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Water and Land Resources Division

Executive
Summary
What is this report about?
This report presents post-project monitoring
results for the Middle Boise Creek-Evans
Habitat Restoration Project. This report
covers 2013 to 2017 (Years 0-4). A final
report will be produced in 2018 (Year 5).

large wood clusters with 14 embedded logs,
and planted native trees and shrubs over
0.41 acres of riparian floodplain.

Are goals being met?
Each of seven performance standards are
being met.




Where is the project?
The site is south of Enumclaw, Washington,
in rural King County, on two acres of public
land at River Mile 2.3 of Boise Creek. It is
easily accessed from 268th Ave SE.

What was the purpose?
The purpose was to improve rearing and
refuge habitat for Chinook salmon and
steelhead trout.
Goal 1 was to increase Chinook salmon and
steelhead trout rearing and refuge habitat
under all flow regimes (by providing instream margin habitat, large wood, and
willow stakes to promote natural processes
that create channel complexity and
sinuosity) within five years of construction.
Goal 2 was to increase riparian and margin
function (by providing cover to insulate
stream temperature and increase the
biomass of native plants), while reducing
the biomass of non-native plants.

What actions were taken?
The project widened the channel by 0.63
acres along 400 linear feet, constructed four
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Edge habitat length increased 200300% and the wetted area of the
channel doubled.
The project caused minor, intermittent
increases in stream temperature, but
remained within limits.
Four to six native woody species
remained present in the planting areas
and cover ranged from approximately 30
to 100 percent.
Noxious weeds were absent and reed
canarygrass cover was reduced to less
than 30%.

Juvenile salmon were three to 21 times
more more abundant at the project site,
compared to an un-restored site
downstream. Habitat capacity increased by
approximately 150 juvenile Chinook salmon,
9,100 juvenile coho salmon.
Effects on juvenile trout could not be
determined because they were not
observed during snorkel surveys. But in
contrast with juvenile salmon, adult trout
were three times less abundant at the
project than at the un-restored site.
Accordingly, the project may have reduced
capacity for adult trout by 20 fish.

Are permit requirements met?
The project is compliant with each of four
permits, upon submission of this report.

Water and Land Resources Division

What key lessons were learned?









Containment structures (e.g., berms)
should be designed using daily
maximum flows, not mean daily flows.
Anticipate minor shifts in stagedischarge relationships as channels
adjust to widening.
Consider risks from ice-related flooding
downstream of channel widening
projects.
Consider adding more wood in spite of
concerns about excessive aggradation
in widened channels.
Establish a single, consistent, effective
point of contact with local stakeholders
and carefully document input, decisions,
and commitments.
Ensure plant availability and install highquality plants at higher densities.
Install durable livestock-rated fencing at
the project outset.

Is further action needed?
The project has produced significant habitat
improvements and juvenile salmonids have
responded very favorably. No corrective
actions are needed. However, additional
habitat capacity may be achievable by
adding more submerged and overhead
cover.
King County assured co-managers and the
U.S. Army Corps of Engineers that
additional wood would be placed if certain
conditions were met after construction.
These conditions were intended to
determine whether additional wood could be
placed without interfering with project goals.
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Given that these commitments to comanagers were made in good faith, and the
a priori conditions have been met, King
County intends to place additional wood at
the project site. In doing so, King County will
be helping to achieve salmon recovery
goals in WRIA 10 and the White River
basin.
A final recommendation is that future
projects on Boise Creek should capitalize
on the lessons learned to ensure continuous
improvement in project design.

Water and Land Resources Division

1. Project Description
The project is located on a two-acre, 600-ft long King County parcel (no. 2520069078)
southwest of the City of Enumclaw within the Enumclaw Agricultural Production District in
unincorporated King County. Boise Creek is a tributary to the White River within Watershed
Resource Inventory Area (WRIA) 10/12. The project site is at river mile (RM) 2.3. The
downstream (west) end of the project is at the 268th Avenue SE.

