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The Clearwater School/Commons Project on North Creek was constructed in 2011 after years of
increasing landowner support and participation, early vegetation management, securing grant funding
from multiple sources and establishment of Conservation Easements. This project was implemented
along 1500 lineal feet of North Creek as part of Snohomish County’s commitment to salmon recovery in
WRIA 8. The total project cost to complete the project was $565,556, from the Salmon Recovery
Funding Board (SRFB) and Puget Sound Acquisition and Restoration (PSAR) grant programs, National Fish
and Wildlife Foundation (NFWF) and local matching funds.
Type of Project:
Overall Project Goals:

Habitat Restoration
1.) Control erosion near previously filled floodplain and limit erosion
near built structures.
2.) Add large woody debris (LWD) for habitat enhancement.
3.) Enhance pool habitat quantity and quality.
4.) Construct and enhance side channels.
5.) Re-habilitate the stream buffer with native vegetation.

Project components:

Installed 141 pieces LWD in 27 locations; Installed seven reinforced
riffles for grade control; Removed one footbridge and supports;
Excavated two side channels; Planted 2 acres of stream buffer.

Table. Comparison of specific project goals pre-construction to current.
Project Goal
Vegetation
Site
Preparation

Pre-construction condition
2 acres Himalayan blackberry
& knotweed; only 8 conifer
trees.

Control
Erosion

60’ eroding stream bank

Treatment condition
For 3 growing seasons: Blackberry - 1 acre mowed &
grubbed; Knotweed 1.0 acre – 1st year stem
injection, 2nd – 4th foliar applications; Reed canary
grass 0.5 acre mowed, plastic sheet mulch for two
years.
No new erosion

Add woody
debris
Enhance
habitat
Enhance pool
habitat

Enhance side
channels
Improve
stream buffer

106 pieces/km
3.8% cover over pools
16 pools; 53.6% pool area; 32
pools/km; 0.5 m avg. residual
pool depth; one woodformed pool (6% of all pools).
No side channels
2 ac. Himalayan blackberry &
knotweed; 8 conifer trees >
0.55 m diameter.

264 pieces/km. LWD meets or exceeds habitat
performance criteria; ≈80% stability or retention
Fish concealment cover (19%) over pools nearly
meets habitat performance target (20%).
16 pools; 31% pool area, 26.4 pools/km; 0.46 m avg.
residual pool depth; 44% of pools formed or
assisted by placed LWD. Side channels contain 5
pools.
Two side channels total 107 meters length; 216 m2
habitat area.
Planted 2 acres - >1000 trees (65% conifers), >6000
shrubs, live stakes, herbaceous plants, 40 lbs. of
native grass seed. 40 cu yds. wood mulch,
protection and follow up invasive controls. 1st
growing season survival rate: 97% (Aug 1, 2012).

Monitoring staff observations and recommendations:
The constructed side channels are performing very well, with new pool habitats, good flow interaction
with placed LWD, good fish cover, improved riparian vegetation, and channel adjustments forming point
bars, gravel storage, and pool-riffle sequences.
It’s possible that the main channel will avulse into the right bank side channel, however, the placed
LWD, newly recruited wood, and inlet constriction at the upper apex jam site will limit avulsion
potential.
The apex jams are engineered and built overly-large for this channel size, particularly the height of the
jams above the bankfull elevation, which is rarely wetted. Channel-appropriate LWD design and
construction is desired for cost and construction efficiency.
Placement of channel turning wads and sill logs was effective at creating backwater, plunge pools, and
controlling stream grade in locations prone to channel incision. In locations that were not prone to
channel incision, sill logs retained sediment and widened the channel. However, there are locations that
demonstrate new channel incision and bed degradation that isolate LWD placed at higher elevations.
Two Meander Jam structures implemented to limit bank erosion and create cover were very successful.
Overall, structures designed and constructed with multiple pieces of LWD appeared to perform better
than individually placed rootwads. However, some rootwads have filled in with sediment and overgrown
with bank vegetation where no opposite streambank rootwads or resistance was present to constrain
the thalweg adjustment.
Channel thalweg or cross sectional changes are not reported. These will be evaluated in the future and
may help to determine why pool habitat decreased.
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1 Introduction
This report provides an update on the Clearwater School and Commons salmon habitat restoration
project. Included is an overview of the project goals and objectives, initial outcomes, and the status of
the project on North Creek five years after construction. Data from 2009 (pre-construction), 2011 (asbuilt condition), 2012 (post-construction), and 2015/2016 were used to evaluate whether the project
objectives are being met.

1.1 Project Background
The Clearwater School and Clearwater Commons LLC are privately-owned and together span 196th St. SE
in North Creek between 208th St SE (Thrashers Corner) and 164th St SE (City of Mill Creek) in
unincorporated Snohomish County (Figure 1). The historical loss of natural and mature riparian forest,
loss of woody debris, streambank armoring, bridge construction, and invasive non-native plants
(especially knotweed) have degraded stream conditions over past decades. Habitat surveys
implemented in 1999 and 2001 found poor stream habitat complexity due to the low pool
quantity/quality and low levels of large woody debris (Fevold et al. 2001, Snohomish County 2002).
Snohomish County Public Works Surface Water Management (SWM) partnered with the Clearwater
School and Clearwater Commons to implement a project to restore stream habitat for ESA-listed
Chinook salmon, as well as coho and sockeye salmon. This project was proposed in the 2005 WRIA 8
Salmon Recovery Plan and was included on the WRIA 8 priority “3-Year List”. This work also builds on
other successful habitat restoration within the North Creek sub basin implemented by Snohomish
County, including restoration along a section of North Creek downstream of this site at Twin Creeks.
The project was largely grant-funded through the Washington State Salmon Recovery Funding Board
(SRFB), Puget Sound Acquisition and Restoration (PSAR) program, and National Fish and Wildlife
Foundation. In addition, SWM utility service charges were used as grant matching funds. The Clearwater
School and Commons LLC donated conservation easements.
Project construction along 1500 lineal feet (0.28 mile) of North Creek began in 2011. The primary
constructed elements are listed in Table 1. However, engaging local residents and students in the
restoration project and in ongoing project stewardship was also an important objective. This site has
been included in curriculum at the University of Washington.

