must consider the
factors that will contribute to their maintenance and longevity in light of reach-scale trends in
channel planform. Incorporating well-designed large wood structures at the inlets of newly
excavated and reconfigured side-channels will help to initiate localized flow convergence and
seasonally scour the channels to maintain depth and substrate character. In some cases,
installation of wood structures alone (i.e. bar apex jams) may be the best approach to restoring
natural channel adjustment and habitat formation.
2) The north channel around Eagle Island is progressively being abandoned. This
phenomenon has been occurring for more than a decade and can be seen in the historical aerial
photo record. All of the projects identified in the north channel need to be evaluated within the
Tech Memo 2: Preliminary Project Opportunities
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context of the potential for complete north channel abandonment. Any significant effort
expended on restoration work in the north channel should be completed in conjunction with
efforts to maintain flows into the north channel. Furthermore, it should be recognized that
addition of LWD into the north channel may increase roughness that could hinder efforts to
keep the north channel active during low flow periods. Hydraulic and geomorphology
analysis will be necessary to properly evaluate this risk.
3) There is a significant lack of large woody debris that is necessary to provide routine channel
adjustment, habitat formation, storage and sorting of sediments, and aquatic habitat cover and
velocity refuge. Restoring LWD should be a key objective but will require engineering
approaches due to high stream energies and lack of the size of trees needed to be self-stabilized
(i.e. key pieces) within the mainstem Lewis. On the other hand, relative to other areas in the
North Fork Lewis, the Eagle Island area likely presents the greatest opportunities for LWD
restoration because of the lower energy, split-flow condition.
4) Riparian vegetation conditions have been impacted by past clearing, the introduction of
invasive species, and altered channel dynamics. Restoration of streambank, floodplain, and
wetland vegetation should be an objective of restoration efforts.
5) Private lands along the landward sides of the north and south channels may affect the
feasibility of conducting certain restoration projects.

OVERVIEW OF PROJECT OPPORTUNITIES
A total of 14 potential projects are identified throughout the north and south channels. The
north channel projects should be viewed in light of the caveats mentioned above with respect
to potential north channel abandonment. The projects primarily consist of creation of new offchannel habitats, enhancement of existing off-channel habitats, installation of LWD, and
riparian restoration. A focus is placed on restoring channel dynamics and habitat-forming
processes to the extent possible at the reach-scale. The identified treatments take advantage of
natural topography such as utilizing historical channel scars and re-activating past channel
locations. Most treatments will create velocity refuge from hydro-system flows that are kept
higher than historical flows for some portions of the year. The treatments are primarily
focused in the upstream portion of the Eagle Island channels, which are closer to spawning
areas, are highly used for juvenile rearing, and are less influenced by tidal backwater. A
number of sites may provide habitat for chum salmon spawning, but further
groundwater/upwelling investigation will be needed to confirm suitability.
Detailed riparian vegetation conditions and vegetation enhancement measures are described
for a subset of the project areas. This detailed information can be reasonably interpreted as
applying to other nearby project sites where detailed information was not collected.
For most projects, a general construction cost range is provided. However, these should be
viewed as very preliminary approximations. Actual costs will require further project
development.
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Figure 1. Aerial photo map of Eagle Island showing the location of potential project opportunities.
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PROJECT OPPORTUNITIES
Project 1: Channel Split
Site Description
This site is located at the top end of Eagle Island where flow spills over to the north
channel; RM 11.8 – 12. This is essentially the same project as the RM 11.9 project from
the LWD Study.
The primary flow has been shifting from the north to the south channel since the 1930s.
Low flow may no longer reach the north channel if this trend continues. The top end of
Eagle Island has yielded relatively high numbers of juvenile salmon in the WDFW
seining efforts (see Tech Memo 1).

Figure 2. Aerial view of project site. Cross-over channels just upstream of bifurcation at upstream
end of Eagle Island.

Treatment Alternatives
Log jam structures could be designed to maintain summer-season flow into the north
channel at locations where low-water spills over from the main channel to the north
channel. Structures could be designed to encourage scour (deepening) of cross-over
channels to maintain low-water conveyance. Cover and habitat complexity would also be
created. There are 2-3 crossover channels in this area, comprising a combined width of
400 – 500 feet. Bar apex log jams could be placed at one or more of these channels to
maintain scour depths suitable to convey adequate summer flows into the north channel.
Structures would be designed to constrict flow and increase depths at cross-over
channels.
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Anticipated Benefits
This project will maintain active flow into the north channel, which will increase channel
diversity and habitat availability in the reach as a whole. Benefit will also be provided to
juvenile salmon and steelhead for velocity refuge and rearing cover. Adult salmon and
steelhead will benefit from additional pool habitat and holding cover and sorting of
gravels for spawning.

Feasibility and Cost Considerations
Hydraulic and scour analysis would be necessary to ensure that structures function
properly in maintaining flow through the channels. This effort would be most successful
if paired with log jam placements near the top-end of the south channel that will add
roughness and encourage more flow into the north channel during flood events.
Project cost estimate $200,000 to $300,000 depending on number of log jams
constructed. Access and de-watering may be challenging given the location between the
two channels.
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Project 2: Right Bank near Upstream End of South Channel
Site Description
This site is located on the right bank at the upstream end of the south channel. The site is
characterized by a 3-5 foot high bank with intermittent bank vegetation. This site is
located across the channel from the left bank side-channel entrance (Project #3) and
could be reasonably combined with this project and with Project #1.

Figure 3. Right bank at upstream end of south channel. Entrance to left bank side-channel is at left
of photo.

Treatment Alternatives
This project would involve the construction of lateral log jam structures along the right
bank that are anchored on the right bank and extend out into the active channel.
Structures in this location will provide roughness at the top end of the south channel,
which will encourage flow into the north channel during flood flows, and will therefore
assist in keeping the north channel active.

Anticipated Benefits
This project will enhance nearshore juvenile rearing and adult holding habitat. Structures
will also enhance complexity and channel roughness that will encourage flood flows to
continue to occupy the north channel.

Feasibility and Cost Considerations
Access will need to be gained to the island for construction of this project. The impact on
boating traffic must be considered as part of design. Costs will vary depending on length
and scale of treatments.
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Project 3: Left Bank Existing Side Channel – South Channel
Site Description
This is the same project as the RM 11.6 project from the LWD Study. This side channel
begins on the left side of the south channel river about 250 meters downstream of the
upstream end of Eagle Island. This channel is wetted during the low flow season and the
channel boundary is composed of gravel. The gravel bar that separates the channel from
the mainstem is well-vegetated and has a few mature riparian trees. There are several
small islands in this side channel, and overall channel complexity is relatively high.
There is currently some wood in the side-channel but scour pools are scarce and riparian
cover is poor. The inlet begins in a shallow water reach just upstream of a riffle and the
outlet is downstream of the riffle; the gradient is expected to be similar to the mainstem.
This is one of the best sites on the lower Lewis for enhancement of channel complexity
and re-introduction of LWD, primarily due to the following: 1) wood jams can be
constructed that are protected from mainstem flows, 2) the project enhances existing
complexity and channel dynamics, and 3) the project will not affect boat traffic. A
secondary benefit of wood placed at this location is the increased roughness that would
encourage continued flows in the north channel, especially if combined with projects 1
and 2.
The vegetation on the narrow island in the southern channel is stratified into two separate
age classes. The eastern portions of the island are vegetated by young trees and a variety
of non-native herbaceous species. Tree species within the eastern portion of the island are
limited to Oregon ash, black cottonwood, and red alder. Tree density is very high in the
eastern portion of the island with stem counts estimated at 500 per acre. The age class of
the trees is in the 10-15 year rage with average tree heights of 8-10 feet. There is very
little shrub coverage in the eastern most portion of the island with species limited to
Scouler's willow (Salix scoulerana), hooker willow (Salix hookeriana), Himalayan
blackberry, Japanese knotweed (Polygonum cuspidatum) and spiraea. This is in contrast
to the central and western portions of the island that have a dense shrub layer beneath a
canopy of mature black cottonwood and Oregon ash trees. Herbaceous vegetation
includes a wide variety of non-native species including colonial bentgrass, Canada thistle
(Cirsium arvense ), smooth hawksbeard, common vetch (Vicia sativa),common plantain
(Plantago major), common tansy (Tanacetum vulgare), and curly dock (Rumex crispus).
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Figure 4. View looking downstream at project area. Head of side-channel is on the right.

Treatment Alternatives
Medium to large jams and individual pieces could be placed throughout the 1,200 foot
long side channel. At the head of the side channel, a large bar apex jam could be
constructed that wraps the upstream end of the island and extends into the main channel;
this would provide habitat benefit to the main channel and could be designed to ensure
flow conveyance to the side channel during low flows. Restoration of riparian plant
communities (alder, cottonwood, and willow) throughout the entire island would be a
major component of work in this area.
Vegetation enhancements near the eastern end of the study area should focus on control
of Himalayan blackberry and the establishment of a native shrub/scrub layer.
Establishment of a dense shrub layer will improve wildlife habitat values, reduce scour
during moderate flood events, and help prevent further establishment of invasive species.
Species to be planted in this area will have to be specially selected due to the extremely
sandy nature of the soil. Soil sample pits revealed very little organic matter in the soil
which will severely limit the ability of some native species to become established.
Species will likely be limited to willow, red-osier dogwood, and spirea.
The Himalayan blackberry can be effectively eliminated with herbicide applications in
the fall. Japanese knotweed is exceptionally difficult to completely eradicate although
this very aggressive species can be effectively suppressed through the implementation of
an herbicide treatment schedule. This schedule would include multiple injections of
glyphosate throughout the growing season.