Project
Site

Historical Conditions
Boise Creek once exhibited a multithread channel through a forested wetland before being
diverted from its historic pathway into an excavated ditch, according to the 1877 General Land
Office (GLO) survey map. Depressions from the original channel remain visible in topographic
maps.
Pre-project Conditions
Channelization of Boise Creek degraded water quality and aquatic and riparian habitat, as
evidenced by a lack of pools, off-channel areas, forest cover, wood (Herrera, 2011). The current
channel is incised up to eight feet into floodplain and lahar deposits, though flooding still occurs
(Herrera 20111). Prior to construction, the project site included 0.86 acres of Category IV
depressional impounding wetland.

1.1.

Goals

The purpose of the project was “to improve rearing and refuge habitat in Boise Creek for
Chinook and steelhead along approximately two acres of King County-owned land within the
Enumclaw Agricultural Production District in compliance with the King County code 21A.24.381”
(Basis of Design Report, 2013).

1

Herrera Environmental Consultants, Inc., Middle Boise Creek Habitat Restoration and Flood Reduction
Feasibility Study, February 22, 2011.
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Water and Land Resources Division
The goals were to:
1. Increase Chinook and steelhead rearing and refuge habitat under all flow regimes by
providing in-stream margin habitat, large woody debris and willow stakes to promote
natural processes that create channel complexity and sinuosity within five years of
project construction; and
2. Increase riparian and margin function by providing cover to reduce stream temperature
and increase the biomass of native plants while reducing the biomass of non-native
plants (e.g. reed canary grass).
Table 1. Project goals and objectives.
Goal
Increase
rearing and
refuge habitat
Increase
riparian and
margin
function

1.2.

Objective
Excavate approximately 3,200 cy from 400 lf of left (south) bank of Boise Creek to
widen the channel at the existing channel grade of approx. 0.5% or less
Create approximately 0.63 acres of new aquatic habitat contiguous with Boise Creek
Place a minimum of 10 large wood and willow clusters in the widened channel
Enhance approximately 0.41 acres of Cat IV wetland by planting approximately 2,460
native trees, shrubs and live stakes
Control Class A Noxious weeds
Limit establishment of non-native invasive plants

Design Features

The channel was widened by re-contouring the south bank, large wood was placed in the
channel and wetlands, and willows and other native riparian plants were planted across the
project site.


Widened channel: The channel was widened by 0.63 acres by excavating 3,200 cy from
400 linear feet of left (south) bank. Stream processes were expected to create more
complex stream and wetland habitat within the widened channel. A medial bar was expected
to form in the widened channel, resulting in multiple channels. These conditions would
create rearing and refuge habitat for Chinook salmon and steelhead trout. The widened
channel was also expected to reduce water velocities, erosional forces, and bank erosion.
The widened channel could cause sediment aggradation in the reach, leading a backwater
effect that increases the water surface elevation at low flows, but becomes inconsequential
at high flows. The channel form was expected to establish within a few years, but the bed
elevation was expected to fluctuate annually (Brummer, 20132).



Large wood and willow clusters: Large wood and willow clusters were built 30-40 feet
apart in the widened channel to encourage the development of scour pools and other
diverse aquatic habitats, while simultaneously reducing streambank erosion in the reach. In

Brummer, Chris, King County, Anticipated Geomorphic Response to the Middle Boise Creek – Evans
Restoration Project, January 16, 2013.
2
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Water and Land Resources Division
each cluster, logs with attached rootwads were embedded in constructed islands, leaving
root wads exposed, and surrounded with dense willow plantings. The number and density of
clusters was designed to allow the project reach to accumulate a ‘threshold level’ of alluvial
sediments, without promoting continuous, excessive, aggradation of the widened channel.


Native plantings: Willows and other native riparian species were planted across the site to
provide shade, improve water quality, and improve habitat within the wetland. An area of
0.41 acres of depressional wetland south of the widened channel was planted to establish a
40-ft-wide riparian buffer.

2. Performance Measures
The effectiveness of the Middle Boise Creek-Evans Habitat Restoration Project was evaluated
by comparing observed results with performance measures. Performance measures were
generated either by environmental permit conditions or by the design team, in consultation with
the U.S. Army Corps of Engineers and habitat biologists from the Muckleshoot Indian Tribe and
Puyallup Indian Tribe. If the project is meeting performance standards, it is assumed to be
meeting the project goals and objectives.
Table 2. Permit conditions, reporting, and methods.
Agency

Permit

Conditions

Report
Years

Reporting Requirements

USDepartment of
the Army Corps of
Engineers (ACOE)

NWS-2013467,
Condition e.