1.2 Project Elements
Table 1 summarizes the project elements and activities. More information can found in the Clearwater
School Monitoring Plan (Leonetti & Moore 2013).
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Table 1. Project elements and short description. More information can be found in the Clearwater School Monitoring Plan.

Project Elements
Conservation easement
Footbridge removal and riprap

Stabilize eroding streambanks (as needed)

Install LWD
Construct reinforced riffles
Enhance/create side channel habitat

Invasive species vegetation control
Plant native trees and shrubs

Description
Two conservation easements, totaling 3.03 acres
were separately recorded in 2011.
Footbridge #1 and wooden amphitheater on right
bank were removed. Some riprap redistributed
away from the bridge support.
Eroding fill on the left bank, downstream from
Footbridge #2 was removed, slope was laid back,
and 15.4 m long meander jam was constructed.
141 pieces of LWD was placed and anchored in
27 discrete locations.
Seven reinforced riffles were constructed, two of
which were constructed in the side channels.
Two side channels were excavated at Clearwater
Commons (67 meters and 40 meters in length).
One higher elevation overflow channel was
constructed at the Clearwater School site (74
meters).
Weed control for bohemian knotweed and
Himalayan blackberry began in 2008.
1,177 trees planted and 6223 shrubs were
planted in between the Commons and School
sites.

1.3 Monitoring Questions
A number of monitoring questions were developed prior to project construction and are outlined in the
project stewardship/monitoring plan (Leonetti & Moore 2013). These questions mostly focused on the
salmon rearing habitat objectives of the project and covered Large Woody Debris (LWD) and riparian
buffer changes over time, and the effectiveness of various treatments.
It should be noted that this monitoring report does not address all of the monitoring questions that are
described in the project monitoring plan. Some questions are no longer applicable due to data
constraints while others were intended to be discussed in the 10 year monitoring report. Alternatively,
other questions that were not highlighted in the original monitoring plan are addressed in this plan,
including the outcomes of treatment types and designs chosen for this project. The primary monitoring
questions in this report include:



Have the LWD treatments accumulated wood from North Creek and is the LWD stable?
Does LWD placement create new pool scour formation?
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Do LWD-formed pools increase total pool area in the treatment area?
Do LWD-formed pools create greater fish cover (m2)?
Do LWD treatments split stream flow to effectively maintain or increase side channel length
and/or wetted area in the summer?
Have treatments decreased riprap and increased channel instability?
Have the project treatments been effective and were they designed well?

1.4 Project Monitoring
Project monitoring reported in this document focused on four primary data types: habitat units, large
woody debris (LWD), benthic invertebrates, and photo points. Treatment types, or restoration
techniques were also evaluated for their overall effectiveness at enhancing habitat and improving
functions at the project site. The following section provides a brief overview of how each data type was
collected. More detailed information on monitoring can be found in various other monitoring protocol
documents and reports referenced in this section. A map of the Clearwater School project can found in
Figure 1.

a. Habitat Data
Habitat data were collected in all years between the same upstream and downstream project boundary
locations using Snohomish County’s wadeable stream inventory methodology (Rustay et al. 2008). This
approach documents:
 Location of individual habitat units (pools, riffles, and glides);
 Length and average width of each habitat unit;
 Dominant substrate size category of each habitat unit (sand, small gravel, large gravel, small
cobble, large cobble boulder);
 Pool-forming factor (natural wood, free form, riprap, artificial structure, beaver);
 Pool maximum depth and tailout depth;
 Habitat unit dominant cover type (vegetation, LWD, bank, rock, other) and cover area category
(0, 1-10, 11-40, 41-75, >75% areal cover).

b. Large Woody Debris (LWD)
Methods based on the 2008 wadeable stream survey protocol for LWD were used to inventory all wood
within the project area meeting minimum size criteria, ≥2 meters (m) length and ≥10 cm diameter
(Rustay et al. 2008). Additional data related to piece placement, anchoring, and categorical LWD
functions were also collected for each piece of wood. Categorical LWD functions were pool scour, overwater/in-water cover, bank stability/protection, and sediment storage. For each piece of wood, a count
of 0-4 functions was possible.
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c. Benthic Index of Biotic Integrity (B-IBI)
Benthic Index of Biotic Integrity (B-IBI) data were collected as part of monitoring this project. However,
historic benthic invertebrate sampling had already been accomplished at the project site as well as from
other North Creek sites, so this evaluation of project conditions was more broadly interpreted relative to
other sub basin scores. Scores were analyzed to determine whether the project has deviated from other
similar sites in North Creek.

d. Treatment Effectiveness
An implicit question for this project is whether the LWD treatment designs were appropriate and
effective. Survey data collected at the site were used to evaluate whether wood treatment types such as
placed apex jams, meander jams and rootwads, and wood sills were stable, maintain their functionality,
and enhance habitat in the project area.

e. Photo Points
Photos were taken from approximately 36 locations to highlight various views of project elements.
Photo locations included mid-channel, near individual treatments, at overall vantage points, and
upstream and downstream of the project location. Photos include as much of the channel, banks, LWD
treatments and vegetation as possible.

f. Vegetation
Vegetation monitoring was conducted in accordance with the County’s Vegetation Monitoring Manual
(Moore et al. 2003). County staff established 16 transects from the water surface of the western bank to
the upland zone of the corridor. Data collection included plant survival, growth, cover over time, and
control and cover of invasive species.