Anticipated Benefits
This reach is ideal for restoration since it already contains relatively high-quality aquatic
habitat, especially for rearing juvenile salmonids, which were observed in abundance
during the survey. Wood placements in the side channel would provide cover and scour
pools that would benefit juvenile steelhead, Chinook, and coho rearing throughout the
year. LWD jams would also enhance adult holding and spawning.
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Feasibility and Cost Considerations
LWD jams could be anchored through burial, piling, or boulder ballast. Flood energy is
lower and ability to utilize width and capacity at large flows enables a more stable site for
wood habitat creation. Wood extending into main channel at head of side channel (bar
apex jam) could be anchored through burial of key members into bar and through boulder
ballast.
There appears to be an old access road on the left bank adjacent to the project area. This
area is owned by Clark County but access across private lands will be required. The
terrain is flat and wood could be transported to the site easily.
This project would have a medium-to-low cost for this type of project due to ease of
access and ease of de-watering. The estimated cost range is $200,000 to $300,000, but
could vary widely depending on the extent of treatments.
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Project 4: Right Bank Alcove – South Channel
Site Description
This site is located on the right bank near the upstream end of the south channel; RM
11.3. This is essentially the same project as the RM 11.3 project from the LWD Study.
There is a large alcove/side-channel on the right bank just upstream of the outlet of the
side channel described above for Project #3. This is part of an old meander scar. The
alcove provides good opportunity for LWD placements that would encourage continued
flow into the alcove/side-channel and would provide good complexity and cover for
rearing fish in this protected area. Placed structures would have some protection from
large mainstem flows.

Figure 5. View of project site looking upstream

Treatment Alternatives
Lateral, meander-bend wood placements would begin 500 feet upstream of the entrance
to the alcove and would extend into the alcove and line the perimeter. A bar apex jam
could be constructed on the small island that splits flow into the alcove. These wood
placements would maintain scouring flows into the alcove. Jams could also be placed on
the mid-channel bar adjacent to this site.
The larger the wood the greater opportunity to extend into the low flow active channel.
There currently exists a large jam that is mostly above the bankfull channel on the
southern bank of the eddy. This is likely from the February 1996 flood. Some of this
wood could be incorporated into the constructed jam within the active channel.

Anticipated Benefits
Log jam construction would provide habitat for adult holding for Chinook, coho,
steelhead, and chum – There are known spawning sites adjacent to the project area.
Juvenile rearing habitat would be provided throughout the year for Chinook, coho, and
steelhead.
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Feasibility and Cost Considerations
Access could be provided from the south (left) bank from the same access road described
for project #3, but would require a crossing of the south channel. Access from Eagle
Island (crossing the north channel) would likely be a more reasonable approach.
The estimated cost range is $200,000 to $300,000, but could vary widely depending on
the extent of treatments.
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Project 5: Eagle Island Cross-Over Channel
Site Description
This is the overflow channel that crosses Eagle Island during flood flows. The channel
was active during low flow periods up until at least 1974; the 1988 aerials show only a
connected backwater channel extending partway across the island from the north channel.
The inlet of the cross-island channel begins in the south channel about 700 meters
downstream of the upstream end of Eagle Island, and the outlet is in the north channel.
The upstream half of the overflow channel consists of multiple shallow overflow
channels that eventually converge into one or two primary flow channels before emptying
into the north channel. Near the downstream end, the channel boundary is composed of
silt and sand up to 60 cm deep overlying gravel substrate, indicating past transport of
coarse substrate.
There is thick growth of vegetation composed of bog-loving plants and riparian
vegetation including relatively large softwoods and hardwoods. There were multiple
pieces of downed wood in the channel; some recruited through in situ mortality, while
other accumulations were rafted in place by high flows. Free-flowing scouring flows
appear rare in this channel as downed wood and mature riparian trees create roughness
that dissipates flow energy. There were several locations where debris was hanging from
branches 4 meters from the channel bed from the January 2009 high flows, but there was
very little evidence of scour or sediment transport in this channel.

Figure 6. This is the most well-developed portion of the cross-over channel and is close to the
downstream end (north channel end) of the overflow channel.
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Figure 7. Flood debris from January 2009 flood near outlet of cross-over channel along the left bank
of the north channel. Height is 16 feet above terrace.

Treatment Alternatives
Channel excavation would be conducted to activate this channel at low summer flows.
Excavation, widening, and realignment of the channel would be required. A new inlet
farther upstream coupled with a new outlet further downstream may be necessary to
create gradient sufficient to sustain channel maintenance flows to keep this channel
active. Connected backwater channels or groundwater-fed chum channels could be
incorporated into this project, contingent on groundwater/upwelling monitoring.

Anticipated Benefits
This project would significantly improve channel complexity and habitat availability.
This channel has the potential to provide a large area of summer rearing habitat for
juvenile salmonids. There is also the potential for chum spawning habitat within the new
channel or in groundwater-fed channels that are connected to the new channel.
In the event that the inlet to the north channel becomes abandoned, this project would
ensure at least some continued flow through the downstream half of the north channel.

Feasibility and Cost Considerations
This channel has abandoned due to lowering of the base level of the main channel over
time, which is related to sediment transport conditions, LWD conditions, and land-use
modifications throughout the lower mainstem. The continued influence of these reachand basin-scale processes need to be adequately considered before proceeding with this
project. In addition, placement of LWD would need to proceed with caution, as
additional channel roughness may compromise the ability of a new channel to maintain
competency and prevent future abandonment.
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This project has a high cost due to the length of the channel, the large volume of
excavation, and the design requirements. The cost and potential risk of re-abandonment
need to be carefully weighed against the potential habitat benefits.
The construction cost will depend largely on the excavation volume and this will need to
be determined through a detailed survey. An initial cost approximation is $700,000 to
$1,000,000.
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Project 6: Right Bank Side Channel RM 11.2 – South Channel
Site Description
This site consists of an abandoned channel on the right bank that begins just downstream
of the right bank alcove (Project #4). The channel is filled with silty sand and is
overgrown with vegetation. The inlet is just upstream of riffle in the main channel and
the outlet enters the main channel downstream of a riffle. There is some ponding of
water in this overflow channel. This area appeared to contain an active side-channel in
the 1974 aerial photos and a connected backwater channel as recently as 1996. This
channel could be re-activated as a low-flow side-channel.
This project could be combined with Project # 4 and #8 as a comprehensive treatment for
this area.
This area is characterized by side channels, shallow water habitats, emergent wetlands,
and shrub/scrub habitats. Vegetation is a combination of common wetland shrub species
such as red-osier dogwood, pacific ninebark, willows, spirea, and areas of dense reed
canarygrass. Emergent wetland species include soft rush (Juncus effuses), toad rush
(Juncus buffoensis), dagger tipped rush (Juncus ensifolius), bur-reed (Sparganium
erectum), and slough sedge (carex obnupta).

Figure 8. Outlet of abandoned channel.

Treatment Alternatives
Alternatives include re-activation of the right bank side-channel to be active at summer
low-flow periods. Installation of large woody structures at the inlet (i.e. bar apex jam)
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would constrain flow to maintain channel-flushing flows in the inlet to help maintain
flow in the channel during summer low flow periods. This project could also include
wood placements along the right-bank channel bar and existing backwater area adjacent
to the mainstem.
Installation of woody structures and porous substrate within the constructed side-channel
would encourage infiltration of flows and subsequent upwelling downstream that could
provide potential chum spawning habitat.
Vegetation enhancements in this area would likely be limited to the installation of native
tree species such as Oregon ash and black cottonwood. This would allow for future
woody debris recruitment even though these species are hardwoods that will not subsist
as long as softwoods. More thorough soil samples in this area will be necessary in order
to determine if softwood plantings would be successful in this area.
Eradication of the reed canarygrass within the area would prove difficult and overly
expensive. The establishment of a native tree canopy adjacent to the shallow water areas
would provide shade and organic matter inputs.

Anticipated Benefits
This project would benefit off-channel and near-shore rearing for salmon and steelhead.
A bar apex jam and activation of the side-channel would enhance channel complexity.
There is potential here for construction of a chum spawning channel; upwelling
conditions would need to be further investigated.

Feasibility and Cost Considerations
Access could be provided from the south (left) bank from the same access road described
for project #3, but would require a crossing of the south channel. Access from Eagle
Island (crossing the north channel) would likely be a more reasonable approach.
Groundwater monitoring should be conducted to evaluate upwelling conditions that may
be suitable to support chum spawning habitat.
The estimated cost range is $150,000 to $250,000, but could vary widely depending on
the extent of treatments.
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Project 7: Left Bank Existing Backwater – South Channel
Site Description
This is essentially the same project as the RM 11 project from the LWD Study. There is
an outlet to a backwater channel (old meander scar) on the left bank upstream from where
the stream draws close to houses and the roadway. This channel flows through a welldeveloped riparian forest to a large ponded backwater. The channel bed is gravel
mantled by silty sand.

Figure 9. Outlet of existing backwater area on left bank RM 11.

Treatment Alternatives
Small- to medium-sized cover habitat log jams could be constructed within the backwater
channel and extending downstream along the left margin of the main channel. There are
several pieces of medium-sized logs there currently and accumulations of additional
wood are likely if jams are constructed. Jams could be constructed to emulate large wood
that has rafted into this location and accumulated over time. A side-channel that is
connected to the main channel at the upstream end could also be evaluated for this site,
creating flow-through conditions that would enhance channel complexity and rearing
habitat.