2014
2015
2016
2017
2018

Monitoring reports must be
submitted to the U.S. Army Corps
of Engineers, Seattle District,
Regulatory Branch by December
31st of each monitoring year. All
reports must prominently display
the reference number NWS-2013467.

King County (KC)
Department of
Permitting and
Environmental
Review (DPER)

Grading
Permit
GRDE130044,
Condition 11
Shoreline
Exemption
#SHOR130015
Conditions 1112
Hydraulic
Project
Approval
(HPA),
#130324-1,
Provision 8
n/a

In order to meet the requirements of
Nationwide Permit 27 Regional
Condition 1, you shall implement and
abide by the monitoring maintenance
plan “Middle Boise Creek-Evans
Restoration Project Monitoring and
Maintenance Plan” dated June 26,
2013. Annual monitoring shall be
performed for five years.
The project shall be monitored for five
years.

2014
2016
2018

Monitoring reports will be submitted
in alternate years (2014, 2016 and
2018).

Same as HPA and NWS-2013-467

2014
2015
2016
2017
2018

Same as HPA and NWS-2013-467

Plantings shall be maintained as
necessary for three or more years to
ensure 80 percent or greater initial
survival of each species or a
contingency species approved by the
AHB.
Monitoring reports shall be provided
to KC DPER annually by December
31 for five years following acceptance
of the as-built drawings.

None

None

Washington State
Department of Fish
and Wildlife
(WDFW)

KC Department of
Natural Resources
and Parks’ (DNRP)
Natural Lands
Section
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Monitoring reports will be submitted
in alternate years (2014, 2016 and
2018) along with that required by
permitting agencies.

Water and Land Resources Division

Figure 1. Record drawing of the Middle Boise Creek-Evans Habitat Restoration Project.
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Water and Land Resources Division
Goal 1. Increase Chinook and steelhead rearing and refuge habitat under all flow regimes
by providing in-stream margin habitat, large woody debris and willow stakes to promote
natural processes that create channel complexity and sinuosity within five years of
project construction.
Achievement of Goal 1 was measured using edge habitat length, wetted channel area, and
changes in stream temperature.
Performance Standard for Edge
Habitat Length
By Year 5, the amount of edge habitat
length in the project site will increase
by approximately 50% increase over
existing during salmonid rearing
window.

Documentation
Measurements of edge habitat lengths during flow
levels that represent typical flow conditions during the
spring rearing window (e.g., 50% exceedance flow for
Jan-July) and optionally, at a higher flow level to
measure refugia.

Protocol for Measuring Edge Habitat Length
The wetted perimeter of the channel was mapped with a GPS and from orthoimagery. When
feasible, maps were created at rearing flows (e.g., 50% exceedance flow for January through
July), based on the real-time discharge at the USGS gauge at Boise Creek. The wetted margins
were summed to estimate total edge length at the project site, relative to baseline.
Performance Standard for Wetted
Area
By Year, 5, the wetted area in the
project site will increase by
approximately 50% increase over
existing during salmonid rearing
window.

Documentation
Maps of wetted channel area during flow levels that
represent typical flow conditions during the spring
rearing window (e.g., 50% exceedance flow for JanJuly) and optionally, at a higher flow level to measure
refugia.

Protocol for Measuring Wetted Area
The edge habitat surveys were used to create a polygon that characterizes the total wetted
channel area.
Performance Standard for Water Temperature
In Years 1 and 2, stream temperature at the downstream
end of the project site does not exceed the 7-day annual
daily maximum for moderately acclimated adult and
juvenile salmonids of 22°C, unless water temperature of
streamflow entering the site already exceeds that
standard.
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Documentation
Measurements of stream
temperatures at the upstream and
downstrea ends of the project
reach (June-Sept) in 2014 and
2015.

Water and Land Resources Division
Protocol for Measuring Water Temperature
Data loggers were installed at each end of the project site to measure water temperatures at 15minute intervals. Measurements were used to calculate the 7-day average daily maximum
temperature (7DAD Max) at each location and quantify changes in temperature across the site.
Goal 2. Increase riparian and margin function by providing cover to reduce stream
temperature and increase the biomass of native plants while reducing the biomass of
non-native plants.
Performance Standard for Native Plant Diversity
In Years 1-5, at least three woody native plant species are present in
each planting area and each of these species exceeds 5% cover.