1.5 Monitoring Schedule
A before-after monitoring scheme was used to allow the comparison of pre-project site conditions to
conditions after the project was complete. A three-year pre-project monitoring phase began in 2008 to
evaluate the conditions of the vegetation, habitat, and geomorphic processes prior to construction.
Construction was completed in 2011, which began the ten-year post-project monitoring phase. Table 2
shows the project monitoring that has occurred.
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Figure 1. Map of Clearwater School project area, including constructed side channels and long term Snohomish County B-IBI
sampling locations. The upstream and downstream ends of the project are marked by the red points.
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Table 2. Schedule of project monitoring. Shaded area represents past years; *Year 2021 represents 10 years following construction, though some monitoring and maintenance
will likely occur between 2016 and 2021.

Calendar Year
Project Year
Vegetation
Channel Form
Habitat/LWD
Photo Logs
Reporting
Benthic
Invertebrates (B-IBI)

2005

2006

X
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2007

2008
Pre
X

X

2009
Pre
X
X
X
X

X

2010
Pre
X

X

2011
0
X
X
X
X

2012
1
X
X
X

X

2015
4
X

2016
5
X
X
X
X
X

2021
10
X
X
X
X

2023*
12*

X
X

X
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2 Monitoring Results and Discussion
The following section describes monitoring results from the first five years of the Clearwater School
Project, and includes data from 2009 (pre-construction), 2011 (immediately post-construction), 2012
(post-construction), and 2016 (5 years after construction), and includes discussion on whether each
objective has been met and general observations.
To understand changes at the project site, flow data from 196th St SE were evaluated (Figure 2). Data
from April 2001 to May 2015 (the gauge was removed after 2015) show several significant flood events.
Flood events occurred in December 2012, March 2014, and December 2014 and had mean monthly
flows of 107.95, 78.47, and 65.80 CFS, respectively (Figure 2). These flood events appear to be larger
than the flows recorded pre-project data (2009). In addition, the December 2012 flood event is the
largest on record between 2001 and 2015.
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Month and Year
Figure 2. Mean monthly flow of North Creek at 196th St SE from April 2001 to May 2015. Orange arrow demarks the
approximate time of the project construction.

2.1 Habitat and Vegetation
Have the LWD treatments accumulated wood from North Creek and is the LWD stable?
Results
LWD counts for each year and whether the wood was placed as part of the project or naturally recruited
is shown in Table 3. There was a reduction in naturally recruited LWD immediately following the project
in 2011, which could have been from greater transport and loss between 2009 and 2011. It’s also
possible that wood count decreased due to construction activities that affected the observation of all
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LWD. In 2012, one year after project construction, the quantity of LWD decreased by 14 pieces but byin-large, the wood placed in 2011 was relatively unchanged in 2012. However, 8 pieces of placed wood
could not be accounted for. The total quantity of LWD decreased again between 2012 and 2016 by
18.5%, or 30 pieces of wood, though some of the placed wood may have been difficult to observe due to
new vegetation growth on streambanks. The number of natural pieces also declined over time indicating
low natural wood recruitment, further highlighting the importance of placed woody material.
The LWD observed in 2009 was split between 53% stable (naturally or artificially anchored) and 47%
unstable. Although the total number of LWD in the project area has decreased since 2011, wood
stability has increased following construction from 90% in 2011 to 93% in 2016. A missing piece of
information is the count of natural wood that was physically retained by or otherwise stored on placed
pieces of LWD. However, since the number of natural wood pieces has declined over time, we believe
the amount of storage at LWD treatments is low and hasn’t increased since construction.
Table 3. Wood count, origin (natural or placed), and the percent of placed and natural wood for a given year.

Year

Natural

Placed

Total

% Placed

% Natural

2009
2011
2012
2016

51
33
27
25

2
143
135
107

53
176
162
132

N/A
81
83
81

N/A
19
17
19

Discussion
LWD retention in 2016 was 75% of the total LWD after construction, which was less than the anticipated
performance of 80% wood retention over 10 years. This decrease in total wood may be attributed to
large flood events that occurred in 2012 and 2014, which may have washed away LWD structures. At the
same time, some wood easily observed and counted post-construction may now be buried, covered in
growing vegetation, mulch, or otherwise obscured due to some channel movement of North Creek.