Anticipated Benefits
Wood cover placements (jams and individual pieces) would provide habitat for adult
holding for Chinook, coho, steelhead, and chum – The site is adjacent to a spawning
riffle. Juvenile rearing habitat would be provided throughout the year for Chinook, coho,
and steelhead.
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Feasibility and Cost Considerations
The site is located on private property. There is a high bank adjacent to the site
(downstream) with private residences. An adjacent Clark County parcel to the north
could potentially be used for staging and to facilitate access.
If access can be reasonably obtained, this would be a relatively inexpensive project for its
type. Construction cost range is $100,000 to $200,000.
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Project 8: Right Bank Existing Side Channel, RM 11 – South Channel
Site Description
This side channel is about 1,100 meters from the upstream end of Eagle Island on the
right side of the river. It is similar to, though smaller than, the side-channel at Project #3.
The bar is overtopped above bankfull flows.

Figure 10. Outlet of side-channel right bank RM 11.

Treatment Alternatives
This side channel has restoration opportunities similar to Project #3. Placement of a bar
apex jam at the head of the island and large wood placements jams on either side of the
inlet to the side channel would encourage moderate scour and deepening of the side
channel. The addition of smaller woody structures throughout the channel and
downstream of the channel combined with riparian planting would add complexity and
cover.
This site could be investigated for upwelling conditions that may support chum spawning
habitat.

Anticipated Benefits
This project would enhance channel complexity and dynamics. Juvenile rearing and
adult holding habitat would be enhanced through maintenance of side channel habitat and
installation of LWD for cover and complexity.

Feasibility and Cost Considerations
This site would require access from Eagle Island. De-watering of the work area during
construction would be straightforward as flow into the side-channel can be easily diverted
to the main channel. The construction cost range is approximately $150,000 to $200,000.
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Project 9: Right Bank Existing Backwater – South Channel
Site Description
This site consists of existing right bank backwater channels near river mile 10.8 in the
south channel. These channels are inundated at high flows but may provide quality
rearing cover and velocity refuge during the summer.

Figure 11. Existing backwater on right bank in south channel near RM 10.8

Treatment Alternatives
Alternatives include excavation of additional backwater channels, or potentially
connected flow-through side channels, plus wood additions for habitat cover and
complexity.
This site could be investigated for upwelling conditions that may support chum spawning
habitat.

Anticipated Benefits
This project would benefit juvenile salmonid rearing and adult holding, particularly with
respect to velocity refuge during periods of the year when hydro-regulated flows are
higher than historical flows.

Feasibility and Cost Considerations
Access would be from Eagle Island. The construction cost range estimate is $150,000 to
$200,000, but could vary widely depending on the extent of treatments. The potential for
chum spawning habitat will require investigation of groundwater/upwelling conditions.
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Project 10: Right Bank RM 10.5 – South Channel
Site Description
This site is located at a sharp left bend in the south channel. A riffle and small island are
located at the site. Flow is focused on the right bank at the bend. The riparian area is
devoid of mature native vegetation.

Figure 12. Right bank near RM 10.5 – South Channel.

Treatment Alternatives
Treatment would include addition of LWD jams for rearing and holding cover and
restoration of native riparian vegetation.

Anticipated Benefits
This project would benefit juvenile salmonid rearing and adult holding, particularly with
respect to velocity refuge during periods of the year when hydro-regulated flows are
higher than historical flows.

Feasibility and Cost Considerations
Access would be from Eagle Island. The construction cost range estimate is $75,000 to
$125,000, but could vary widely depending on the extent of treatments.
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Project 11: Existing Backwaters – North Channel
Site Description
This site is located approximately 2,000 meters downstream of the upstream end of Eagle
Island, in the north channel. This site contains a complex of existing backwater channels
on both sides of the north channel. There is an overflow channel on the left bank. This
overflow channel is similar in character to overflow channels in Projects 12 and 14. The
site is subject to tidal influence from the Columbia River 17 KM downstream.

Treatment Alternatives
Treatment alternatives include installation of large wood apex jams and installation of
LWD throughout existing backwater areas to enhance rearing cover and complexity.
Connected side-channels could also be created through excavation, or log jams could be
placed to encourage natural channel dynamics and adjustment.
This site may be suitable for creation of a chum spawning channel with upwelling
conditions, especially if the channel is designed to receive subsurface flow originating
from the main channel. Modest excavation of the channel to encourage flows during the
late summer may increase available shallow-water habitat for juvenile salmon rearing.
Riparian plantings would enhance shade and cover.

Anticipated Benefits
This project would enhance channel complexity and would benefit juvenile rearing and
adult holding. There may be the potential for chum spawning habitat.

Feasibility and Cost Considerations
Access could be obtained from Eagle Island. There is private land on the right bank.
Cost depends on the scale of the treatments applied and could range from $100,000 to
$300,000.
The presence of hyporheic flow and adequate transmissivity of subsurface flow would
need to be investigated to evaluate the potential for chum spawning habitat. A clay lens
that was observed in the north channel may affect groundwater connectivity in some
areas.
As with all of the projects identified in the north channel, there is risk associated with the
north channel becoming completely abandoned. Any significant effort expended on
restoration work in the north channel should be completed in conjunction with efforts to
maintain flows into the north channel. Furthermore, it should be recognized that addition
of LWD into the north channel may increase roughness that could hinder efforts to keep
the north channel active during low flow periods. Hydraulic and geomorphology analysis
will be necessary to properly evaluate this risk.
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Project 12: Left Bank Side Channel – North Channel
Site Description
This site is located in the north channel, about 1,000 meters downstream of the Island
Boat Ramp. There are actually 2 distinct overflow channels at this location that are not
active at summer low flows. These channels are overgrown with vegetation (primarily
reed canarygrass) and the bed is composed of silty sand throughout, forming boggy areas
and small ponds.

Figure 13. Left bank overflow channel in the north channel.

Treatment Alternatives
One alternative is to create a flow-through side channel that is connected to the mainstem
upstream of the riffle at the sharp meander bend. This would increase the gradient and
would help to maintain flow competency within the channel. A bar apex jam could help
to maintain the scour near the inlet and would add to habitat complexity.
Another alternative is to create a hyporheic-fed channel that is not connected to the main
channel at the upstream end but that sources groundwater flow from the main channel.
More investigation will be needed to assess feasibility of this approach.
Vegetation enhancements in this area should include installation of native shrubs within
the floodplain, which would provide several benefits including: future reduction in
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abundance of reed canarygrass, wildlife habitat benefits in the form of food and cover,
and roughening of the floodplain. If modification of the northern channel is anticipated,
then the effects of dense floodplain plantings will need to be evaluated. Suitable species
for this area include willows, red-osier dogwood, spirea, pacific ninebark, and nootka
rose.

Anticipated Benefits
This project would enhance channel complexity and dynamics. Juvenile rearing and
adult holding habitat would be enhanced through maintenance of side channel habitat and
installation of LWD for cover and complexity. This site has the potential to support
chum spawning.

Feasibility and Cost Considerations
The presence of hyporheic flow and adequate transmissivity of subsurface flow would
need to be investigated to evaluate the potential for chum spawning habitat. Installation
of porous substrate and/or groundwater galleries could be utilized to enhance upwelling
conditions. A clay lens that was observed in the north channel may affect groundwater
connectivity in some areas.
The construction cost range is approximately $150,000 to $250,000, but could vary
widely depending on the extent of treatments.
As with all of the projects identified in the north channel, there is risk associated with the
north channel becoming completely abandoned. Any significant effort expended on
restoration work in the north channel should be completed in conjunction with efforts to
maintain flows into the north channel. Furthermore, it should be recognized that addition
of LWD into the north channel may increase roughness that could hinder efforts to keep
the north channel active during low flow periods. Hydraulic and geomorphology analysis
will be necessary to properly evaluate this risk.
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Project 13: Right Bank Existing Side-Channel – North Channel
Site Description
This is an active side-channel along the right bank in the north channel approximately
800 meters downstream from the upstream end of Eagle Island. The site offers
opportunity for enhancement of rearing cover and complexity through placement of large
woody debris.

Figure 14. Existing side-channel on the right bank in the north channel.

Treatment Alternatives
Alternatives include installation of a bar apex jam to encourage continued flow into the
side-channel. Additional LWD jams and smaller accumulations could be placed within
the side-channel and along the main channel to enhance salmonid rearing complexity and
cover.

Anticipated Benefits
This project would enhance channel complexity and dynamics. Juvenile rearing and
adult holding habitat would be enhanced through maintenance of side channel habitat and
installation of LWD for cover and complexity.

Feasibility and Cost Considerations
This project is located adjacent to private lands. Access could either be obtained from
Eagle Island or from private lands. De-watering of the work area during construction
would be straightforward as flow into the side-channel can be easily diverted to the main
channel. The construction cost range is approximately $100,000 to $200,000, but could
vary widely depending on the extent of treatments.
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As with all of the projects identified in the north channel, there is risk associated with the
north channel becoming completely abandoned. Any significant effort expended on
restoration work in the north channel should be completed in conjunction with efforts to
maintain flows into the north channel. Furthermore, it should be recognized that addition
of LWD into the north channel may increase roughness that could hinder efforts to keep
the north channel active during low flow periods. Hydraulic and geomorphology analysis
will be necessary to properly evaluate this risk.
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Project 14: Left Bank Side Channel – North Channel
Site Description
In the north channel about 430 meters downstream of the Island Boat Ramp is a
vegetated gravel bar on the left side of the river with an overflow channel between the
gravel bar and Eagle Island. This overflow channel has two outlets and each forms a
backwater at low flow. Small schools of salmonid juveniles were observed using each of
the backwaters. The overflow channel is gravel-bottomed and both the gravel bar and
overflow channel are covered in reed canary grass and small willows. The inlet of the
side channel begins in a shallow, low-gradient channel segment and the downstream
outlets enter the main channel below a riffle. The side channel has a relatively high
gradient.

Figure 15. Left bank overflow channel near the upstream end of the north channel.