Documentation
Plots and qualitative
surveys

Protocol for Measuring Native Plant Diversity
For qualitative surveys, the site was inspected to determine whether at least three native plant
species were present in each planting area (Gondinez-Alvares et al. 2009 ), and approximate
cover was noted.
Performance Standard for Woody Native
Plant Cover
Total cover of woody native vegetation
exceeds 5% in the planted area in Year 1,
30% in Year 3, and 50% in Year 5 (excluding
existing vegetation).

Documentation
Plots and qualitative surveys. Quantitative
surveys in Years 1, 3, and 5 (2014, 2016, and
2018). Qualitative surveys in Years 2 and 4
(2015 and 2017).

Protocol for Measuring Woody Native Plant Cover
For qualitative surveys in Year 2, woody native plant cover was evaluated by thoroughly
inspecting each planting areas at the project site and establishing photo points in each one. The
percent cover by native woody plant cover was visually estimated within each planting zone.
Quantitative surveys of new cover (excluding existing vegetation) were conducted in three
replicated 2.5 m x 10 m plots in each planting area: riparian wetland, upland, willow
stakes/fascines, and wetland bench. Methods followed a subset of the “Forest Vegetation
Monitoring Protocol for National Parks in the North Coast and Cascades Network3”. Data was
recorded on Form Templates 14.3 and 14.4.
The following protocols were used (more details and additional optional measures specified in
SOP 14 in Woodward et al. 2009):

3

Woodward, Andrea., K.M. Hutten, J.R., Boetsch, S.A. Acker, R.M. Rochefort, M.M. Bivin, and L.L. Kurth.
2009. Forest Vegetation Monitoring Protocol for National Parks in the North Coast and Cascades
Network: U.S. Geological Survey Techniques and Methods 2-A8, 228 p.
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PLOTS: Established at randomized locations in each stratum. In each plot, the following
was recorded:
o Percent cover by shrubs (including willow), by species
o Percent cover by tree saplings (2.5-12.6 cm dbh), by species
o Presence/absence of small trees (<2.5 cm dbh, any height)



QUADRATS: Two quadrats (1 m x 1 m) were established in opposite corners of each
plots4 and the following was recorded:
o Percent invasive plant cover
 reed canarygrass, evergreen blackberry, English ivy, Scotch broom, etc.
o Seedling count (trees <2.5 cm dbh and >15 cm tall, rooted in quadrat)

Percent cover was defined as “the proportion of the ground covered by a vertically-projected
polygon as defined by lines drawn between the outer tips of live foliage on each plant (or foliage
that was alive during the current growing season for senescing plants)” (p. 113, Woodward et al.
2009).
Performance Standard for Noxious Weeds
In Years 1 through 5, aggressive noxious weeds (i.e., Class A Noxious
Weeds, non-native knotweeds5, and bindweed6, etc.) are absent from the
entire restoration site.

Documentation
Site inspections.

Protocol for Measuring Noxious Weeds
For qualitative surveys, the entire site was inspected to detect and identify any noxious weeds
(i.e., Class A Noxious Weeds, aggressive non-native knotweeds, and bindweed). If detected,
they were flagged for removal and re-inspection.
Performance Standard for Non-native Plant Cover
In Years 1 through 5, reed canarygrass cover is <80%; or it is at
sufficiently low levels to allow woody native plants to survive and grow,
whichever level is lower, AND, <10% other non-native invasive plants
(e.g.,Himalayan blackberry, etc)

Documentation
Plots and/or
qualitative surveys.

Protocol for Measuring Non-native Plant Cover
Refer to “Protocols for Measuring Woody Native Plant Cover”.