Do LWD-formed pools increase total pool area in the treatment area?
Results
Pool counts, area, average pool area and average pool depth over time are shown in Table 4. Five years
after the project, the number of pools is unchanged and the total pool area decreased by approximately
420 m2. The average residual pool depth decreased after construction from 0.52 m in 2011 to 0.46 m in
2016.
The pool-forming factors have changed in the first five years since project construction, as most of the
pools were free-formed prior to construction in 2009. A majority of the pools were formed by natural
wood, riprap and placed wood immediately after construction in 2011, which changed to mostly placed
wood and free form pools in 2016. Two pools found in 2016 were formed by beavers that colonized the
new side channels (Table 5).
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Prior to the project, nearly all of the pool area was attributed to free-formed pools. Since the project,
the dominant pool-forming factor by pool area has shifted from natural wood-formed pools in 2011 to
placed LWD or free-formed pools in 2012. In 2016, a large proportion of the pool area was attributed to
free form pools. No natural wood-formed pools were recorded in 2016, which could be partly explained
by the 50% reduction in natural LWD (Table 3) since 2009 (Figure 3).
While the number of pools initially increased with LWD treatments, the number decreased by 20% by
2016. Conversely, the number of riffles and glides both increased by 27% between 2009 and 2016,
which contributed to a 15% increase in all habitat units between 2009 and 2016. In fact the number of
glides increased from 11 to 14 to 19 in 2001, 2012, and 2016, respectively, suggesting that since residual
pool depth decreased over time, some previous pool locations no longer meet residual pool depth
criteria.
Table 4. Number of pools in main channel and side channel, average area, and average residual depth of pools within the
Project area for a given year. * denotes that that several pool width and/or lengths used to develop this value were estimated.

# of Pools
Year

Main
Side
Channel Channel
16
0
17
2
17
3
11
5

2009
2011
2012
2016

Total

Total Pool
Area

Average pool
Area

Average
Residual Depth

16
19
20
16

1246.6
1396.4
1000.2
819.2*

77.9
73.5
50.00
51.2

0.50
0.52
0.42
0.46

Table 5. Number of pool forming factors for a given year.

Year
2009
2011
2012
2016

Artificial Structure
6
9
6

Beaver

Free form

2
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4
6
6

Natural Wood
1
5
2

Riprap
3
4
3
2

Grand Total
16
19
20
16
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Total area of pool forming factors by year
1600
1400
1200

Area m2

1000
800
600
400
200
0
2009

2011

2012

Artifical Structure

Beaver

Free form

Natural Wood

Rip rap

Total area

2016

Nat Wood + Project Wood Pool Area
Figure 3. Pool forming factors, total area, and the sum pool area attributed to both natural and project wood per year. Note,
artificial structures include placed wood.

Discussion
The total number of pools increased between 2009 and 2012 due to pool formation around the
constructed LWD treatments and side channels, but then decreased back to 16, the original number
recorded pre-project. The number of side channel pools increased post project, which indicates that the
side channels are becoming more connected and hydraulically diverse. However, flow may be diverting
away from the mainstem which results in less geomorphic scour or more sediment retention and less
pool formation in the main channel.
The total pool area and average pool area decreased between 2009 and 2016, even though the number
of pools were the same in both 2009 and 2016. This coupled with the increase in the number of glides
and riffles may suggest that the LWD features and other project elements are aggrading enough
sediment in the project area to turn what were pool features (based on residual pool depth
measurements) in 2009 and 2011 to riffles and glides in 2016. This aggradation can greatly improve
salmon spawning habitat by providing more gravel and small cobble in the project area.
Total pool area attributed to natural and placed wood increased between 2009 and 2011 due to the
addition of the placed wood, but decreased to 157.8 m2 in 2016. However, the total pool area associated
with LWD in 2016 is nearly three times the area recorded in 2009. The increase followed by a gradual
decrease in pool area formed by wood is perhaps not surprising as natural wood decreased and the
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channel adjusted, in some cases farther away from LWD treatments. This movement may be due to the
large storm events that occurred in both 2012 and 2014.
Two of the pools recorded in 2016 were formed by beavers, suggesting there are now more favorable
habitat conditions with the riparian vegetation to accommodate beaver. Increased beaver activity within
the project area may lead to more wood-formed pools and higher quality fish habitat. The two beaverformed pools recorded in 2016 were in side channels associated with placed LWD structures, suggesting
that the LWD treatments may play an important role in facilitating the creation of these pools.

Does LWD placement create new pool scour formation?
Results
The functionality of each piece of wood was documented to record whether the wood was actively
creating a scour pool, retaining sediment, providing cover, and/or protecting the bank in some way.
While the largest proportion of wood in 2009 and 2011 served one function, a majority of the wood in
2016 served three functions. 2016 also had the highest number of functions for all wood when
compared to 2011 and 2009 (Figure 4).
2012 was excluded from the wood functionality analysis due to the wood data collection error that
occurred in 2012, discussed in the previous section. While it was possible to calculate the total number
of wood present after the 2012 survey from the as-built design, it was not possible to definitively
determine what functions they were providing in 2012.
A summary of the percentage of wood serving each function per year is shown in Figure 5. While most
of the wood in 2009 and 2011 served between 1 and 2 functions, 2016 had the most average number of
functions per piece of wood, as well as the most pieces of wood that served all 4 functions (Figure 4). As
a result, the count of all wood functions was highest in 2016, with over 60% of the wood creating scour
pools in the project area, and approximately 40% more than 2009 (Figure 5). Over 80% of the wood
recorded in 2016 were associated with providing either cover or bank protection (Figure 5).
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Number of functions per piece of wood each year
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Figure 4. Number of functions for each piece of wood recorded by year, including total number of functions for wood each year.
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Figure 5. Percentage of wood serving each function by year.

Discussion
The wood present in the project area in 2016 served a greater number of functions than the wood
recorded in 2011 or 2012. In addition, LWD in 2016 were associated with over 40% more scour pools
which suggests that the wood present in 2016 served a greater benefit for juvenile salmon rearing
habitat in the project area. Of the 41 pieces of wood documented in 2016 that were associated with
scour pools, at least 68% of the wood (28 pieces) were LWD treatments, demonstrating that the wood
placement associated with the Clearwater School Project is successfully facilitating the creation of new
and improved salmon habitat in the project area. It should be noted that due to the wood corrections
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made in 2018, some of the wood functions and associated values discussed in this section may be
underrepresented.