Treatment Alternatives
Treatment alternatives include creation of a low flow side-channel or connected
backwater channel, or potentially only the placement of a bar apex log jam to induce
channel dynamics and adjustment.
This site may be suitable for creation of a chum spawning channel with upwelling
conditions, especially if the channel is designed to receive subsurface flow originating
from the main channel. Modest excavation of the channel to encourage flows during the
late summer may increase available shallow-water habitat for juvenile salmon rearing.
Riparian plantings would enhance shade and cover.
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Anticipated Benefits
This project would enhance channel complexity and dynamics. Juvenile rearing and
adult holding habitat would be enhanced through maintenance of side channel habitat and
installation of LWD for cover and complexity. This site has the potential to support
chum spawning.

Feasibility and Cost Considerations
The presence of hyporheic flow and adequate transmissivity of subsurface flow would
need to be investigated to evaluate the potential for chum spawning habitat. Installation
of porous substrate and/or groundwater galleries could be utilized to enhance upwelling
conditions. A clay lens that was observed in the north channel may affect groundwater
connectivity in some areas.
As with all of the projects identified in the north channel, there is risk associated with the
north channel becoming completely abandoned. Any significant effort expended on
restoration work in the north channel should be completed in conjunction with efforts to
maintain flows into the north channel. Furthermore, it should be recognized that addition
of LWD into the north channel may increase roughness that could hinder efforts to keep
the north channel active during low flow periods. Hydraulic and geomorphology analysis
will be necessary to properly evaluate this risk.
Access could be obtained to Eagle Island from near the Island Boat Ramp. This project
has a cost range estimate of $150,000 to $200,000, but could vary widely depending on
the extent of treatments.

Tech Memo 2: Preliminary Project Opportunities

Page 29

Eagle Island Project Identification and Design

EAGLE ISLAND PROJECT IDENTIFICATION AND DESIGN
Tech Memo 3: Preliminary Design Report
To:

Lower Columbia Fish Recovery Board and Eagle Island Technical Oversight Group
(TOG)

From: Interfluve, with technical input from Stillwater Sciences and Berger Abam.
Date: 11/24/2009
Description: This Technical Memorandum is a design report that accompanies the 30%
designs for three priority projects in the Eagle Island Reach of the NF Lewis River.
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Introduction
This preliminary design report covers three of the top ranked habitat enhancement
opportunities in the Eagle Island reach. This document accompanies the preliminary
designs (30% level) for the projects. The three projects are referred to as Sites A, B, and C;
their locations are depicted below in Figure 1.

Figure 1. Eagle Island priority habitat enhancement opportunities taken forward to the 30% design
phase.

Geomorphic Setting
The project sites are located in the broad alluvial lower Lewis River valley. The stream
channel is unconfined at this location. The channel type is pool-riffle dominated by gravel
and cobble substrate. Gradient is very flat at approximately 0.1%. The summer low flow
wetted width of the south channel at this location is approximately 180 feet. There are few
well-defined pools; past habitat surveys have indicated that most of the habitat in this reach
is composed of glide habitat (PacifiCorp 2004). Figure 2 depicts a hillshade relief image of
the site based on Clark County LiDAR data from 2002.
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Figure 2. Hillshade relief image of project sites.

The historical record (aerial photos dating back to 1938 and survey maps dating back to
1854) indicates a history of active channel dynamics in the project area. Channel changes
are due to natural flood processes as well as human activities including gravel mining. The
1854 Government Land Office survey maps show the river cutting through the middle of
the present-day Eagle Island. The 1938 aerial photos show the river channel in a different
location than in 1854, with a distinct north channel (active channel in 1938) and a mostly
dry south channel that shows signs of significant recent sediment deposition and scour
(Figure 3). These features are believed to be the result of the large 1933 flood that resulted
in sediment mobilization and reorganization and resurfacing of point bars throughout the
lower Lewis River (Stillwater Sciences 2006). The 1938 photos also depict what appears
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to be a diversion structure and/or stream crossing at the upstream end of the south channel
that may be reducing flow into the south channel. The specific purpose, origin, or effect of
this structure is unknown to the investigators. Aerial photos since 1938 show flow in both
the north and south Eagle Island channels, with summer flow slowly shifting more to the
south channel over time.

Figure 3. 1938 Aerial Photo overlain with 2007 channel location.

At the reach scale, channel complexity, available habitat cover, and the health of native
riparian forest communities have been reduced since historical conditions. Reach-scale
fluvial evolution is progressing toward a simplified channel planform as former multithread
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channels are abandoned. Past gravel mining, and possibly the effects of the hydropower
system on sediment transport, have contributed to incision that has resulted in abandonment
of off-channel habitat and has appeared to reduce the frequency of channel adjustment.
Large woody debris quantities have been reduced by past snagging, riparian timber harvest,
and interruption of fluvial transport as a result of the hydropower system (Interfluve et al.
2008). There is a significant lack of large woody debris that is necessary to provide routine
channel adjustment, habitat formation, storage and sorting of sediments, and aquatic habitat
cover and velocity refuge.
The north channel around Eagle Island appears to be moving progressively towards
abandonment. This phenomenon can be seen in the aerial photo record. These observations
suggest that continued summer season flow into the south channel is expected to continue
and that restoration efforts expended here would not be subject to significant channel
abandonment risk.

Fish Species and Use
Please refer to the Eagle Island Tech Memo 1 (Existing Conditions) for a summary of fish
use and distribution in the entire Eagle Island area.
There is limited information regarding fish use within the specific project areas (Site A-C).
Occasional spawning by fall “bright” Chinook has been observed in the upstream 300-400
yards of the Eagle Island channels in December and January (Shane Hawkins, personal
communication). Steelhead spawning in the spring is also known to occur in the project
area. A map of steelhead redd locations for 2008 and 2009 is presented in Figure 4
(WDFW data).
Since the early 1980s, WDFW has conducted juvenile seining targeting fall Chinook in the
spring and early summer (typically late May to early July). The seining effort is conducted
in order to capture juvenile fall Chinook for tagging and is not specifically designed to map
spatial distribution or habitat preferences for juvenile rearing. Nevertheless, the data does
provide some indication of occurrence of juvenile rearing in the project areas. Data from
2004 to 2008 indicate that 200 to 4,000 juvenile fish have been captured annually within
the Site A side-channel during spring sampling; 700 to 3,600 have been captured near Site
B; and 0 to over 10,000 have been captured near Site C. Based on species composition for
the entire lower river, the vast majority of these fish are Chinook, with smaller amounts of
coho, trout, and chum (very few chum would be expected in these catches).
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Figure 4. WDFW data (unpublished) of steelhead redd locations in the project area.

Restoration Objectives
The following restoration objectives helped to guide the project design approach:
x

Promote channel complexity and habitat-forming processes.

x

Increase the abundance and complexity of off-channel and side-channel habitat.

x

Increase pool habitat quality and quantity.

x

Increase the quality and complexity of existing channel margin habitat used for juvenile
salmonid rearing and adult holding.

x

Increase LWD quantities to greater than 57 pieces/100 meters (25 percentile historical
modeled LWD frequency, Interfluve et al. 2008) to increase the availability of rearing
and holding cover, complexity, and velocity refuge.

x

Restore a native streambank, riparian, wetland, and floodplain vegetation community to
provide stability, shade, wildlife habitat, and future LWD recruitment.
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Restoration Approaches
The restoration approaches at Sites A, B, and C primarily involve a combination of large
woody debris placements that add complexity and cover. Riparian treatments are also
included to treat areas disturbed during construction, to control invasive species, and to
foster a native riparian vegetation community.
The types and function of large woody debris installations that are detailed in the 30%
design plans are described below. LWD installations require ballast to reduce the risk of
fluvial transport out of the project area (and likely out of the Lewis River system).
Allowing some spatial adjustment of placed woody material is desirable; however,
complete loss of wood is undesirable due to the severe lack of wood in the system and the
unlikely event of wood being replaced naturally due to young riparian stands and lack of
fluvial wood transport from upstream sources.
Habitat cover wood: habitat cover wood consists of individual placements or small
accumulations (1-10 pieces) within the active channel that are designed to provide
holding and rearing cover. These structures provide velocity refuge during high flow,
provide cover from predators, and provide a substrate for macro-invertebrate
colonization.
Lateral scour pool jams: lateral scour pool log jams are positioned to induce pool scour.
They are typically placed along the outside of meander bends although they may be
placed at other locations along the channel boundary as appropriate. These jams provide
the functions of cover wood and also maintain pools, sort gravels, and capture additional
wood.
Bar apex jams: bar apex jams are positioned with the intent of creating or maintaining a
split flow condition around the jam. These jams consist of key members oriented parallel
to the flow with racked members positioned perpendicular to the flow along the upstream
portion of the jam. Bar apex jams create scour just upstream of the jam and deposition
just downstream. They are designed to capture additional fluvial wood from upstream.
These jams provide habitat cover and velocity refuge but are mainly designed to enhance
channel complexity.
Floodplain wood: floodplain wood consists of individual pieces or small accumulations of
wood placed on the floodplain surface to increase floodplain roughness where natural
floodplain roughness elements (e.g. vegetation or logs) are insufficient. These
placements reduce avulsion risk and erosion associated with unstable channels until a
point at which natural vegetation and natural wood recruitment are able to provide natural
stability.