More if necessary – or alternatively, use a visual assessment of reed canarygrass cover at the larger
plot size.
5 Giant Polygonum cachalinense; Japanese Polygonum Cuspidatum; Bohemian Polygonum x
bohemicum; Himalayan Polygonum polystachum, etc.
6 Convolvulus arvensis, Convolvulus sepium, etc.
4
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3. Year Three & Four Results
This section summarizes progress toward self-imposed performance standards and compliance
with permit conditions.
Table 3. Compliance with permit conditions, reporting, and methodology.
Permit
USACE NWS-2013-467
KC DPER GRDE-13-0044
Shoreline exemption #SHOR13-0015
WDFW HPA #130324-1

Year 3 & 4 Results
Compliant upon submission of this report
Compliant
Compliant
Compliant

Goal 1. Increase Chinook and steelhead rearing and refuge habitat under all flow regimes
by providing in-stream margin habitat, large woody debris and willow stakes to promote
natural processes that create channel complexity and sinuosity within five years of
project construction.
The widened channel has allowed for dynamic habitat-forming processes including, sediment
deposition and bar formation, resulting in increased edge habitat. Juvenile salmonids are
abundant. The stream is intermittently warming as water passes through the site, but the
changes are small and within pre-defined limits.
Performance Standard for Edge Habitat
Length
By Year 5, the amount of edge habitat length
in the project site will increase by
approximately 50% increase over existing
during salmonid rearing window (i.e., from
approximately 735 lf to 1,100 lf).

Results
Target met. Edge length in 2016 was 3,037
linear feet (at 15 cfs), which represents a 313%
increase over existing. Edge length in 2017
was approximately 2,050 linear feet (at 70 cfs),
a 178% increase.

Edge length greatly increased after project construction, promoted by channel widening,
sediment deposition, and constructed forested islands with embedded wood (Figure 2). Preproject edge length was approximately 735 feet (224 meters), compared to 3,037 linear feet on
April 18, 2016 (at 15 cfs7; USGS 12099600; Figure 2). This estimate was typical for June, and
approximates the maximum value for edge length during the rearing window.
In 2017, edge length was mapped from high-resolution orthoimagery taken in 20178. Edge
length in 2017 was approximately 2,050 linear feet (at 70 cfs), a 178% increase. At that

7

The median daily flow for the juvenile salmonid rearing window ranges from a maximum of 50 cfs (in
January) to a low of 14 cfs (in June). A survey at 15 cfs is within but on the low end of the range of
median flows for rearing.
8 The ConnectEXPLORER program is a web-based imagery access and analysis software available to by
King County. Every pixel in the imagery is georeferenced and viewable from four directions, and in
orthoimagery format. Measurement accuracy is reported by the vendor and was deemed suitable for the
purpose of comparing changes in habitat availability.
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relatively high discharge, most of the bar forms that contributed to increased wetted edge were
submerged, so edge length wsa lower than when measured at 15 cfs.

Figure 2. Post-project patterns of scour and deposition at the project site from 2013 to
2015 within the widened channel (original channel is excluded). Blue line indicates main
axis of flow. Black lines indicate edge habitat in 2016.

Figure 3. Topobathymetric surface of the project site in 2016.
Performance Standard for Wetted Area
By Year 5, the wetted area in the project site will increase by
approximately 50% increase over existing during salmonid
rearing window (i.e., from 6,100 ft2 to 9,150 ft2).
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Results
Target met. Wetted area is
increased by approximately
200% or more.

Water and Land Resources Division
Pre-project wetted channel area in the 470-ft project reach of interest was approximately 6,100
ft2. Wetted channel area was mapped with a GPS in the field on April 18, 2016, revealing that
wetted channel area was 19,900 ft2 at 15 cfs. Therefore, the project increased wetted channel
area by approximately 13,800 ft2 or 226% at this flow level.
In 2017 (May 19th), wetted channel area was approximately 25,000 ft2; 310% more than before
the project. However, discharge was 70 cfs, which was much higher than the 2016 survey. The
presence of more water was the main reason the wetted area was larger in 2017 than in 2016.

Figure 4. Map of post-project edge habitat length and wetted channel area based on field
surveys completed on April 18, 2016 at 15 cfs.
Performance Standard for Water Temperature
In Years 1 and 2, stream temperature at the downstream end of
the project site does not exceed the 7-DAD Max for moderately
acclimated adult and juvenile salmonids of 22°C, unless water
temperature of streamflow entering the site already exceeds
that standard.
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Results
Target met. Neither the
incoming or the outgoing
temperature at the project
site exceeded the limit.