Do LWD-formed pools create greater fish cover (m2)?
Results
The dominant cover type associated with pools pre-construction was vegetation (68.5 m2) some of
which was Himalayan blackberry, knotweed, and grasses. The pool cover types observed in 2011 and
2012 was mixed between vegetation, rock, LWD, and bank. Although 2016 had the lowest total cover
associated with pools (there were fewer qualifying pools), the majority of the cover type were from LWD
(45.5 m2 or 69% of all pool cover recorded). 2016 also had the largest amount of LWD cover associated
with pools among all years, which increased from 36.1 m2 in 2011 to 45.5 m2 in 2016. (Figure 6).
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Figure 6. Total area of each cover type in the project area.

Discussion
Total fish cover (in-water and within 30 cm overwater) over all habitat units was greatest in 2009, prior
to construction with 290 m2, which mostly consisted of bank vegetation cover. Total cover decreased
post-construction to 185 m2 in 2016. Similarly, the greatest total cover associated with pools was in 2009
with 129 m2 which decreased to 66.2 m2 in 2016 (Figure 6). Because the pool area also decreased over
time, the reduction in cover by pool area is understandable.
Although total cover associated with pools decreased within the Clearwater School project area over the
first five years, fish cover created by LWD and associated with pools has increased to 45.5 m2. This
increase is likely associated with the greater quantity of LWD in the project area and the average greater
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level of functionality for each piece of wood. Because LWD-created cover at pools represents important
rearing habitat for juvenile salmon, the project was successful in this regard.

Do LWD treatments split stream flow to effectively maintain or increase side channel
length and/or wetted area in summer?
Results
As noted in Table 1 and Figure 1, two side channels were excavated upstream from the 196th St SE
Bridge with lengths of 67 m and 40 m. At the upstream inlets of both side channels, apex log jams were
constructed (see Appendix A). Although the change in physical dimensions were evident on-site and in
project photos (primarily width), the magnitude of change could not be evaluated as updated cross
sections were not obtained. In 2016, side channel 1, located on south side of North Creek, was 50 m in
length and provided a total of 9 habitat units. Side channel 2, located on the north side of North Creek,
was 47.9 m in length with 10 habitat units (Table 6, Figure 1). Both of these side channels contained 21
pieces of placed LWD that were dispersed throughout the side channel. The total length of habitat units
is shorter in side channel 1 and longer in side channel 2 than the constructed channel lengths, despite
the fact that the inlet and outlet locations were unchanged.
Table 6. Habitat units and lengths of each side channel in 2016.

Side Channel

Habitat unit and count

Total length (m)

Total area (m2)

1

Other (2)
Pool (3)
Riffle (4)
Total (9)
Other (4)
Pool (2)
Riffle (4)
Total (10)

6
15.4
28.6
50
13.9
22.2
11.8
47.9

9.6
46.13
62.78
118.51
20.14
63.02
14.26
97.42

2

Discussion
All the LWD positioned on the upstream side of both side channels are successfully diverting flow into
both side channels which are now well established. A different methodology was used to measure side
channel lengths; the as-built channel lengths were used in 2011 (the as-built channel length) while
habitat units were used in 2016. Because two different methods were used to measure the side channel
lengths, it is difficult to definitively know whether they have increased or decreased in size. Regardless,
both appear to be providing additional salmon habitat and refuge in the project area year round, and a
total 216 m2 of new habitat, 109 m2 of which are pools. It should also be noted that both beaver-formed
pools were located in side channels, which demonstrates another benefit these side channels provide
the project area and North Creek.
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Did the removal/dispersal of riprap improve bank conditions?
Results
The bank condition within the project area prior to construction was 47% modified (primarily riprap) and
53% natural. Bank modification increased slightly after construction to 49%, but then decreased to 38%
in 2016. In 2009, roughly 51% of the banks were unstable and 49% stable. Bank stability increased in
2011 and 2012 to mostly stable (66% and 78%, respectively) and decreased to 69% in 2016 (Table 7).
Table 7. Bank condition and stability percentages per year.

Year
2009
2011
2012
2016

Condition
Modified
47%
49%
43%
38%

Natural
53%
51%
57%
62%

Stability
Stable
49%
66%
78%
69%

Unstable
51%
34%
22%
31%

Discussion
Overall, the bank conditions within the project area have improved from the conditions recorded
immediately post-construction in 2011; bank modification has slightly decreased, particularly at
footbridge #1, which was removed along with right bank riprap, and the amount of natural bank stability
has slightly increased. The amount of natural and stable banks has increased to above what was
recorded pre-construction, which is likely due to the 15.4 m long meander jam and the LWD and wood
structures that have been placed along the banks. As these LWD structures and riparian conditions
further stabilize, the bank condition should also continue to stabilize.

Have riparian conditions improved in the project area?
Results
Riparian vegetation monitoring took place in 2015. Substantial vegetation growth had occurred, with 61
species recorded. Most of the vegetation were shrubs and herbaceous species including 6 non-native
species and 8 invasive. Pre-project native cover was 87.7% which increased to 131.7% in 2015, as is in
evidence in Figure 7. Note all cover percentages are expressed as absolute percentages, which may
exceed 100% if canopies overlap.
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Figure 7. Downstream outlet of side channel 2 in 2012 and 2016.