Site A – Treatment Strategy
Site Description
This site is located on the river left (south) side of the south channel 250 meters
downstream of the upstream end of Eagle Island and consists of a perennially-active side-
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channel that is approximately 1,200 feet long (Figure 5). The side-channel is a moderately
sinuous gravel-bed channel. The gravel bar that separates the channel from the mainstem is
well-vegetated and has a few mature riparian trees. There are several small islands in this
side channel, and overall channel complexity is relatively high. There is currently some
wood in the side-channel but scour pools are scarce and riparian cover is poor. The inlet
begins in a shallow water reach just upstream of a riffle and the outlet is downstream of the
riffle; the gradient is similar to the mainstem.
Modest channel complexity has been maintained throughout the 1,200 foot long sidechannel. Deposition of gravel bars has created a multithread channel during low water
conditions with small backwater eddies and side-channels. However, there are only several
existing pieces of LWD to provide habitat cover and promote pool scour.
The vegetation on the narrow island is stratified into two separate age classes. The eastern
portions of the island are vegetated by young trees and a variety of non-native herbaceous
species. Tree species within the eastern portion of the island are limited to Oregon ash
(Fraxinus latifolia), black cottonwood (Populus tricarpa), and red alder (Alnus rubra).
Tree density is very high in the eastern portion of the island with stem counts estimated at
500 per acre. The age class of the trees is in the 10-15 year range with average tree heights
of 8-10 feet. There is very little shrub coverage in the eastern-most portion of the island
with species limited to Scouler's willow (Salix scoulerana), hooker willow (Salix
hookeriana), Himalayan (Armenian) blackberry (Rubus armeniacus), Japanese knotweed
(Polygonum cuspidatum) and spiraea. This is in contrast to the central and western portions
of the island that have a dense shrub layer beneath a canopy of mature black cottonwood
and Oregon ash trees. Herbaceous vegetation includes a wide variety of non-native species
including colonial bentgrass (Agrostis capillaries), Canada thistle (Cirsium
arvense),smooth hawksbeard, common vetch (Vicia sativa),common plantain (Plantago
major), common tansy (Tanacetum vulgare), and curly dock (Rumex crispus).
This is one of the best sites on the lower Lewis River for enhancement of channel
complexity and re-introduction of LWD, primarily due to the following: 1) wood jams can
be constructed that are protected from mainstem flows, 2) the project enhances existing
complexity and channel dynamics, and 3) the project will not affect boat traffic.

Figure 5. View looking downstream at Site A. Head of side-channel is on the right.
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Treatment Approach
Medium to large jams and individual pieces will be placed throughout the 1,200 foot long
side-channel. At the head of the side channel, a large bar apex jam will be constructed that
wraps the upstream end of the island and extends into the main channel; this will provide
habitat benefit to the main channel and will be designed to encourage the maintenance of a
split-flow condition during low flows. Two additional bar apex jams will be constructed
within the side-channel to encourage split flow conditions to maximize complexity and
edge habitat. Lateral scour pool jams will be constructed along channel margins of the
side-channel to promote the development of lateral scour pools with wood cover. Habitat
cover wood will be placed at numerous locations to provide shelter complexity for
salmonid rearing. Placement of floodplain wood will provide roughness elements that are
lacking due to the absence of a robust native riparian vegetation community.
Vegetation enhancements near the eastern end of the site will focus on control of
Himalayan blackberry and the establishment of a native shrub/scrub layer. The planting of
tree species will not be necessary in this area as there are high numbers of red alder, black
cottonwood and Oregon ash seedlings already established in this area. Tree numbers are of
a density sufficient to provide a canopy closure percentage of 75-100 percent upon
maturation. The decision to not augment the existing tree diversity with conifers was based
on the fact that conifers would likely experience high rates of mortality in the gravelly and
sandy soils in this portion of the island.
Establishment of a dense shrub layer will improve wildlife habitat values, reduce scour
during moderate flood events, and help prevent further establishment of invasive species.
Species to be planted in this area will be specially selected due to the extremely sandy
nature of the soil. Soil sample pits revealed very little organic matter in the soil which will
severely limit the ability of some native species to become established. Primary restoration
species will consist of willow and red-osier dogwood.
The Himalayan blackberry can be effectively eliminated with herbicide applications in the
fall followed up with spot treatments the following spring. Japanese knotweed is
exceptionally difficult to completely eradicate although this very aggressive species can be
effectively suppressed through the implementation of an herbicide treatment schedule.
This schedule would include multiple injections of glyphosate using an herbicide lance
throughout the growing season. Effective suppression of actively growing knotweed
populations will require successive injections of herbicide over the course of two to three
years.

Anticipated Benefits
This reach is ideal for restoration since it already contains relatively high-quality aquatic
habitat, especially for rearing juvenile salmonids, which were observed in abundance
during the initial survey. Wood placements in the side channel will provide cover and scour
pools that will benefit juvenile steelhead, Chinook, and coho rearing throughout the year.
LWD jams will also enhance adult holding and spawning.
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Feasibility Considerations
Clark County owns the project site although access will be obtained across private lands to
the south. Clark County has an access easement from Hayes Road (County Road No. 16)
through these properties. De-watering of the work area during construction would be
straightforward as flow into the side-channel can be diverted to the main channel.

Preliminary Cost Estimate
This cost estimate is based on the treatment strategy described in the 30% design plans.
Alteration to these plans may require adjustment of costs up or down. Costs may also vary
depending on the availability of material types (e.g. large woody debris sizes), material
transport distances, and the means of material acquisition (e.g. donated material vs.
purchased wood). This cost estimate assumes all material is purchased and that transport
distance is within 30 miles of the project site.
No.
Bid Item
General
Mobilization
1
Erosion and Sediment Control
Cofferdams
2
Stone Construction Entrance
3
Erosion Control
4
Earthwork
Logs
5
Logs with Root Wads
6
Boulders
7
Landscaping
Plant material (bare root)
8
Plant protectors
9
Stakes
10
Plant labor
11
Invasive Species removal
12

Unit

Unit Price

Quantity

Subtotal

LS

$30,000

1

$30,000

LF
LS
LS

$35
$5,000
$5,000

300
1
1

$10,500
$5,000
$5,000

EACH
EACH
EACH

$1,000
$1,200
$100

141
55
352

$141,000
$66,000
$35,200

EACH
EACH
EACH
EACH
LABOR HOUR

$1.75
$1.10
$0.50
$3.75
$25

2,050
2,050
2,050
2,050
24

$3,588
$2,255
$1,025
$7,688
$600

Construction Subtotal

$307,855

10% Contingency

$30,786

Project Total

$338,641

Cost Estimate Assumptions:
Design flow velocity 6 fps
Logs purchased outright. Considerable savings could be gained if cheaper wood acquisition is obtained

Site B – Treatment Strategy
Site Description
This site is located on river right across from the Site A side-channel outlet. This site
contains numerous meander-scar traces from historical mainstem channel locations. The
upstream portion of the site consists of a large alcove (Figure 6) and the downstream
portion consists of an exposed bar and low-flow backwater channel. The low-flow
backwater channel is part of an abandoned channel that begins just downstream of the
alcove. The upstream portion of the channel is filled with silty sand and is overgrown with
vegetation. The inlet is just upstream of a riffle in the main channel and the outlet enters
the main channel downstream of the riffle. There is some ponding of water in this
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overflow channel. This area appeared to contain an active side-channel in the 1974 aerial
photos and a connected backwater channel as recently as 1996.
This site contains moderate channel complexity but few pieces of LWD with the exception
of a large log jam on the terrace at the southern end of the alcove. This jam is likely a relic
of the 1996 flood.
This area is characterized by shallow water habitats, emergent wetlands, and shrub/scrub
habitats. Vegetation is a combination of common wetland shrub species such as red-osier
dogwood (Cornus sericea) pacific ninebark (Physocarpus capitatus), willows, spirea, and
areas of dense reed canarygrass. Emergent wetland species include soft rush (Juncus
effuses), toad rush (Juncus buffoensis), dagger tipped rush (Juncus ensifolius), bur-reed
(Sparganium erectum), and slough sedge (carex obnupta).
Evidence of past Chinook spawning (redd features) in this area was observed during the
field visit.

Figure 6. View midway through project Site B looking upstream at alcove.

Treatment Approach
This site provides a good opportunity to contribute to the existing complexity by adding a
series of apex jams designed to split flow into historical channel scar depressions. The
preliminary design includes three bar apex jams to enhance channel dynamics and split
flow conditions. Bar apex jams are expected to capture additional wood during floods.
The development of large jams is likely to re-establish a dynamic, shifting channel
condition in this reach, adding to habitat complexity. Construction of a lateral scour pool
jam in the alcove will enhance pool scour and cover. Habitat cover wood in the existing
backwater channel will increase habitat cover and complexity. Placement of floodplain
wood will provide roughness elements that are lacking due to the absence of a robust native
riparian vegetation community.
The vegetation enhancement strategy in this area will be focused on establishing a medium
density tree canopy and creating isolated patches of shrub cover. Plantings will occur
along the banks and low lying portions of the treatment area. Tree species will include
those suited to thrive in moist to seasonally flooded conditions such as Oregon ash and
black cottonwood. The goal of the tree plantings is to establish a tree canopy to provide
shade of surface waters, increase organic inputs to the stream and provide for future woody
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debris recruitment. The plantings in this area will be spaced to prevent complete canopy
closure, which could result in the loss of the shade intolerant emergent species currently
located in the treatment area. In addition to the proposed tree plantings, a small amount of
native shrub species will also be planted in isolated clusters throughout the treatment area.
Shrub species will be limited to willows (Salix spp) and spirea. The goal of the shrub
plantings is to increase wildlife habitat values, provide opportunities for amphibian egg
laying, and stabilization of soils.

Anticipated Benefits
This project will benefit off-channel and near-shore rearing for salmon and steelhead.
Construction of apex jams and activation of side-channels will enhance channel
complexity. Other wood placements will increase the availability of pools and wood cover
that will provide refuge habitats for salmonid rearing and holding. The vegetation
enhancements will result in increased habitat complexity and native plant species diversity.
In addition, water quality benefits such as reduced steam water temperatures and
attenuation of sediments should be achieved once the plantings have matured.