Water and Land Resources Division
The 7-day average daily maximum temperature (7DADMax) of water entering the project reach
varied from 17.2 to 20.9 across years of observation (Figure 5). Water leaving the project was
the same temperature or slightly warmer, with the 7DADMax ranging from 18.1 to 21.4.
In the first year of observation (Year 0 or 2013) immediately after construction, the change in the
temperature statistic was 1.2 degrees Celsius. In Year 1, there was no change. In Year 2,
during an extremely dry and hot summer, the outgoing temperature was 0.5 degrees warmer. In
sum, the project initially warmed the stream, but the effect was short-lived, diminished over time,
and never reached a lethal limit.

Minor warming effect
7-day average daily maximum stream temperature, C˚
Entering site

2013

Leaving site

Lethal limit for salmonids

2014

23
22
21
20
19
18
17
16
15
2015

Figure 5

Goal 2. Increase riparian and margin function by providing cover to reduce stream
temperature and increase the biomass of native plants while reducing the biomass of
non-native plants.
Performance Standard for Native Plant Diversity
In Years 1-5, at least three woody native plant species are present in each planting
area and each of these species exceeds 5% cover.

Results
Target
met

In monitoring years 1-4, at least three woody native plant species have been present in each
plant area (Figure 6).
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High diversity
Woody native plant species by planting area, ± 95% confidence intervals
2015

2016

Target

10
9
8
7
6
5
4
3
2
1
0
Riparian
wetland

Willow
staking

Wetland
bench

Upland

Figure 6

Performance Standard for Woody Native Plant Cover
Total aerial cover of woody native vegetation exceeds 5% in the planted area in
Year 1, 30% in Year 3 (2016), and 50% in Year 5 (2018) (excluding existing
vegetation).

Results
Target
met

All planting areas met the Year 3 cover target, and three of four have met the Year 5 target of
50% ahead of schedule (Figure 7). Supplemental plantings were necessary to reach these
targets. Cover in the upland was highly variable.
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Riparian recovery
Canopy cover by planting area, percent, ± 95% confidence intervals
2015

2016

2018 target

100
90
80
70
60
50
40
30
20
10
0
Riparian
wetland

Willow
staking

Wetland
bench

Upland

Figure 7

Performance Standard for Noxious Weeds
Results
In Years 1 through 5, aggressive noxious weeds (i.e., Class A Noxious Weeds, non- Target
native knotweeds9, and bindweed10, etc.) are absent from the entire restoration site. met.
Aggressive noxious weeds are absent from the entire restoration site. Weed control is ongoing.

Performance Standard for Non-native Plant Cover
In Years 1 through 5, reed canarygrass cover is <80%; or it is at
sufficiently low levels to allow woody native plants to survive and grow,
whichever level is lower, AND, <10% other non-native invasive plants
(e.g.,Himalayan blackberry, etc)
9

Results
Target partially met.
Three of four areas
are compliant.

Giant Polygonum cachalinense; Japanese Polygonum Cuspidatum; Bohemian Polygonum x
bohemicum; Himalayan Polygonum polystachum, etc.
10 Convolvulus arvensis, Convolvulus sepium, etc.
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In 2015, the reed canarygrass target was met in three of four planting areas (Figure 8). But in
the upland area, reed canarygrass averaged 72%, and the confidence intervals included 100%.
Reed canarygrass was treated so that in 2016 the average amount of reed canagrass cover in
the upland declined to 42%, and the confidence intervals no longer surpassed the 80% limit.
Treatment was also effective in the willows.

Effective weed control
Reed canarygrass cover by planting area, ± 95% confidence intervals
2015

2016

Max allowable
100
90
80
70
60
50
40
30
20
10
0

Riparian
wetland

Willow
staking

Wetland
bench

Upland

Figure 8

4. Discussion
4.1.

Are the project goals being met?

The project has successfully increased Chinook and steelhead habitat by providing in-stream
edge habitat and by promoting natural processes that create channel complexity and sinuosity.
Significant gravel deposits in the first breach of the widened channel forced most flow to pass
through the second breach. The site is used extensively by juvenile salmon, which are strongly
associated with large wood during early rearing (e.g., April). Relatively little of the placed wood
is available for use as cover during this time since most of the wood is buried. Habitat capacity
could probably be enhanced by adding more large wood for submerged and overhead cover.
17

Water and Land Resources Division
The project has also increased riparian and margin function by providing cover, increased the
biomass of native plants, and effectively controlled invasive weeds. However, the project
appears to have intermittently caused minor increases in in stream temperature, as evidenced
by an increase in the 7-day average daily maximum temperature in 2013 and 2015. The
warming effect was very small (0.5 C˚) in 2015, which was close to a ‘worst-case’ scenario
under present climate conditions.