Conifer cover increased from 3.8% pre-construction to 8.8% in 2015. Western red cedar accounted for
most of cover in both years due to the fact that there was already a large established population prior to
restoration. Sitka spruce had the second most cover in 2015 at 1.9%, followed by yellow cedar, hemlock,
and Douglas-fir which all made up less than 1% cover.
In total, deciduous trees had 20.7% cover pre-construction and 32.3% post-construction. Red alder was
the most common deciduous tree and increased from 17.2% pre-construction to and 28% postconstruction. This value included volunteer recruits that sprouted at the site and established adults
along the creek and neighboring property. The cover associated with the willow community, which
consisted of Pacific willow, Sitka willow, Scouler’s willow, and Hookers willow, quadrupled between
2009 and 2016 from 3.6% to 14.7%.
Shrub cover also increased post-construction from 21.7% to 44.7%. All shrubs increased in percent
cover, except for Indian plum which declined from 3.7% to 2.2%. The most prevalent shrub was red osier
dogwood which increased to 9.4% cover post-construction from 2.6% pre-construction.
Invasive species cover was dominated by reed canary grass (40.9% cover), Himalayan blackberry (10.0%
cover), and buttercup (10.6% cover). The cover associated with reed canary grass increased postconstruction from 24.6% to 40.9%, as did buttercup which was not present in 2009. Himalayan
blackberry decreased, which was controlled for in 2008, 2010, and 2011. A small amount of knotweed,
evergreen blackberry, and herb Roberts were also recorded in 2015 but have decreased from what was
present pre-construction.
A time series of photos is provided in Appendix B, showing one of the larger planted areas preconstruction with invasive species (knotweed), planting efforts immediately after construction, and four
years following project construction.
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Discussion
Cover associated with shrubs, deciduous trees, and conifers all increased post-construction. It should be
noted that the 2009 conifer data was collected from established trees since conifers weren’t planted at
the site until 2011. Invasive species cover, particularly reed canary grass and buttercup, have increased
since construction, while some of the other controlled invasive species such as Himalayan blackberry
and knotweed have decreased. Planted trees and shrubs have begun to out-compete and shade out
some of the reed canary grass, which will help minimize further proliferation.

2.2 B-IBI
B-IBI data were collected at two sites on opposite ends of the project area in various years between
2005 and 2016. These data were evaluated to determine whether benthic macroinvertebrate
communities and, by extension, stream health are improving in the project area (Table 8). Other B-IBI
data collected in North Creek between 2005 and 2016 were also used to evaluate the health of North
Creek outside of the project area and determine whether the B-IBI scores observed in the project area is
representative of and consistent with changes in scores in North Creek as a whole (Figure 8).
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Figure 8. Map of Snohomish and King County B-IBI sampling locations and project area

B-IBI scores on the upper end of the project area (NRUP) slightly decreased between 2009 and 2016,
while scores on the lower end of the project area (NR) slightly increased between 2005 and 2016. B-IBI
data collected outside of the project area show that conditions have slightly improved at both locations
above the project area and one below the project area (Figure 9, Table 8). These results suggest that the
Clearwater School Project has had very little to no impact on the benthic macroinvertebrate B-IBI scores.
The slight increase in B-IBI scores at the downstream site (NR) between 2009 and 2012 could be
attributed to the project as this site is more likely impacted by the project; however, there appears to be
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little to no significant trend at any of the B-IBI sites between 2005 and 2016. Additional B-IBI data will be
needed in order to verify if the B-IBI score in the lower portion of the project area is improving, and
whether the increase can be attributed to the Clearwater School project or if it is basin-wide. At the
same time, in 2016, benthic invertebrates were sampled from the newly excavated side channel 2. The
B-IBI score was nearly identical to the mainstem indicating that the benthic invertebrate community has
fully colonized the side channel within 5 years.
Table 8. B-IBI Scores from 2009 and 2016, sampled by Snohomish County and taken from two locations within the project area.

Year
Site
Nor1750
Nor1756
Nor2306
NR
NRUP
NRUP_Side
Channel
North208

2005
48.2

2006
50.8

27.7
37.5

27.8

37.2

2007
48.3
13.2

2008
59.2
10.4
19.7
53.5

54.6

2009
59
27.7
38.3
28.6
41.2

2010
37.8
12
26.6

2011
41.4
3.7

2012
40
22.6
20.2
42.6

2013
60.1
33.9
26.9

2014
48
26.7
32.6

2015
59.2
35.9
24.6

40.8

2016
62.5
35.5
24.4
41.1
37.4
37.5
54.6

Snohomish and King County B-IBI scores on North Creek
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Figure 9. B-IBI scores between 2005 and 2016 for six locations within (2) and out of (4) the Clearwater School project area.
Samples taken by Snohomish and King County. The two solid lines represent the B-IBI score at the sites within the project area;
the dashed green lines are those sites located downstream and the blue dashed lines are those located upstream.

2.3 Treatment Effectiveness
Various instream treatments were constructed to support different hydraulic functions or to provide
habitat benefits for salmonids (Table 9). During the 2016 survey, these treatments were inventoried to
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determine whether they still existed in the project area, how they were functioning, and if they had
achieved the overall objectives for which they were designed. The following section provides a brief
overview of each treatment type including a short description, the objectives they were designed for,
and their overall effectiveness. Additional photos of each treatment type and description of their
effectiveness is also provided in Appendix A.
Table 9. Count of each type of treatment type in the Clearwater School Project based on project designs and as-built inventory.

Treatment Type

Count

Meander Jams
Rootwads
Apex wood jams
Turning logs
Sweeper logs
Shiplath Logs (over riprap)
Reinforced riffle

2
15 (9 locations)
2
7
5
2
7

As of 2016, most of the treatment types described above were still intact within the project area and
functioning as initially designed. There is only one structure that is completely missing, though
remaining placed wood may be buried. Many of the treatment types installed such as the meander jams
and apex jams appear to have been highly engineered and robust in order to ensure their integrity and
stability during large floods.