Feasibility Considerations
Clark County currently owns this parcel (Eagle Island). Access could be provided from the
Island Boat Ramp at the head of the Eagle Island North Channel. This would require a
crossing of the north channel and the establishment of an access road across Eagle Island to
the project site. It may also be possible to access this site from across the river near project
Site A, at least for material delivery to the site.

Preliminary Cost Estimate
This cost estimate is based on the treatment strategy described in the 30% design plans.
Alteration to these plans may require adjustment of costs up or down. Costs may also vary
depending on the availability of material types (e.g. large woody debris sizes), material
transport distances, and the means of material acquisition (e.g. donated material vs.
purchased wood). This cost estimate assumes all material is purchased and that transport
distance is within 30 miles of the project site.
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No.
Bid Item
General
Mobilization
1
Erosion and Sediment Control
Cofferdams
2
Stone Construction Entrance
3
Access Road
4
Erosion Control
5
Earthwork
Logs
6
Logs with Root Wads
7
Boulders
8
Landscaping
Seed
9
Seeding labor
10
Plant material (bare root)
11
Plant protectors
12
Stakes
13
Plant labor
14
12
Invasive Species removal

Unit

Unit Price

Quantity

Subtotal

LS

$25,000

1

$25,000

LF
LS
LS
LS

$35
$5,000
$5,000
$5,000

480
1
1
1

$16,800
$5,000
$5,000
$5,000

EACH
EACH
EACH

$1,000
$1,200
$100

99
38
245

$99,000
$45,600
$24,500

ACRE
LS
EACH
EACH
EACH
EACH
LABOR HOUR

$370
$175
$1.75
$1.10
$0.50
$3.75
$25

1
1
1,675
1,675
1,675
1,675
32

$370
$175
$2,931
$1,843
$838
$6,281
$800

Construction Subtotal

$232,056

10% Contingency

$23,206

Project Total

$255,262

Cost Estimate Assumptions:
Design flow velocity 6 fps
Logs purchased outright. Considerable savings could be gained if cheaper wood acquisition is obtained

Site C – Treatment Strategy
Site Description
This site is located on river right approximately 1,500 feet downstream of Site B. This site
consists of a low-water side-channel complex. Most of the bar/island is overtopped above
bankfull flows. There is very little LWD in this side-channel. The island is dominated by
willows and there are mature riparian trees at the upstream end of the island. The river
right streambank is composed of willows, spirea, reed canary grass, and some mature
cottonwood. See photo of site in Figure 7.
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Figure 7. Downstream end of Site C. Outlet to side channel is on the left of photo.

Treatment Approach
This site contains moderate complexity in the form of a multi-thread channel but LWD
quantities are very low or non-existent and complex rearing cover is virtually absent. The
preliminary design includes the construction of two apex jams to encourage the
continuation of split flow conditions. Two to three lateral scour pool jams are included to
promote pool scour and provide cover. Multiple placements of habitat cover wood provide
additional rearing cover and complexity.
The island itself currently contains high numbers of willow and red-osier dogwood saplings
and therefore the revegetation plan does not include any planting on the island.
Revegetation on the bar/island will only be necessary in areas disturbed during
construction. Whereas the river-right streambank on Eagle Island does contain some
mature black cottonwoods, the current number of trees and shrubs is generally low.
Plantings in this area will be completed in order to increase wildlife habitat values, to
provide bank stability, and to eventually outcompete the reed canarygrass stands through
shading. Suitable species for enhancement in this area include Oregon ash, black
cottonwood, red alder, willow, dogwood, and spirea.
Lastly, in order to increase the success of the proposed plantings and limit the spread of
invasives, Himalayan blackberry eradication will be necessary within and adjacent to the
enhancement areas. As in the previous treatment site, chemical control methods will be the
most effective way to eliminate existing patches of Himalayan blackberry.

Anticipated Benefits
This project will benefit off-channel and near-shore rearing for salmon and steelhead.
Construction of apex jams and activation of side-channels will enhance channel
complexity. Other wood placements will increase the availability of pools and wood cover
that will provide refuge habitats for salmonid rearing and holding.
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Feasibility Considerations
Clark County currently owns this parcel (Eagle Island). Access could be provided from the
Island Boat Ramp at the head of the Eagle Island North Channel. This would require a
crossing of the north channel and the establishment of an access road across Eagle Island to
the project site. It may also be possible to access this site from across the river near project
Site A, at least for material delivery to the site. De-watering of the work area during
construction would be straightforward as flow into the side-channel can be diverted to the
main channel.

Preliminary Cost Estimate
This cost estimate is based on the treatment strategy described in the 30% design plans.
Alteration to these plans may require adjustment of costs up or down. Costs may also vary
depending on the availability of material types (e.g. large woody debris sizes), material
transport distances, and the means of material acquisition (e.g. donated material vs.
purchased wood). This cost estimate assumes all material is purchased and that transport
distance is within 30 miles of the project site.
No.
Bid Item
General
Mobilization
1
Erosion and Sediment Control
Cofferdams
2
Stone Construction Entrance
3
Access Road
4
Erosion Control
5
Earthwork
Logs
6
Logs with Root Wads
7
Boulders
8
Landscaping
Seed
9
Seeding labor
10
Plant material (bare root)
11
Plant protectors
12
Stakes
13
Plant labor
14
12
Invasive Species removal

Unit

Unit Price

Quantity

LS

$25,000

1

$25,000

LF
LS
LS
LS

$35
$5,000
$5,000
$5,000

260
1
1
1

$9,100
$5,000
$5,000
$5,000

EACH
EACH
EACH

$1,000
$1,200
$100

122
44
294

$122,000
$52,800
$29,400

ACRE
LS
EACH
EACH
EACH
EACH
LABOR HOUR

$370
$175
$1.75
$1.10
$0.50
$3.75
$25

1
1
650
650
650
650
24

$463
$219
$1,138
$715
$325
$2,438
$600

Construction Subtotal

Subtotal

$256,159

10% Contingency

$25,616

Project Total

$281,775

Cost Estimate Assumptions:
Design flow velocity 6 fps
Logs purchased outright. Considerable savings could be gained if cheaper wood acquisition is obtained
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EAGLE ISLAND PROJECT IDENTIFICATION AND DESIGN
Tech Memo 4: 90% Design Report
To:

Lower Columbia Fish Recovery Board and Eagle Island Technical Oversight Group
(TOG)

From: Interfluve, with technical input from Stillwater Sciences and Berger Abam.
Date: 11/24/2009
Description: This Technical Memorandum is a design report that accompanies the 90%
designs for Site A in the Eagle Island Reach of the NF Lewis River.
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Introduction
This design report covers Site A that was the top ranked habitat enhancement opportunity
in the Eagle Island Reach. Site A was one of three of the top ranked habitat enhancement
opportunities for which preliminary (30%) designs were developed. The locations of the
top ranked project Sites A, B, and C are depicted below in Figure 1. This document
accompanies the 90% design for Site A. Further design development (beyond 30% design)
of Sites B & C are beyond the scope of this work.

Figure 1. Eagle Island priority habitat enhancement opportunities taken forward to the 30% design
phase. Site A, the top ranked project, has been further developed to 90% design.

Restoration Objectives
The following restoration objectives helped to guide the project design approach:
x

Promote channel complexity and habitat-forming processes.

x

Increase the abundance and complexity of off-channel and side-channel habitat.

x

Increase pool habitat quality and quantity.

x

Increase the quality and complexity of existing channel margin habitat used for juvenile
salmonid rearing and adult holding.

Tech Memo 4: 90% Design Report

Page 2 of 10

Eagle Island Project Identification and Design
x

Increase LWD quantities to greater than 57 pieces/100 meters (25 percentile historical
modeled LWD frequency, Interfluve et al. 2008) to increase the availability of rearing
and holding cover, complexity, and velocity refuge.

x

Restore a native streambank, riparian, wetland, and floodplain vegetation community to
provide stability, shade, wildlife habitat, and future LWD recruitment.

Treatment Strategy
Site Description
This site is located on the river left (south) side of the south channel 250 meters
downstream of the upstream end of Eagle Island and consists of a perennially-active sidechannel that is approximately 1,200 feet long (Figure 2). The side-channel is a moderately
sinuous gravel-bed channel. The gravel bar that separates the channel from the mainstem is
well-vegetated and is dominated by shrubs, with some mature riparian trees. There are
several small islands in this side channel, and overall channel complexity is relatively high.
There is currently some wood in the side-channel but scour pools are scarce and riparian
cover is poor. The inlet begins in a shallow water reach just upstream of a riffle and the
outlet is downstream of the riffle; the gradient is similar to the mainstem.
Modest channel complexity has been maintained throughout the 1,200 foot long sidechannel. Deposition of gravel bars has created a multithread channel during low water
conditions with small backwater eddies and side-channels. However, there are only several
existing pieces of LWD to provide habitat cover and to promote pool scour.
The vegetation on the narrow island is stratified into two separate age classes. The eastern
portions of the island are vegetated by young trees and a variety of non-native herbaceous
species. Tree species within the eastern portion of the island are limited to Oregon ash
(Fraxinus latifolia), black cottonwood (Populus tricarpa), and red alder (Alnus rubra).
Tree density is very high in the eastern portion of the island with stem counts estimated at
500 per acre. The age class of the trees is in the 10-15 year range with average tree heights
of 8-10 feet. There is very little shrub coverage in the eastern-most portion of the island
with species limited to Scouler's willow (Salix scoulerana), hooker willow (Salix
hookeriana), Himalayan (Armenian) blackberry (Rubus armeniacus), Japanese knotweed
(Polygonum cuspidatum) and spirea (Spiraea douglasii). This is in contrast to the central
and western portions of the island that have a dense shrub layer beneath a canopy of mature
black cottonwood and Oregon ash trees. Herbaceous vegetation includes a wide variety of
non-native species including colonial bentgrass (Agrostis capillaries), Canada thistle
(Cirsium arvense), smooth hawksbeard, common vetch (Vicia sativa), common plantain
(Plantago major), common tansy (Tanacetum vulgare), and curly dock (Rumex crispus).
This is one of the best sites on the lower Lewis River for enhancement of channel
complexity and re-introduction of LWD, primarily due to the following: 1) wood jams can
be constructed that are protected from mainstem flows, 2) the project enhances existing
complexity and channel dynamics, and 3) the project will not affect boat traffic.
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Figure 2. View looking downstream at Site A. Head of side-channel is on the right.