4.2.

How have juvenile salmon and trout responded to the project?

Salmon and trout have responded well to the project, based on underwater video and snorkel
surveys (Figure 9).
Underwater video surveys of fish use were done in 2014 (February 28th; April 15; May 21st;
June 26th; October 7th). Juvenile salmonids were abundant beginning in April. The majority
were coho and pink salmon, but rainbow trout were also present. In April and May, juvenile
salmonids were associated with the four constructed large wood clusters. In October, salmonids
were larger and more widely dispersed.
Night-time snorkel counts on May 8, 201711, found that coho were the most abundant salmonid
(Figure 9). Coho density was 21 times greater at the project site than at a nearby control site. At
both sites, 75-80% of the coho were less than 50mm long. Similarly, juvenile Chinook salmon
were three times more numerous at the project site. In contrast, trout density, which was very
low, was three times higher at the control reach than at the project site. Trout were mostly in the
100-200 mm length class.

4.3.

Contributions to watershed-scale restoration efforts (by 2017)?

Habitat capacity for salmon and trout12:




Increased capacity for juvenile Chinook salmon by 150 fish
Increased capacity for juvenile coho by 9,100 fish
Decreased capacity for Age 1+ trout by 20 fish

Edge habitat:
Wetted area:
Riparian vegetation:
Large wood:

11

Increased by >700 linear feet
Increased by >14,000 square feet
Increased by 37,000 square feet (0.85 acres)
Increased by 14 logs with rootwads

Not a pink salmon year, so no pink salmon juveniles would be observed. However, video showed
abundant pink salmon in the spring of even-numbered years.
12 Estimated as the product of observed fish by species of all length classes per unit reach length, using
control reach values to represent pre-project conditions. Also assumes juvenile salmonid abundance was
at capacity at the time of the 2017 survey.
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More salmon at the project site, but not trout
Coho salmon, fish per meter

Chinook salmon, fish per meter
Control site

Project site
1.8

Control site

1.6
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Adult trout (Age 1+), fish per meter
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Figure 9

4.4.

What lessons were learned?

Lessons learned from the Middle-Boise Evans Restoration project can be grouped into several
categories. This list of lessons learned is preliminary in that more lessons and perspectives may
be gained by another year of continued monitoring.
Public Outreach Issues: Neighbors were upset by miscommunications or misunderstandings
about project-related flood benefits. Agriculture and drainage issues are of primary interest to
local residents so any project effect on drainage needs to be carefully and consistently
explained in outreach efforts. Also, the former property owner/adjacent property owner
requested the onset of the project that no thorny native vegetation be used. In spite of that
request, black hawthorn was initially planted, upsetting the neighbor, then removed to respect
the earlier pledge to avoid thorny plants.


Lesson: Establish a single, consistent point of contact with local stakeholders,
document their requests, and follow through with commitments. If they can’t be kept,
keep stakeholders informed.

Fencing Issues: The fence installed by the project was short-lived, inadequate, and an eyesore
for the neighbors. The project installed an elk exclusion fence along the property boundary and
a solar-powered electric fence to exclude livestock. The charging unit for the electric fence
quickly malfunctioned and livestock began damaging the elk fence. The fence had been made
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of re-used welded-wire mesh and t-posts, and was easily damaged by cows. To reduce chronic
maintenance costs, the fence is being replaced in 2018 with a woven-wire, wood post, barbed
wire livestock fence at a substantial cost.


Lesson: Where fences are needed, conform to NRCS standards and built a sturdy
fence that is mutually acceptable to neighbors.