Meander Jams
Two Meander Jams were installed at two separate locations to serve as bank protection, limit
erosion, and provide cover at higher flows. The meander jams consisted of smaller wood pieces,
with vertical, perpendicular, and horizontally facing pieces constructed along the bank face to a
height above the floodplain. These features were also designed to promote scour at their base
to promote pool formation and protect adjacent plantings from lateral erosion. Both meander
jams are still present and appear to be limiting bank erosion, providing roughness and some
cover. Scour was present at one meander jam but not the other.
Rootwads
Similar to meander jams, 15 larger root wads were positioned at several locations on the
outside bank or in series on opposite stream banks. These structures are very similar to
meander jams but instead of several logs together are just one single rootwad, sometimes with
one vertical piling for ballast. Rootwads provide bank edge complexity, as well as add roughness,
provide fish cover, and promote scour at their toe. Most of the root wads were also present and
functioning as designed; however, single rootwads appeared to be more susceptible to bank
erosion. Some of the rootwads are less visible due to overgrown vegetation, making it difficult
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to determine whether all the original structures are accounted for. A few rootwads appear to
have been placed too high to promote scour and provide only a small amount of cover.
Apex wood jams
Two apex wood jams were installed to facilitate the divergence of flow at the inlets of the two
constructed side channels. Each jam consisted of larger root wads facing upstream at the apex
of the island formed by the new side channel excavations. These jams were constructed to an
elevation higher than the floodplain, and were built to protect vegetation on the island from
erosion, capture other woody debris during flood events, provide cover for juvenile salmonids at
higher flow, and promote scour at their toe for pool formation. Both apex wood jams are still
successfully diverting flow into the constructed side channels which are now fully established
and providing habitat. Scour at the tow of the jams is limited.
Turning logs (or Sill logs)
Seven turning log structures were placed to promote scour in the channel and to restore
geomorphic function by dissipating energy. These features consisted of either two logs oriented
at roughly 45 degrees from the bank with either their root wad or opposite end facing inward
and up river or simply one log placed perpendicular across the channel with a second rootwad
at the bank. These structures were designed to help aggrade sediment and create scour or
plunge pool features downstream. All the turning log structures are still present and the sill log
function appears to be creating scour and plunge pools downstream of the structures, storing
gravel upstream and creating backwatered flow and energy dissipation upstream.
Sweeper logs
Five sweeper logs were installed in the project area to divert a portion of the creek’s flow away
from eroding banks and toward armored banks or structures and to promote scour near and
around the structures. Sweeper logs consist of two logs positioned next to each other and
impaled into the bank at a downstream angle. They are positioned to span roughly 20 to 50
percent of the active channel. At least one sweeper log structure is missing (or completely
buried). One other sweeper structure is also partially buried in an aggraded bar with new
vegetation. Other sweeper logs have assisted in dissipating energy, creating downstream scour,
and aggrading some larger sediment in their general vicinity. However, one of these structures
appear to be suspended above the elevation of the stream bed to the point that they are no
longer active or wet at lower flows. This is downstream of 196th St, where the channel appears
to have incised in several locations. Only one out of the five sweeper structures is notably
effective at creating pool scour, cover, and gravel storage.
Reinforced riffle
Seven reinforced riffles were installed to dissipate energy and mitigate geomorphic processes
associated with urban streams such as down cutting and erosion. Each riffle varied in length and
consisted of a variety of different substrate sizes to increase bed roughness. A number of riffles
were observed in the project area but it is unclear whether any of these were the original
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reinforced riffle structures as some material resembled the project-area bank armor (riprap)
that .
Side Channels
Two side channels were excavated to help create more off-channel habitat and refuge for
juvenile salmonids. Several root wads and turning log structures were placed in each side
channel to create more habitat and channel roughness. Each side channel was also accompanied
by an apex jam at their upstream end to help divert flow, create roughness, and accumulate
wood. As previously discussed, both side channels are still intact and connected to the main
stem during low flows. The side channels are also providing habitat for juvenile salmonids and
have attracted beaver activity, which adds wood-formed pool habitat and enhance hydrologic
processes in the system.

3. Photo Points
A number of photos were taken in 2009, 2011, 2012, and 2016 to document the change in LWD
structures, in-stream habitat, geomorphic conditions, and vegetation. Designated photo points were
established post-construction; however, due to the natural development of the project and vegetation
growth, many of these points were not used for the 2016 photos. Photo series taken from similar
locations between 2009 and 2016 are provided in Appendix A and demonstrate how certain project
elements were constructed and are currently functioning in the project area.