Treatment Approach
The restoration approach at Site A involves a combination of large woody debris
placements that add complexity and cover. Riparian treatments are also included to treat
areas disturbed during construction, to control invasive species, and to foster a native
riparian vegetation community.
Medium to large jams and individual pieces will be placed throughout the 1,200 foot long
side-channel. At the head of the side channel, a large bar apex jam will be constructed that
wraps the upstream end of the island and extends into the main channel; this will provide
habitat benefit to the main channel and will be designed to encourage the maintenance of a
split-flow condition during low flows. Two additional bar apex jams will be constructed
within the side-channel to encourage split flow conditions to maximize complexity and
edge habitat. Lateral scour pool jams will be constructed along channel margins of the
side-channel to promote the development of lateral scour pools with wood cover. Habitat
cover wood will be placed at numerous locations to provide shelter complexity for
salmonid rearing. Placement of floodplain wood will provide roughness elements that are
lacking due to the absence of a robust native riparian vegetation community. The types and
function of large woody debris installations that are detailed in the 90% design plans are
described in Table 1.
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Table 1. Types of woody debris installations described in the 90% design drawings.
Habitat cover wood
Habitat cover wood consists of individual placements or small accumulations (1-10 pieces) within the
active channel that are designed to provide holding and rearing cover. These structures provide velocity
refuge during high flow, provide cover from predators, and provide a substrate for macro-invertebrate
colonization.
Lateral scour pool jams
Lateral scour pool log jams are positioned to induce pool scour. They are typically placed along the
outside of meander bends although they may be placed at other locations along the channel boundary as
appropriate. These jams provide the functions of cover wood and also maintain pools, sort gravels, and
capture additional wood.
Bar apex jams
Bar apex jams are positioned with the intent of creating or maintaining a split flow condition around the
jam. These jams consist of key members oriented parallel to the flow with racked members positioned
perpendicular to the flow along the upstream portion of the jam. Bar apex jams create scour just
upstream of the jam and deposition just downstream. They are designed to capture additional fluvial
wood from upstream. These jams provide habitat cover and velocity refuge but are mainly designed to
enhance channel complexity.
Floodplain wood
Floodplain wood consists of individual pieces or small accumulations of wood placed on the floodplain
surface to increase floodplain roughness where natural floodplain roughness elements (e.g. vegetation or
logs) are insufficient. These placements reduce avulsion risk and erosion associated with unstable
channels until a point at which natural vegetation and natural wood recruitment are able to provide
natural stability.

Vegetation enhancements near the eastern end of the site will focus on control of
Himalayan blackberry and the establishment of a native shrub/scrub layer. The planting of
tree species will not be necessary in this area as there are high numbers of red alder, black
cottonwood and Oregon ash seedlings already established in this area. Tree numbers are of
a density sufficient to provide a canopy closure percentage of 75-100 percent upon
maturation. The decision to not augment the existing tree diversity with conifers was based
on the likelihood that conifers would experience high rates of mortality in the gravelly and
sandy soils on this portion of the island.
Establishment of a dense shrub layer will improve wildlife habitat values, reduce scour
during moderate flood events, and help prevent further establishment of invasive species.
Species to be planted in this area have been specially selected due to the extremely sandy
nature of the soil. Soil sample pits revealed very little organic matter in the soil which will
severely limit the ability of some native species to become established. Primary restoration
species will consist of willow and red-osier dogwood.
The Himalayan blackberry can be effectively eliminated with herbicide applications in the
fall followed up with spot treatments the following spring. Japanese knotweed is
exceptionally difficult to completely eradicate although this very aggressive species can be
effectively suppressed through the implementation of an herbicide treatment schedule.
This schedule would include multiple injections of glyphosate using an herbicide lance
throughout the growing season. Effective suppression of actively growing knotweed
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populations will require successive injections of herbicide over the course of two to three
years.

Anticipated Benefits
This reach is ideal for restoration since it already contains relatively high-quality aquatic
habitat, especially for rearing juvenile salmonids, which were observed in abundance
during the initial survey. Wood placements in the side channel will provide cover and scour
pools that will benefit juvenile steelhead, Chinook, and coho rearing throughout the year.
LWD jams will also enhance adult holding and spawning.

Feasibility Considerations
Clark County owns the project site although access will be obtained across private lands to
the south. Clark County has an access easement from Hayes Road (County Road No. 16)
through these properties. De-watering of the work area during construction will involve
diverting side-channel flow into the main channel.

Design Approach
Site Survey
A site survey was performed to support project design. The site survey included cross
sections throughout the north and south Eagle Island channels, channel profiles, and high
resolution topography data collected in the vicinity of project Site A. The survey was
performed using a variety of techniques. The majority of the site topography, profile, and
cross-section data were surveyed using a survey grade GPS instrument (i.e. GPS RTK). In
addition, a total station survey instrument was used to locate benchmarks for ground station
reference and for supplementing the GPS RTK survey data where satellite reception was
poor. For channel bathymetry that exceeded wading depth, a boat-mounted sonar depth
gauge was used to obtain water depth that was then referenced to water surface elevations
surveyed with the GPS RTK. Sonar depths were referenced to the horizontal plane using a
Trimble GeoXT resource grade GPS unit. Survey data supported hydraulic analysis
throughout the Eagle Island reach, with greater detail for Site A. Points surveyed are
shown in black over aerial photography in Figure 3.
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Figure 3. Survey points shown overlying aerial photography.

Hydrology
Flood flow magnitudes were developed for various flood recurrence intervals to be input
into hydraulic modeling and design calculations (Table 2). For the 10-, 50-, 100-, and 500year flows, flow magnitudes were obtained from the Lewis River Hydroelectric Projects
Flood Management Technical Report (FLD-1) (PacifiCorp 2004). The flows for the flow
scenario "Regulated flows with 70,000 acre-feet dependable flood control storage" at
Woodland, WA were utilized. The FLD-1 study did not provide 2-year event flows for
Woodland, WA but provided 2-year event floods for Ariel (Station #14220500) for the
scenario “Regulated flows with actual historic flood control storage". Because a major
tributary, Cedar Creek, enters the Lewis River downstream of Ariel, these flows were
corrected for the Eagle Island area (RM 8.8 just downstream of Eagle Island). This was
accomplished by calculating Cedar Creek flows as 17% of the East Fork near Heisson
(Station # 14222500) flows, which is consistent with the methods outlined in the FLD-1
Study. The remainder of the tributary flows between Ariel and RM 8.8 were calculated
using the USGS regional regression equations (Sumioka et al. 1998). Cedar Creek and
other tributary flows were added to the 2-year flows at Ariel in order to obtain the 2-year
event flows for Eagle Island.

Hydraulic Modeling
The hydraulic model was based on the survey shown in Figure 3 and supplemented with
LiDAR data supplied by Clark County. The supplemental LiDAR data was used to
complete surveyed sections in upland areas. A reach-based model was developed based on
the reach-based survey and input as a split flow model in HEC-RAS. Sections for the
reach-based model are shown in Figure 4. The reach-based model was used to partition
flows between the north and south channels encompassing Eagle Island.
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Figure 4. Cross sections used for reach-based HEC-RAS modeling.

The return interval flows were input into the hydraulic model with a normal depth
downstream boundary condition. The normal depth boundary condition does not account
for tidal influence or potential backwater from downstream bridges. It does however
provide a conservative design approach since it analyzes conditions at the highest flow
velocities (floods at low tide) that may occur within the reach. With the normal depth
boundary condition, flows were found to split around the island with the split flow
optimization routine in HEC-RAS. Table 2 shows flow partitioning based on model results
for the North and South channels at corresponding return intervals.
An apex bar jam was input into the located within the project site to check the rise in the
100-year flood, assuming that alluvium does not mobilize as a result of log jam placement.
The procedure entails modeling existing conditions and then inputting proposed conditions
and comparing the results. Large woody debris jams were modeled as blocked
obstructions. Model output indicates that the project will increase the 100-year flood
elevation, resulting in a 0.01 to 0.03 feet rise, which extends up to the most upstream cross
section.
Table 2. Flows used for hydraulic modeling.

Return Interval
2-year
10-year
50-year
100-year
500-year

Total Flow (cfs)
24,800
65,600
92,600
98,400
150,500

North Channel South Channel
Flow (cfs)
Flow (cfs)
12,173
12,627
28,337
37,263
37,377
55,223
39,315
59,085
54,781
95,719

The split flow condition allowed for more detailed modeling at Site A using the flow
partitioning provided by the reach scale model. The South Channel flows were input into a
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hydraulic model that specifically evaluated hydraulic conditions at Site A. Model output
was used to calculate hydraulic lift forces imposed on log jams. The Site A hydraulic
model utilized four cross sections through Site A and additional sections upstream and
downstream of Site A. Hydraulic model cross sections within Site A are shown on Sheet 7
of the 90% drawings and their locations are shown on Sheets 5 and 6 of the drawings. The
goal of this modeling and design procedure for Site A was to develop a more detailed
understanding of hydraulic forces acting on log jams within the site. The log jams are
shown on Sheets 5 through 7 of the 90% drawings.