Isolation system issues: The berm-based isolation system used to keep water from entering
the widened channel during summer low-flow conditions failed to do so.
One factor was a mistake during construction. Plans called for an 8-inch berm of undisturbed
soil to be left between the existing and new channel, but at the upstream end, the contractor
failed to leave a berm intact. Upon discovery of their mistake, the contractor backfilled to create
the berm, but it was not compacted and subsequently eroded.
Another factor was that the berm height was designed to exclude average daily flows, but not
daily maximum flows. Consequently, there was a good chance that, during higher-than-average
flows, fish would be washed into the isolation area, become trapped, and possibly die.
Indeed, the berms started failing and overtopping in late summer, causing a few pulses of warm
water to leave the site in 2013 (August 30th; September 3rd and 8th). These pulses elevated
stream temperature downstream of the site by as much as 2.7˚ C.


Lesson: Use a probability-based assessment of daily maximum (not average) flows to
design the elevation of any containment structures. Ensure contractors follow plans.

Gravel issues: Less gravel was naturally delivered to the site by the creek that was hoped for.
As a result, with the exception of the easternmost (upstream) end of the site, there is less gravel
in the widened channel than was expected.


Lesson: The design could have potentially been improved by overexcavating the
channel and adding streambed gravels throughout the widened channel.

Large wood issues: Co-managers wanted to see more large wood placed at the site, but the
project team did not increase wood loading owing to concerns that it would cause excessive
sedimentation and reduce fish habitat benefits. Conditions in 2018, at the time of this writing,
suggest that more wood could now be added without reducing project performance.


Lesson: An adaptive management project is being undertaken in 2018 to add more
large wood to the project, to enhance the quality of fish habitat at the site.

Planting issues: Supplemental plantings were needed to reach cover targets and to establish
dense willow cover on the south banks.
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Lesson: Plant willow stakes at higher densities, use larger and taller stock material, and
install shrubs and trees at higher densities in the uplands.

Water and Land Resources Division
Ice issues: Time-lapse photography revealed that the widened channel was prone to ice cover
during the winter. When this happens, the risk of ice-related flooding, even in the absence of
large storm events, is increased


Lesson: Consider the possibility of ice-related flooding when designing widened channel
projects, with respect to both design and risk analysis.

Stage-discharge issues: Stage-discharge relationships shifted in Year 3 (WY 2016) (Figure
10), though no obvious shift was observed at higher flows (>100 cfs at 69B)13. Specifically,
stage levels in water years (WY) 2016-2018 were 0.3-0.9 feet higher for a given discharge than
in WY 2014-2015. We speculate that the shift resulted from accumulation of wood in the
channel near the MB-MW1 well, and to channel adjustments and increased roughness from
vegetation.

Upward shift in stage in Year 3
Hourly water surface elevation, ft, at King County well MB-MW1 vs. hourly discharge, cfs, at King
County stream gauge 69B, by water year (WY)
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Pre-project elevations are not available, so we can’t explain how the project has changed water levels
relative to pre-project conditions.
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Figure 1014


Lesson: Anticipate minor increases in stage-discharge at low to moderate flows (<1.25yr recurrence interval) for future channel-widening projects in Boise Creek.

Appendix A. Assessment of whether more large wood should be
added to the site.
The Design Report stated that the design criteria for the four log clusters was to ‘promote both
scour and deposition around the wood clusters, coupled with multi-thread channels throughout
the wet season – until a threshold level of sediment is reached” (p. 9). The report proposes five
factors to consider when determining whether more wood should be added after Year 3.
1. The 5-year flood (580 cfs) or other notable bed-mobilizing event has occurred by Year 3.
o Status: Met.
Recurrence
Interval

Discharge
(cfs)

1.25
2
5
10
20

235
364
579
746
924

Number of times daily
max flow exceeds
specified discharge at
USGS gauge (10-1-2013 to
12-31-2017)
50
24
6
3
0

2. The installed large wood clusters have promoted concentrated sediment aggradation
while allowing lower bed elevation in multiple (secondary) channels to develop around
them.
o Status: Condition met. Each of the four wood structures is associated with a
discrete sediment bar and have adjacent continuous low-flow channels at 14 cfs,
which represents the low end of flows during the rearing period.
3. The WLRD design staff (with consensus from appropriate representatives from the
Tribes and WDFW) believes additional wood would promote added channel complexity
and rearing and refuge habitat.
o Status: Condition Met. Co-managers believe additional wood is likely to
enhance fish habitat.
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Several data gaps occurred in the water level measurements, across a range of flows, so this record
incomplete. Wells were not downloaded frequently enough, and so some historic data was overwritten.
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