4. Conclusion and Recommendations
The monitoring results after the first five years of the Clearwater School project suggest that most of the
project objectives have been met and that the treatments have been effective in creating and enhancing
salmon habitat and improving the geomorphic conditions. In summary;
 The quantity of LWD and overall stability is slightly diminished but some wood still present may
have been overlooked in 2016.
 The project LWD serves more hydraulic and habitat functions than previously recorded.
 LWD cover associated with pools has increased.
 Both constructed side channels are hydrologically connected and are providing additional
habitat and refuge during high and low flow.
 Bank condition and stability has not significantly changed.
 Beaver activity was observed in 2016 in the form of two beaver-formed pools. These pools can
be beneficial as they provide refuge and rearing habitat for salmon and hydrologic benefits
during high and low flow periods.
 The quantity of pools and pool area decreased over the first five years in the main channel. This
was likely due in part to the creation of the side channels, which routed flow away from the
main channel and likely led to deposition of gravel and sand in the main channel. However, a
reduction in two pools downstream of any LWD placement and the side channels also occurred,
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which could have been due to downstream aggradation. In total the mainstem lost 7 habitat
units (including one riffle and one glide), while the side channels gained 19 habitat units.
Future recommendations for project monitoring and similar projects include:
 Additional emphasis should be placed on topographic survey of both side channels in
subsequent years to more effectively monitor their physical dimensions. More information
regarding the habitat they provide and their influence on the geomorphic processes in the
project area could also be useful.
 While many of the treatments installed in the project area have been robust enough to survive
the first five years, many are becoming overgrown with vegetation. This makes it difficult to
determine whether habitat features are a component of the project or a natural feature. To
ensure more accurate data collection in the future and that project elements can be monitored
for years after construction, a better approach should be used to mark and identify constructed
elements.
 LWD installed with root wads serve a greater number of ecosystem functions than LWD without
root wads, suggesting that future projects focused on restoring or enhancing salmon habitat
should utilize LWD with root wads. In addition, LWD impaled into banks should be carefully
considered as they may lose their effectiveness over time or inadvertently cause more localized
erosion, as demonstrated in Appendix A.
 Benthic macroinvertebrate monitoring provides some additional context for assessing biological
integrity at the treated site over time. Whereas no individual project treatment was designed to
affect a response in the benthic macroinvertebrate community, understanding whether and
how a project may affect the local benthic macroinvertebrate community will be useful.
Multiple other locations in North Creek were used as control sites and no notable change was
observed relative to these other locations. However, in 2016 the B-IBI score in the 2nd
constructed side channel (that didn’t exist in 2011) was approximately the same as the main
channel.
 It has become difficult to tell where certain photos have been taken and which historic (2011,
2012) photos they correspond to. Additional details and notes would be help compare photos
and locations.
 Additional vegetation monitoring and invasive species control should be considered to ensure
reed canary grass and Himalayan blackberry do not dominate the riparian portion of the project
area. As some of the larger shrubs and trees mature, more specific data on how these plant
communities are interacting with North Creek would be useful to better understand whether
they are providing cover, if so how much, and how they are benefiting the instream habitat.
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Appendix A: Photos of treatment types
The following Appendix shows photo series of each treatment type, beginning before or during
construction and ending with 2016 photos of the treatment.
Downstream Meander Jam
2011
Future location, preconstruction.

2011
Construction
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Meander Jam – 2011
As built

Meander Jam –
2011/2012 winter –
photo also includes
sweeper log
structure in
foreground

Meander Jam – 2016
summer

Clearwater School 5 Year Monitoring Report

27
Meander Jam
Meander
jam – 2011
Preconstruction

Meander
jam – 2011
As built

Meander
jam – 2012
Post –
construction
during
winter flows

Clearwater School 5 Year Monitoring Report

28
Meander
jam – 2012
Spring

Meander
Jam – 2016;
increased
bank
vegetation
and stability
compared to
2011 preconstruction.
Other single
rootwads
are
overgrown.
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Rootwads – located in constructed side channel 2.
Rootwads in
constructed side
channel – 2011 early
stages construction,
looking downstream

Rootwads – 2011
during construction,
rootwads placed
alternating throughout
channel. Reinforced
riffle is in foreground.
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Rootwads – 2011 as
built. Reinforced riffle
is in foreground.

Rootwads – 2012
winter flows. Direction
of flow is toward
bottom of photo.
Reinforced riffle is in
foreground.

Rootwads – 2012
summer flows.
Reinforced riffle is in
foreground.
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Rootwads – 2016
looking downstream
side channel.
Vegetation has covered
banks, some gravel
bars, and rootwads.

Apex wood jam
Apex wood jam – 2011
Construction

Apex wood jam – 2011
As built. Side channel
to right of jam. Flow is
right to left.
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Apex wood jam – 2011
Post construction

Apex wood jam –
2011/2012
Winter floods

Apex wood jam – 2012
Low flow. Greater
gravel bar
accumulation at apex
of jam.
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Apex wood jam - 2016

Turning logs

Turning logs – 2016 showing full structure,
point bar formation, and greater thalweg
definition.

Turning logs – 2011 as built of second
turning log structure.
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Turning logs – 2016, formation of
backwater and plunge pool characteristics

Sweeper logs
Sweeper logs – 2011 –
partial structure prior
to construction
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Sweeper log- 2011 as
built.

Sweeper log – 2012
summer.
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Sweeper log – 2016.
Downstream and
upstream placements.
Note pool scour at tip
of sweeper.

Side Channels
Side Channel – 2011 as built, looking
upstream. Note rootwads in left bank,
and apex jam at top of side channel.
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Side Channel – 2011, post construction

Side Channel – 2012, first winter
looking upstream

Side Channel – 2012 summer
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Side Channel – 2016 summer. Side
channel is fully connected with heavy
vegetation and beaver activity.
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Appendix B: Riparian area plantings
Riparian planting – 2004 pre-construction.
Knotweed in full bloom. Looking upstream. Note
the sign on the left side of the picture which is
visible in most of the photos.

Riparian planting – 2010 pre-construction.
Looking upstream.
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Riparian planting – 2011 during construction.

Riparian planting – 2012 winter postconstruction. Photo taken before planting.
Looking upstream.
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Riparian planting – 2012 summer.

Riparian planting – 2016. Looking down stream
with planted area on right of picture.
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