Log Jam Ballast Design
LWD installations require ballast to reduce the risk of fluvial transport out of the project
area (and likely out of the Lewis River system). Allowing some spatial adjustment of
placed woody material is desirable; however, complete loss of wood is undesirable due to
the severe lack of wood in the system and the unlikely event of wood being replaced
naturally due to young riparian stands and lack of fluvial wood transport from upstream
sources.
The LWD ballast design for Site A relies on boulder ballast and cable to withstand the
vertical forces of buoyancy and lift. Vertical snags were not considered to resist the
vertical forces of buoyancy and lift since scour could remove surrounding soils that create
friction to resist vertical forces. A table has been provided in the design drawings to assist
with determining the correct number of boulders for ballast based on log size. The
horizontal drag force has been assumed to be resisted by friction and by the vertical snags
that act as pins to resist horizontal movement during flood flows. This assumption
recognizes that without vertical movement, the vertical snags would have to snap or be
dragged through river cobble to displace horizontally.

Preliminary Cost Estimate
This cost estimate is based on the 90% design drawings and the contract document
specifications. The items in the cost estimate correspond to the pay items provided in the
measurement and payment section of the specifications. Alteration to these plans may
require adjustment of costs up or down. Costs may also vary depending on the availability
of material types (e.g. large woody debris sizes), material transport distances, and the
means of material acquisition (e.g. donated material vs. purchased wood). This cost
estimate assumes all material is purchased and that transport distance is within 30 miles of
the project site.
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No.
Bid Item
General
1
Mobilization
Erosion and Sediment Control
2
Erosion Control
Earthwork
3
Bulk Excavation
4
Large Woody Debris
5
Boulders
Landscaping
6
Plantings (Cuttings)
7
Plantings (bare root)
8
Seed Installation
9
Invasive Species Control
10
Straw mulch

Unit

Unit Price

Quantity

LS

$30,000

1

$30,000

LS

$30,000

1

$30,000

CY
EACH
EACH

$12
$1,050
$100

1,000
200
352

$12,000
$210,000
$35,200

EACH
EACH
ACRE
ACRE
ACRE

$3.25
$5.25
$775.00
$500
$1,500

1,800
1,220
0.8
1.5
2.0

$5,850
$6,405
$620
$750
$3,000

Construction Subtotal
Permit Acquisition
Additional Design
Construction Oversight
Project Total

Subtotal

$333,825
$20,000
$15,000
$25,000
$393,825
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Conceptual Study Design for the

NF Lewis River – Eagle Island North Channel Abandonment Study
Prepared by: Inter-Fluve and Stillwater Sciences

Overview
Reach-scale channel evolution on the Lewis River in the vicinity of Eagle Island is progressing
through fluvial processes toward a simplified channel planform as formerly active channels are
trending towards abandonment in this historically anabranching channel. In particular, the north
channel around Eagle Island is being progressively abandoned as evidenced from sequential
aerial photography that indicates the primary flow has been shifting from the north to the south
channel since the 1930s. Observed changes from air photos and site visits include: 1) modest
degradation in the south channel of the Lewis River, 2) sediment deposition in the mouth of the
north channel that is effectively forming a natural levee, and 3) progressive riparian vegetation
encroachment on the levee. The cause of such change is probably related to various factors,
including: past in-channel gravel mining, the effects of the hydropower system in regulating peak
flows and reducing sediment supply and transport capacity.
If this trend continues, low flow may no longer reach the north channel, and thwart management
efforts designed to maintain the high value fish habitat supported in the north channel. Strategies
include restoration treatment alternatives proposed in the Eagle Island Technical Memo 2 (e.g.
Project 1 and Project 2, Figure 1) and include the addition of log jams and excavation of the levee
at the upstream end of Eagle Island, both designed to encourage flow into the north channel.
However, restoration treatments in the north channel must be judged in the context of longer-term
reach evolution to understand their longevity and likely maintenance requirements.
In this context, we propose a reach-scale investigation to characterize hydraulic processes and
geomorphic evolution. The evaluation will clarify opportunities and constraints associated with
both active and passive strategies for maintaining consistent flow through the north channel in
support of aquatic habitat.
The objectives of the Eagle Island North Channel Reach Assessment are the following:
1) Model hydraulic processes and geomorphic evolution of the Lewis River in the vicinity of
Eagle Island.
2) Evaluate alternatives to maintain flow and habitat function in the north channel.

Data Collection and Analyses
The following activities will provide the necessary supporting data. Where possible, we will
build off of existing analyses (e.g. Bio-Analysts 2001, Stillwater Sciences 2006 and 2009, and
InterFluve 2008). Activities will include a review of past assumptions and data sources and will
incorporate newer data.
Channel Topographic Survey

x

A series of detailed channel cross-sections in the reach will be surveyed between RM 10
and RM 13 to define channel dimensions and slope. The channel cross-sections will
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extend laterally to include key features of the floodplain and bounding alluvial terraces in
the study reach, and to provide a tie-in to the recent LiDAR digital topography. These
channel cross section surveys will provide the necessary information to develop hydraulic
and sediment transport models for the study reach. The topographic survey will combine
a ground-based approach for wadeable areas and a boat-based approach for deeper areas.
Existing survey data has been collected as part of ongoing Eagle Island restoration
activities. Existing survey data includes cross-sections and profiles of both Eagle Island
channels as well as the mainstem Lewis River upstream and downstream of Eagle Island.
These survey data will be supplemented with additional survey resolution that is needed
to perform 2D hydraulic modeling.
Hydrology and Hydraulic Modeling

x

Develop updated flow duration curves based on the USGS gage 14220500 at Ariel.
Similar information has been compiled as part of past investigations but will be updated
with recent data.

x

Develop a 2D hydraulic model to evaluate flow hydraulics between the south and north
channels of Eagle Island under current conditions, and under proposed conditions with
the potential restoration treatments. Combined with a detailed understanding of the
sediment composition of the site (see below), the hydraulic model will allow evaluation
of the ability of the north channel to route sediment under the proposed restoration
treatments.

Sediment Transport and Geomorphic Analysis

x

Surface and bulk sediment samples will be sampled throughout the site to characterize
the particle-size distribution of the riverbed, riverbank, and floodplain materials.
Combined with the hydraulic model, these data will support estimates of sediment
transport used to characterize bed and bank mobility under existing conditions and the
various restoration treatment alternatives.

x

Equilibrium sediment conditions will be characterized to determine trends in sediment
aggradation and incision. This will require an estimate of sediment supply which we
assume can be estimated without completing a detailed sediment budget for the basin.

x

Estimate sediment routing potential through both the south and north channels under
existing conditions and under each of the proposed restoration treatments based on the
results of the hydraulic model and bulk sediment characteristics.

x

Historic flooding, channel migration, and riparian vegetation conditions will be
characterized and compared to existing conditions and land-use as part of the site
evaluation.

Evaluation of Restoration Treatment Alternatives

Proposed restoration treatment alternatives will be evaluated, considering new data and guided by
stakeholder objectives. Brief descriptions of the potential restoration treatment alternatives that
may be considered are included below (more detail for Project Alternatives 2 and 3 are presented
in the Eagle Island Technical Memo 2 [InterFluve 2009]). These and possibly other alternatives
will be evaluated for their impact on maintenance of low-flow discharge and long-term channel
geometry in the north channel. Additional alternatives or combinations of proposed alternatives
will likely be developed as part of the analysis.
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Project Alternative 1: No action alternative. This alternative will be evaluated to provide a
baseline for comparison of the proposed alternatives.
Project Alternative 2: Bar apex jam(s) at the top end of Eagle Island (Site 1 in Figure 1). This
alternative involves the construction of bar apex log jam structures to maintain summer-season
flow into the north channel at locations where water spills over from the main channel to the
north channel. Structures would be designed to encourage scour (deepening) of cross-over
channels to maintain low-water conveyance. Cover and habitat complexity would also be
created.
Project Alternative 3: Add roughness to the top of the south channel (Sites 2 and 3 in Figure 1).
Install log jam structures on the right bank and left bank side-channel area. Structures at these
locations would be designed to provide roughness at the top end of the south channel,
encouraging flow into the north channel during floods; and therefore assisting in keeping the
north channel active. Cover and habitat complexity would also be created.
Project Alternative 3: Dredging at top of north channel. This alternative would entail dredging
of streambed material to ensure continued flow of water into the north channel. Dredging may
present the lowest-risk method of ensuring continued flow into the north channel, but would
likely require repeat dredging over time and may be difficult to permit.

Figure 1. Aerial photo map of Eagle Island showing the location of potential project
opportunities.
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Planning-level Cost Estimate
Note: This is a preliminary cost estimate for planning purposes. This estimate is based on
assumptions for time requirements and material quantities, using 2009 rates. Additional
information obtained during site investigations will be needed to finalize actual quantities and
costs.
Project Element
Site Topographic Survey

Cost
$35,000

Data Reduction and Analysis
Hydrology and 2D Hydraulic
Modeling
Geomorphic Analysis
Evaluation of Restoration
treatment Alternatives

$10,000
$22,000

Implementation Total

$80,000

Project Delivery
Development of final report
(15%)
Contract Administration (5%)
Project Delivery Sub-Total
Total Estimate

$6,000
$6,000

Notes and Assumptions
Includes a crew of 2 land based survey crews, and one boat based crew of 2 for 1
week of surveying. Assumes existing survey and LiDAR data can be used.
Includes analysis and data QA/QC
Assumes 2 weeks for a hydrologist / engineer. Includes development of a hydraulic
model for existing conditions, and proposed restoration treatments.
Assumes 2 weeks for a fluvial geomorphologist
Includes selection of a preferred alternative. Assumes 2 weeks for 2 engineers / fluvial
geomorphologists

Items below are calculated as a percentage of the implementation sub-total
$15,000
$5,000
$20,000
$100,000

Rounded to the nearest $1,000
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